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Solvent  Refining  of  Lubricating  Oils 

with  Nitrobenzene 

Analytical  Methods 


S.'S.  KURTZ,  JR.,  C.  E.  HEADINGTON,  AND  B.  ZIEBER,  The  Atlantic  Refining  Co.,  Philadelphia  Pa. 


THIS  paper  describes  the 
analytical  methods  which 
have  been  worked  out  during  the 
period  covering  the  development 
of  the  operation  and  equipment 
for  the  nitrobenzene  process  for 
solvent  refining  of  lubricating 
oils  as  described  in  previous 
papers  (3,  4,  3).  These  methods 
are  also  useful  in  the  control  of 
the  commercial  plants  now  using 
this  process.  The  discussion  is  divided  into  five  parts: 
source  of  samples,  analysis  of  nitrobenzene-oil  solutions  of  low 
nitrobenzene  content,  analysis  of  nitrobenzene-oil  solutions 
of  high  nitrobenzene  content,  analysis  of  nitrobenzene-water 
solutions,  and  analysis  of  charge  stocks.  Methods  for  deter¬ 
mining  the  purity  of  fresh  nitrobenzene  can  usually  be  sup¬ 
plied  by  the  producers  of  this  material. 

Source  of  Samples 

Table  I  gives  a  summary  of  the  plant  samples  on  which 
analyses  might  be  desirable,  the  point  from  which  the  samples 
are  taken  as  shown  on  the  flow  diagram  in.  Figure  1,  frequency 
of  sampling,  probable  concentration,  method  used  for  the 
analysis,  and  the  approximate  time  required  for  the  analysis. 

The  water  samples,  instead  of  being  taken  from  the  line 
at  L,  are  actually  taken  from  the  bottoms  of  a  small  still 


inserted  at  this  point  and  used 
to  recover  the  small  amount  of 
nitrobenzene  dissolved  in  the 
water  from  a  water  separator. 
These  units  also  receive  the  con¬ 
densed  steam  from  the  vacuum 
pumps. 

Because  of  the  widespread 
differences  in  the  nitrobenzene 
content  of  samples  taken  at 
different  points  in  the  plant,  it 
was  necessary  to  develop  several  analytical  methods  giving 
the  desired  accuracy  with  a  minimum  expenditure  of  time. 
Accordingly,  four  groups  of  methods  are  presented:  (1) 
methods  for  determining  0  to  5  weight-per  cent  of  nitro¬ 
benzene  in  oil,  (2)  5  to  100  weight-per  cent  of  nitrobenzene 
in  oil,  (3)  nitrobenzene  in  water,  and  (4)  low-boiling  fractions 
in  charge  stocks  for  the  nitrobenzene  plant. 

Determination  of  0  to  5  Per  Cent  of  Nitro¬ 
benzene  in  Oil 

Two  materials  in  the  plant  contain  nitrobenzene  in  con¬ 
centrations  of  from  0  to  5  per  cent:  the  extract  and  the 
raffinate.  Two  methods  are  presented  for  analyzing  these 
materials.  The  first  method  involves  the  reduction  of  the 
nitrobenzene  to  aniline  by  titanous  sulfate.  It  is  accurate 
and  reliable  but  requires  1  hour  per  determination  and  some 


The  analytical  methods  presented  can 
be  used  to  determine  the  composition  of  the 
solvent-oil  solution  present  in  any  part  of 
the  extraction  system.  Methods  are  also 
described  for  determining  the  concentra¬ 
tion  of  low-boiling  fractions  in  the  charge 
oil  and  the  concentration  of  nitrobenzene 
in  water. 


Table  I.  Summary 


Sample  Taken 

Where 

Taken 

Probable 

Concentration 

Maximum 
Time  for 

(Figure  1) 

Frequency  of  Sampling 

Analysis  Desired 

Range 

% 

Analytical  Method  Used 

Analysis 

Min. 

Raffinate 

A 

One  sample  per  tank 

Nitrobenzene 

0  to  0. 1 

Titanous  sulfate 

60 

B 

3  to  6  per  day 

Nitrobenzene 

0  to  0 . 1 

Pensky  Martens  flash 

30 

C 

For  special  purpose  only 

Nitrobenzene 

0.1  to  1.0 

Pensky  Martens  flash 

30 

D 

For  special  purpose  only 

Nitrobenzene 

10  to  30 

Specific  gravity  or  distillation 

60 

E 

For  special  purpose  only 

Nitrobenzene 

10  to  30 

Specific  gravity  or  distillation 

60 

Extract 

F 

For  special  purpose  only 

Nitrobenzene 

50  to  90 

Specific  gravity  or  distillation 

60 

G 

For  special  purpose  only 

Nitrobenzene 

50  to  90 

Specific  gravity  or  distillation 

60 

H 

For  special  purpose  only 

Nitrobenzene 

0.1  to  1.0 

Specific  gravity  or  distillation 

60 

I 

One  per  day 

Nitrobenzene 

0  to  0 . 1 

Pensky  Martens  flash 

30 

J 

One  sample  per  tank 

Nitrobenzene 

0  to  0. 1 

Titanous  sulfate 

60 

Recovered  nitrobenzene 

K 

2  per  month 

Nitrobenzene 

95  to  100 

Distillation  and  freezing  point 

90 

Water 

L 

3  to  6  per  day 

Nitrobenzene 

0  to  0.2 

Colorimetric 

30 

Charge  stock 

M 

One  sample  per  tank 

Light  oil 

0  to  1 . 0 

Flash  difference  or  double  dis¬ 
tillation 

90 

1 

295<  )56 
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Figure  1 


skill  in  manipulation;  consequently  it  is  used  only  to  deter¬ 
mine  the  nitrobenzene  content  of  each  tank  of  finished  oil. 
The  second  method  depends  upon  the  fact  that  the  presence 
of  small  amounts  of  nitrobenzene  in  a  lubricating  oil  stock 
produces  an  appreciable  lowering  of  the  Pensky  Martens 
closed-cup  flash  of  the  stock.  This  method  is  simple  and 
rapid,  and  is  used  as  a  periodic  check  on  plant  operation. 


Designation  D93-22)  of  an  oil-nitrobenzene 
mixture  may  be  compared  with  the  flash  point 
of  the  original  stock  and  thereby  used  as  a 
measure  of  the  nitrobenzene  content  of  the  oil. 
Figure  2  is  applicable  for  oils  varying  from 
149  C.  (300°  F.)  to  316°  C.  (600°  F.)  closed- 
cup  flash,  but  is  more  accurate  for  oils  having 
a  flash  point  above  204°  C.  (400°  F.).  The 
series  of  curves  shown  were  interpolated  from 
many  experimental  data. 

In  using  Figure  2,  the  curve  corresponding  to 
the  flash  point  of  the  original  stock,  as  indi¬ 
cated  by  the  arrows,  is  selected.  The  point 
where  this  curve  crosses  the  line  representing 
the  flash  point  of  the  mixture  (read  on  the  y 
axis)  is  read  on  the  x  axis  as  the  weight-per 
cent  of  nitrobenzene  in  the  mixture.  The  ap¬ 
plication  of  this  method  is  limited  to  operation 
where  the  original  charge  oil  has  been  properly 
stripped  to  eliminate  light  fractions,  as  evi¬ 
denced  by  a  small  spread  between  the  open- 
and  closed-cup  flashes,  described  in  more  detail 
below.  If  the  closed-cup  flash  of  the  raffinate 
or  extract  differs  from  that  of  the  charge,  the  closed-cup  flash 
of  the  product  in  question  should  be  used  in  evaluating  its 
nitrobenzene  content. 

It  will  be  observed  from  Figure  2  that  this  method  will  not 
indicate  concentrations  above  1.0  per  cent.  Its  accuracy  in 
the  working  range  as  based  on  test  oil-nitrobenzene  mixtures 
is  given  in  Table  II. 


Titanous  Sulfate  Method.  In  this  method,  described  in  a 
previous  paper  ( 1 ),  a  small  sample  of  oil  admixed  with  xylene, 
methyl  alcohol,  40  per  cent  sulfuric  acid,  and  standard  titanous 
sulfate  solution  is  boiled  under  an  atmosphere  of  carbon  dioxide. 
The  nitrobenzene  is  reduced  and  the  remaining  titanous  sulfate 
back-titrated  with  ferric  alum,  the  titanous  sulfate  consumed  in 
the  reaction  being  the  measure  of  the  nitrobenzene  present. 
Because  titanous  sulfate  is  oxidized  in  the  presence  of  air  it  must 
be  kept  in  an  oxygen-free  atmosphere  at  all  times;  hence  the 
necessity  for  careful  technic  in  this  determination.  When  the 
proper  technic  is  employed,  the  absolute  error  of  the  method 
varies  from  ±0.01  per  cent  on  samples  containing  up  to  0.1 
per  cent  of  nitrobenzene  to  0.2  per  cent  on  samples  containing  5 
per  cent  of  nitrobenzene.  All  results  are  calculated  to  a  weight- 
per  cent  basis. 

Pensky  Martens  Flash  Method.  With  the  aid  of 
Figure  2  the  Pensky  Martens  closed-cup  flash  point  (A.  S.  T.  M. 


Figure  2 


Table  II.  Accuracy  of  Pensky  Martens  Flash  for  Deter¬ 
mining  Nitrobenzene 

Pensky 

Martens  Pensky 

Flash  of  Martens 


Nitrobenzene 

Original 

Flash  of 

Nitrobenzene 

Deviation 

Present 

Stock  • 

Mixture 

(Figure  2) 

% 

o  F' 

0  F. 

% 

% 

0.01 

495 

485 

0.02 

+0.01 

0.35 

495 

395 

0.30 

-0.05 

0.05 

440 

430 

0.03 

-0.02 

1.00 

440 

330 

0.83 

-0.19 

0.05 

400 

390 

0.05 

0.00 

0.50 

400 

350 

0.40 

-0.10 

0.05 

365 

360 

0.04 

-0.01 

1.00 

365 

310 

1.00 

0  00 

0.01 

305 

305 

0.00 

-0.01 

0.35 

305 

300 

0.20 

-0.15 

Since  this  procedure  is  intended  for  rapid  plant-control 
work,  it  has  been  found  desirable  to  heat  rapidly  to  about 
149°  C.  (300°  F.)  in  .the  case  of  high-flash  oils  and  then  adjust 
to  the  standard  rate  of  heating  prescribed  in  A.  S.  T.  M. 
procedure  D93-22. 

Determination  of  5  to  100  Per  Cent  of  Nitro¬ 
benzene  in  Oil 

While  the  methods  given  above  are  satisfactory  for  low 
concentrations  of  nitrobenzene  in  oil,  their  relative  errors  are 
high  enough  to  preclude  their  use  on  samples  coming  from 
various  points  in  the  plant  where  the  nitrobenzene  content 
ranges  from  5  to  100  per  cent. 

Two  methods  are  presented  for  this  concentration  range. 
The  first  merely  takes  advantage  of  the  wide  difference  be¬ 
tween  the  specific  gravity  of  oil  and  nitrobenzene.  Because 
the  specific  gravity  of  the  oil  stock  is  usually  known  in  plant 
operation,  this  method  provides  a  simple  and  rapid  control 
procedure.  The  second  method  may  be  used  when  the  specific 
gravity  of  the  oil  is  not  known  or  when  it  is  desired  to  isolate 
a  sample  of  the  oil  from  the  nitrobenzene  for  physical  property 
determinations.  It  consists  of  distilling  the  nitrobenzene 
from  the  oil  under  vacuum  and  measuring  the  weight  of  the 
residual  oil.  When  a  check  on  the  oil  boiling  in  the  nitroben- 
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zene  range  is  desired,  this  method  may  be  supplemented  by 
a  freezing  point  determination  on  the  nitrobenzene  distillate. 

Specific  Gravity  Method.  The  additivity  of  the  specific 
gravities  of  nitrobenzene  and  oil  on  a  volume  basis  was  checked 
experimentally  for  a  variety  of  light  and  heavy  oils.  This 
offered  a  simple  means  of  estimating  nitrobenzene  concentra¬ 
tion  when  the  oil  gravity  was  known.  Accordingly,  a  series 
of  charts  was  prepared  relating  the  specific  gravity  of  the 
nitrobenzene-oil  mixture  to  the  volume  and  weight-per  cent 
of  nitrobenzene.  A  range  of  from  0.8  to  1.02  in  the  specific 
gravity  was  covered  and  in  order  to  insure  the  homogeneity 
of  the  mixtures  all  specific  gravities  are  taken  at  60°  C. 
(140°  F.)  or  100°  C.  (212°  F.)  depending  on  the  viscosity 
of  the  mixtures.  The  specific  gravity  of  plant  nitrobenzene 
was  found  to  be  1.167  at  60°  C.  and  1.127  at  100°  C.  Both 
values  are  referred  to  water  at  15.5°  C.  (60°  F.). 

Vacuum  Distillation  and  Freezing  Point.  This 
method  for  determining  the  nitrobenzene  content  of  an  oil- 
nitrobenzene  mixture  consists  of  a  vacuum  distillation  of  a 
weighed  charge  of  the  mixture  to  a  specified  liquid  tem¬ 
perature,  after  which  the  oil  is  stripped  free  of  nitrobenzene 
with  an  inert  gas,  the  residual  oil  weighed,  and  any  oil  distill¬ 
ing  over  with  the  nitrobenzene  may  be  estimated  from  the 
freezing  point  of  the  distillate  and  added  to  the  residual  oil. 

In  most  cases  this  procedure  may  also  be  used  when  it  is 
desired  to  isolate  a  sample  of  the  oil  from  the  mixture  for 
physical  property  measurements.  Experimental  work  has 
shown  that  using  a  properly .  stripped  light  stock  (400°  F. 
flash  point)  a  maximum  of  0.6  per  cent  of  oil  based  on  the 
mixture  distills  with  the  nitrobenzene.  When  using  stocks 
of  260°  to  316°  C.  (500°  to  600°  F.)  flash  point  0.1  per  cent 
or  less  distills.  Physical  properties  on  the  residual  oil  may 
then  be  used  for  plant  control  except  where  a  light  stock  is 
present  in  the  mixture  in  low  concentrations. 

The  apparatus  is  illustrated  in  Figure  3.  A  is  a  2-liter  balloon 
flask  fitted  with  a  Claisen  head,  B.  B  is  electrically  heated  by 
wrapping  with  550  cm.  of  No.  30  nichrome  wire,  insulated  with 
asbestos  and  heated  by  110-volt  alternating  current.  C  is  a 
capillary  tube  for  admitting  carbon  dioxide  and  preventing  bump¬ 
ing.  D  is  0°  to  300°  C.  thermometer,  E  a  water-cooled  condenser, 
F  an  adapter  provided  with  vacuum  and  manometer  outlets,  and 
G  a  1-liter  balloon  flask.  This  size  of  apparatus  permits  the 
distillation  of  1-liter  samples,  which  is  desirable  when  physical 
properties  are  to  be  determined  on  the  residual  oil. 

When  only  the  nitrobenzene  content  of  the  mixture  is  desired, 
flask  H  (upper  left  insert,  Figure  3)  is  preferred.  This  is  a  250- 
cc.  distillation  flask  with  the  side  arm  bent  as  shown  in  order  to 
decrease  entrainment  and  is  equipped  with  an  additional  side 
neck  fitted  with  a  capillary  tube  for  admitting  carbon  dioxide 
gas. 

The  freezing  point  apparatus  (right  insert,  Figure  3)  is  made 
of  two  test  tubes,  one  placed  inside  the  other  to  form  an  air- 
jacketed  freezing  point  tube.  A  convenient  size  for  these  tubes 
is  15  and  25  mm.  in  diameter,  respectively.  A  thermometer 
calibrated  in  0.1°  C.  over  the  range  0°  to  6°  C.  is  placed  through 
cork  in  the  inside  tube  and  stirring  is  effected  by  a  wire  loop 
stirrer. 

A  charge  of  approximately  1000  grams  is  weighed  to  0.1  gram 
into  the  weighed  distilling  flask,  A.  The  flask  is  connected  to 
the  Claisen  head  and  the  system  is  evacuated  to  a  pressure  of 
30  mm.  A  small  stream  of  carbon  dioxide  bubbles  is  admitted 
to  the  flask  to  prevent  bumping,  and  the  oil  is  distilled  at  30  mm. 
pressure  until  the  liquid  temperature  reaches  220°  C.  (428°  F.). 
At  this  point,  the  carbon  dioxide  rate  is  increased  somewhat  and 
heating  is  continued  until  a  temperature  of  250°  C.  (482°  F.) 
is  reached  in  order  to  strip  the  residual  oil  of  nitrobenzene.  The 
temperature  is  held  at  this  point  for  3  minutes,  after  which  the 
oil  should  be  free  of  nitrobenzene.  The  flask  and  contents  are 
then  cooled  and  again  weighed.  The  residual  oil  in  the  flask 
represents  the  heavy  oil  in  the  sample.  The  same  procedure  is 
used  in  the  distillation  of  100-gram  samples,  using  flask  H  in¬ 
stead  of  A  and  Claisen  head  B. 

In  order  to  determine  the  oil  in  the  nitrobenzene  overhead,  a 
portion  of  this  material  is  poured  through  the  condenser  and 
adapter  in  order  to  dissolve  any  oil  remaining  from  the  stripping 
procedure,  the  total  distillate  is  mixed,  and  the  air-jacketed  test 


tube  filled  half  full  of  this  mixture.  Two  drops  of  water  are  then 
added  to  the  test  tube  and  the  tube  is  fitted  with  the  thermometer 
and  stirrer.  The  liquid  is  stirred  vigorously  for  a  few  moments 
in  order  to  saturate  the  sample  with  water,  then  placed  in  an  ice- 
and-water  bath,  and  the  freezing  point  determined. 

The  weight-per  cent  of  light  oil  distilling  with  the  nitrobenzene 
is  approximated  from  the  freezing  point  by  the  following  formula: 

Weight-per  cent  of  oil  = 

(5.13  —  freezing  point  °  C.)  X  165  w  . 

- Yq -  X  weight-per  cent  of  distillate. 

5.13°  C.  is  taken  as  the  freezing  point  of  plant  nitrobenzene, 
165  is  the  experimentally  determined  molecular  weight  of  oil 
distilling  with  nitrobenzene,  and  70  is  the  freezing  point  constant 
(6)  of  nitrobenzene.  The  absolute  error  of  the  method  is  about 
±0.5  per  cent. 

Determination  of  Nitrobenzene  in  Water 

While  the  condensed  steam  from  the  vacuum  pumps  and 
the  strippers  of  the  nitrobenzene  plant  will  retain  less  than 
0.2  per  cent  of  nitrobenzene,  even  this  small  amount  can  be 
economically  recovered.  This  is  accomplished  by  vaporizing 
about  10  per  cent  of  the  water,  which  on  condensation  throws 
out  nitrobenzene  while  the  water  condensate  saturated  with 
nitrobenzene  is  reprocessed.  Practically  all  the  nitrobenzene 
will  appear  in  this  distillate  and  the  remaining  90  per  cent  of 
the  water  can  be  discarded. 

The  nitrobenzene  content  of  the  stripped  water  bottoms  is 
determined  by  a  colorimetric  method,  based  on  the  reduction 
of  nitrobenzene  to  aniline  which  forms  a  colored  product  on 
reaction  with  sodium  hypochlorite.  The  color  intensity  is  a 
measure  of  the  nitrobenzene  content  of  the  water  examined. 
This  method  is  a  modification  of  Evolve’s  test  for  aniline  (2). 

Reagents  and  Apparatus:  1  to  1  hydrochloric  acid;  32 
per  cent  hydrochloric  acid;  15  per  cent  potassium  hydroxide; 
15  per  cent  solution  of  cobaltous  chloride  crystals  (CoCl2,  2H20) 
containing  25  cc.  of  32  per  cent  hydrochloric  acid  per  liter;  7.5 
per  cent  solution  of  ferric  chloride  crystals  (FeCl3,  6H20)  contain¬ 
ing  25  cc.  of  32  per  cent  hydrochloric  acid  per  liter;  sodium 
hypochlorite  solution  containing  0.11  per  cent  of  available 
chlorine;  powdered  zinc;  solutions  of  nitrobenzene  in  water, 
0.01,  0.03,  0.04,  and  0.05  per  cent  by  weight;  one  daylight  lamp 
assembly;  a  test-tube  condenser  made  of  a  test  tube  that  will 
fit  the  neck  of  a  250-ce.  Erlenmeyer  flask  and  provided  with  a 
cork  carrying  water  inlet  and  outlet  tubes. 
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Permanent  Color  Standards.  The  permanent  color  stand¬ 
ards  are  prepared  by  taking  the  quantities  of  7.5  per  cent  ferric 
chloride  solution  and  15  per  cent  cobaltous  chloride  solution 
indicated  in  Table  III,  and  making  up  to  100  cc.  in  a  Nessler 
tube  with  water  containing  25  cc.  of  32  per  cent  hydrochloric 
acid  per  liter. 


Preparation  of  Color  Standards 


Table  III. 

Standard 

No. 


1 

2 

3 

4 

5 

6 


7.5  Per  Cent 
FeCL  Solution 
Cc. 

10.0 

7.5 

7.0 

11.0 

12.0 

33.0 


15  Per  Cent 
C0CI2  Solution 
Cc. 

0.7 

1.1 

1.9 

4.0 

5.5 

6.0 


The  Nessler  tubes  containing  these  solutions  should  be 
corked  whenever  not  in  use.  They  should  be  checked 
monthly  against  standard  nitrobenzene  solutions.  The  color 
standards  are  considered  satisfactory  if  they  match  the  colors 
produced  by  samples  of  known  nitrobenzene  content  accord¬ 
ing  to  Table  IV. 


Table  IV.  Checking  of  Color  Standards 


Size  of 
Sample 


Nitrobenzene  Standard  Which  Should 

in  Sample  Cheek  Color  Produced 


Cc. 


% 


10 

20 

10 

10 

10 

20 


0.01  1 

0.01  2 

0.03  3 

0.04  4 

0.05  5 

0.03  6 


Procedure.  If  the  sample  contains  sediment  or  oil,  it  should 
be  filtered.  The  amount  of  sample  taken  will  depend  upon  the 
concentration  expected  (Table  V).  The  required  amount  is 
diluted  to  25  cc.  with  distilled  water  in  a  250-cc.  Erlenmeyer 
flask  which  is  provided  with  the  test-tube  water-cooled  condenser 
extending  into  the  flask  about  11  cm.,  and  15  cc.  of  1  to  1  hydro¬ 
chloric  acid  are  added.  The  solution  is  brought  to  a  boil,  approxi¬ 
mately  0.3  gram  of  zinc  dust  added,  and  the  condenser  replaced  as 
quickly  as  possible.  The  solution  is  allowed  to  stand  for  exactly 
2  minutes  and  is  then  filtered,  cooled  in  ice  water,  and  5  cc.  of 
sodium  hypochlorite  (0.11  per  cent  of  available  chlorine)  are 
added,  followed  by  50  cc.  of  15  per  cent  potassium  hydroxide 
solution.  The  solution  is  again  cooled  in  ice  water,  filtered,  and 
made  up  to  100  cc.  in  a  Nessler  tube  which  is  placed  in  the  tube 
rack.  The  color  of  this  solution  is  compared,  at  the  end  of  30 
minutes  from  the  time  when  the  sodium  hypochlorite  was  added, 
with  the  permanent  color  standards  by  looking  down  through  the 
full  length  of  the  tubes,  a  porcelain  plate  at  the  bottom  of  the 
rack  being  illuminated  by  a  daylight  lamp.  Check  determina¬ 
tions  should  be  run. 


Table  V  gives  the  weight-per  cent  of  nitrobenzene  for  speci¬ 
fied  sizes  of  samples  when  the  color  developed  corresponds  to 
one  of  the  color  standards. 


Figure  4 


Table  V.  Weight-Per  Cent  of  Nitrobenzene  in  Water 


Volume 
of  Sample 
Taken 

1 

2 

Cc. 

% 

% 

20 

0.005 

0.01 

10 

0.01 

0.02 

5 

0  02 

0  04 

2.5 

0.04 

0,08 

—  Standard 

No. 

- N 

3 

4 

5 

6 

% 

% 

% 

% 

0.015 

0.02 

0.025 

0.03 

0.03 

0.04 

0.05 

0.06 

0  06 

0.08 

0.10 

0.12 

0.12 

0.16 

0.20 

0.24 

The  accuracy  of  the  method  is  indicated  by  the  experimental 
data  in  Table  VI. 


Table  VI.  Accuracy  of  Colorimetric  Method  for  Esti¬ 
mating  Nitrobenzene  in  Water 


Nitrobenzene 

Nitrobenzene 

Sample 

Added 

Estimated 

% 

% 

1 

0.005 

0.005 

2 

0.02 

0.017 

2 

0.02 

0.018 

2 

0.02 

0.020 

3 

0.06 

0.058 

3 

0  06 

0.054 

3 

0.06 

0.056 

4 

0.10 

0.10 

4 

0.10 

0.09 

Charge  Stock  Analysis 

In  all  solvent-refining  processes  it  is  necessary  either  to 
avoid  contamination  of  the  solvent  with  lighter  fractions  which 
may  be  brought  into  the  system  by  the  oil  charge  or  else  to 
resort  to  special  methods  of  separating  the  oil  and  solvent. 

If  the  oil  charged  to  the  plant  contains  fractions  of  the  same 
volatility  as  nitrobenzene,  in  stripping  solvent  from  oil  some 
of  the  oil  will  be  taken  off  with  the  solvent  and  so  contaminate 
the  latter  with  a  nonselective  diluent. 

In  the  nitrobenzene  process  the  introduction  of  contaminat¬ 
ing  oil  fractions  into  the  system  is  preferably  and  simply 
avoided  by  proper  steam-stripping  of  the  oil  charge  in  the 
initial  distillation  of  the  crude.  Experience  has  shown  that 
less  than  0.05  weight-per  cent  of  light  fractions  in  the  oil 
charge  gives  negligible  contamination  of  the  solvent  nitro¬ 
benzene.  Consequently,  oil  charge  stocks  are  examined  for 
light  oil  content  for  which  two  test  methods  are  available. 
The  first  method,  for  use  on  stocks  having  an  open-cup  flash 
point  (A.  S.  T.  M.  Designation  D92-33)  above  232°  C. 
(450°  F.)  depends  upon  the  difference  between  the  open- 
and  closed-cup  flash  points  of  the  sample,  while  the  second 
method,  for  use  on  stocks  having  an  open-cup  flash  of  less 
than  232°  C.  (450°  F.)  consists  of  a  double  vacuum  distilla¬ 
tion  and  a  direct  measurement  of  the  light  oil  present  . 

Flash  Difference  Method.  Owing  to  the  presence  of  air 
currents  which  carry  away  small  amounts  of  vaporized  oil, 
the  open-cup  flash  point  of  a  high-flash  oil  is  only  very  slightly 
affected  by  the  presence  of  oil  boiling  in  the  nitrobenzene  range 
in  concentrations  up  to  1.0  per  cent.  On  the  other  hand,  the 
Pensky  Martens  closed-cup  flash  point  is  very  sensitive  to 
small  amounts  of  light  oil.  If  no  light  oil  is  present  the  two 
flashes  will  be  identical  within  the  limits  of  experimental 
error  (±5°  F.  for  each  flash). 

This  phenomenon  has  been  utilized  in  the  determination  of 
low  boiling  oil  in  charge  stocks  to  the  nitrobenzene  plant.  It 
is  very  well  suited  for  this  purpose,  because  both  the  amount 
of  oil  that  will  distill  with  the  nitrobenzene  and  the  effect  that 
it  will  have  on  the  closed-cup  flash  point  of  the  stock  are 
roughly  proportional  to  the  volatility  of  the  oil.  Thus  the 
only  assumption  necessary  regarding  the  characteristics  of 
the  light  oil  is  that  its  initial  boiling  point  is  not  far  below  that 
of  nitrobenzene,  which  has  been  the  case  in  a  variety  of  actual 
stocks  examined.  This  assumption  is  necessary  only  because 
the  lower  boiling  oil  will  tend  to  vaporize  from  the  nitro¬ 
benzene  in  plant  operation  and  be  ejected  from  the  system 
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through  the  vacuum  pumps,  thus  preventing  its  accumulation. 
Figure  4  correlates  the  per  cent  of  low-boiling  oil  with  the 
difference  between  the  open-  and  closed-cup  flashes  for  mix¬ 
tures  of  varying  open-cup  flashes.  Lines  were  drawn  repre¬ 
senting  various  percentages  of  light  material.  For  a  given 
concentration  of  light  oil  the  difference  between  the  open- 
and  closed-cup  flashes  is  much  greater  in  the  case  bf  high 
open-cup  flashes  than  for  low  ones,  and  for  this  reason  the 
method  is  not  satisfactory  when  the  open-cup  flash  is  below 
232°  C.  (450°  F.).  Charge  stocks  which  do  not  fall  in  the 
shaded  area  on  Figure  4  are  not  acceptable  for  the  nitroben¬ 
zene  plant. 

Because  of  the  ±5°  F.  errors  that  cannot  be  avoided  in  the 
flash  determinations,  check  values  should  be  determined  in 
order  to  obtain  the  best  accuracy.  Table  VII  is  typical  of 
the  accuracy  that  can  be -obtained.  The  light  oil  used  for  the 
data  in  this  table  had  a  50  per  cent  boiling  point  of  229°  C. 
and  an  average  molecular  weight  of  196. 


Table  VII.  Accuracy  of  Flash  Difference  Method 


Weight- 

Open-Cup 

Weight- 
Per  Cent 

Per  Cent 

Minus 

of  Light 

Open-Cup  Closed-Cup  Closed-Cup 

of  Light 

Oil  Added 

Flash 

Flash 

Flash 

Oil  Found 

Deviation 

°  F. 

°  F. 

0  005 

555 

555 

0 

0 

-0.005 

0.02 

560 

535 

25 

0.02 

0.00 

0.045 

550 

510 

40 

0.04 

-0.005 

0.045 

560 

500 

60 

0  07 

+0.025 

0.10 

550 

485 

65 

0.08 

-0.02 

0.20 

550 

435 

115 

0.25 

+0.05 

0.23 

545 

440 

105 

0.20 

-0.03 

0.25 

560 

440 

120 

0.24 

-0.01 

0.50 

540 

390 

150 

0  50 

0.00 

0.90 

555 

370 

185 

0.80 

-0.10 

Double 

Distillation. 

For  stocks  hating  an 

open-cup 

flash  of  232°  C.  (450°  F.)  or  lower,  the  preferred  procedure 
is  the  double-vacuum  distillation  which  gives  a  direct  measure 
of  the  light  oil  present.  This  method  is  more  accurate  but 
more  time-consuming  than  the  flash  difference  method. 

The  apparatus  used  for  this  method  is  very  similar  to  that 
illustrated  in  Figure  3  for  determining  nitrobenzene  in  oil.  The 
first  distillation  is  carried  out  in  the  large-scale  apparatus  differ¬ 
ing  from  Figure  3  only  in  that  a  3-liter  flask  is  used  instead  of  a 
2-liter  flask,  and  the  distillate  is  collected  in  a  100-cc.  graduate 
instead  of  the  1-liter  flask  shown.  The  second  distillation  is 
carried  out  in  a  small  apparatus  using  a  100-cc.  Claisen  flask, 
a  small  water-cooled  condenser  about  20  cm.  long  and  inclined 
at  an  angle  of  45°,  and  a  small  adapter  similar  to  that  shown  in 


Figure  3,  and  the  distillate  is  collected  in  a  10-cc.  graduate  cali¬ 
brated  in  0.1-cc.  intervals.  0°to  300°  C.  thermometers  are  used 
in  both  distillations. 

When  the  apparatus  has  been  assembled,  a  charge  of  about 
1300  grams  of  the  stock  to  be  examined  is  placed  in  the  balloon 
flask,  connections  and  stoppers  are  painted  with  collodion  or 
celluloid  solution,  and  the  system  is  evacuated  to  10  mm.  or  less. 
Carbon  dioxide  gas  is  admitted  through  the  capillary  tube  at 
such  a  rate  that  if  the  source  of  vacuum  is  shut  off  the  pressure 
in  the  system  will  fall  at  the  rate  of  about  60  mm.  per  minute. 
This  corresponds  to  a  free  gas  rate  of  about  150  cc.  per  minute. 

Under  these  conditions  50  cc.  of  the  -oil  are  distilled  into  the 
graduate,  keeping  the  condenser  temperature  near  that  of  the 
room.  The  liquid  temperature  in  the  still  should  never  be  al¬ 
lowed  to  rise  above  300°  C.  (572°  F.)  in  order  to  prevent  cracking 
of  the  oil,  and  it  is  advisable  to  keep  the  temperature  as  far  below 
this  point  as  is  practical  by  reducing  the  pressure  below  10  mm. 
The  distillation  is  continued  until  50  cc.  have  been  taken  overhead, 
but  in  no  case  is  a  temperature  of  300°  C.  exceeded.  The  distil¬ 
late  is  then  redistilled  in  the  small  set-up. 

In  the  second  distillation  the  pressure  is  maintained  at  10  mm. 
and  the  material  distilled  slowly  until  the  vapor  temperature 
reaches  152°  C.  (305°  F.).  The  condenser  is  allowed  to  drain  for 
5  minutes  and  the  volume  of  distillate  read  in  the  graduate  to  the 
nearest  0.1  cc.  This  volume  represents  the  quantity  of  low- 
boiling  oil  in  the  weighed  charge  and  may  be  converted  directly 
to  a  weight  percentage  basis  by  assuming  a  specific  gravity  of  0.8 
for  the  distillate.  If  the  weight-per  cent  of  low-boiling  oil  is  more 
than  0.05  per  cent,  the  stock  is  not  acceptable  for  nitrobenzene 
extraction. 

The  absolute  error  of  this  method  is  ±0.02  per  cent. 
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Determination  of  Radium  in  Carnotite  and  Pitchblende 

L.  D.  ROBERTS,  University  of  Southern  California,  Los  Angeles,  Calif. 


RADIUM  is  determined  electroscopically  by  means  of 
radon  which  is  introduced  into  an  electroscope  cham¬ 
ber.  Using  a  Lind  electroscope  the  radium  content  of 
carnotite  or  pitchblende  can  be  estimated  accurately. 

In  the  first  method  proposed  the  ore  is  fused  with  a  mixture 
of  sodium  and  potassium  carbonates  in  a  platinum  boat  (3), 
the  fusion  dissolved  in  nitric  acid,  and  the  radon  collected  in 
an  electroscope  chamber.  The  objection  that  the  fusion 
sometimes  does  not  dissolve,  but  remains  hard  and  glassy 
in  the  boat,  is  met  by  chilling  the  fusion  suddenly  by  partly 
submerging  the  boat  immediately  in  cold  water  on  removal 
from  the  flame  or  furnace.  The  fusion  draws  away  from 
the  boat  and  leaves  the  boat  while  in  the  boiling  nitric  acid. 
In  every  case  all  the  radon  is  removed,  and  the  results  are 
not  low.  This  method  gives  excellent  results. 

Barker  proposed  the  bisulfate  fusion  method  (I).  Later 


he  suggested  the  phosphoric  acid  method  (2),  stating  that  in 
the  bisulfate  method  heating  the  fusion  to  drive  out  the 
radon  breaks  the  test  tubes  by  expanding  the  fusion.  When 
the  fusion  is  rolled  on  the  side  of  the  tube  as  the  fusion  cools, 
the  Pyrex  tubes  are  never  broken. 

All  these  methods  give  good  results,  and  may  be  applied 
to  any  product  from  carnotite  or  pitchblende  containing 
radium.  Scott  (4)  gives  methods  for  the  analysis  of  radio¬ 
active  solutions. 

Literature  Cited 

(1)  Barker,  H.  H.,  J.  Ind.  Eng.  Chem.,  10,  525-7  (1918). 

(2)  Baumgarten,  C.  E.,  and  Barker,  H.  H.,  Ibid.,  15,  597-9  (1923). 

(3)  Lind,  S.  C.,  Bur.  Mines  Bull.  212  (1923). 

(4)  Scott,  W.  W.,  “Standard  Methods  of  Chemical  Analysis,”  New 

York,  D.  Van  Nostrand  Co.,  1929. 

Received  November  19,  1935. 


A  Method  of  Analysis  for  Fluoride 

Application  to  Determination  of  Spray  Residue  on  Food  Products 

W.  M.  HOSKINS  AND  C.  A.  FERRIS,  University  of  California,  Berkeley,  Calif. 


THE  widespread  use  of  fluorine  compounds  as  insecticides 
and  the  establishment  by  the  Federal  Government  of  a 
tolerance,  or  upper  limit  to  the  amount  of  added  fluorine 
which  may  be  present  on  or  in  foodstuffs,  have  combined  to 
stimulate  interest  in  the  quantitative  determination  of  minute 
amounts  of  this  element.  Consequently,  several  dozen  pub¬ 
lications  on  various  methods  of  analysis  have  recently  ap¬ 
peared.  Work  on  the  subject  was  undertaken  in  this  labora¬ 
tory  in  connection  with  a  study  of  the  amounts  of  arsenic, 
lead,  and  fluorine  which  occur  on  fruit  sprayed  in  various 
ways  for  the  control  of  the  codling  moth  in  California. 

Preliminary  experiments  with  several  suggested  methods 
indicated  the  superiority  of  the  reaction  between  fluoride  and 
thorium  ions  in  the  presence  of  an  indicator  sensitive  to  ex¬ 
cess  thorium.  Accordingly,  an  intensive  investigation  has 
been  made  of  Armstrong’s  (I)  modification  of  the  Willard 
and  Winter  (14)  method  which  involves  the  titration  in  50  per 
cent  alcohol  of  fluoride  ion  with  standard  thorium  solution  in 
the  presence  of  sodium  alizarin  sulfonate.  For  comparison, 
the  Sanchis  (9)  method  adapted  from  that  of  Thompson  and 
Taylor  (12),  which  depends  upon  the  bleaching  effect  of 
fluoride  ion  upon  a  zirconium-alizarin  complex,  has  been  used 
in  certain  cases. 

Titration  with  Standard  Thorium  Solutions 

Standard  fluoride  solutions  were  prepared  from  recrystallized 
c.  p.  sodium  fluoride.  Their  accuracy  was  checked  by  the  stand¬ 
ard  method  of  precipitation  as  CaF2  (10).  Stock  solutions  were 
made  0.05  M  and  dilutions  to  lower  concentrations  as  needed. 
Very  dilute  solutions  of  sodium  fluoride,  such  as  0.001  M,  de¬ 
crease  in  strength  if  kept  in  glass  vessels,  but  if  the  containers 
are  lined  with  paraffin  the  concentration  remains  constant  for 
long  periods.  Thorium  solutions,  approximately  0.05  M,  were 
made  from  c.  p.  thorium  nitrate  and  were  standardized  by  pre¬ 
cipitating  as  thorium  oxalate,  heating,  and  weighing  as  the  diox¬ 
ide.  The  solutions  were  then  diluted  to  0.01  M  or  0.001  M  for 
use.  These  dilute  solutions  were  made  at  intervals  of  2  to  3 
weeks,  though  they  appear  to  be  stable  for  longer  periods.  Com¬ 
parison  of  the  dilute  standard  solutions  of  fluoride  and  thorium 
by  the  method  to  be  described  gave  excellent  agreement. 

The  first  experiments  followed  the  procedure  of  Armstrong. 
It  was  soon  found  that  three  factors  must  be  carefully  con¬ 
trolled  in  order- to  obtain  duplicable  results:  the  volume  of 
indicator  added,  the  intensity  of  color  in  the  blank  and  un¬ 
known,  and  the  acidity.  The  first  two  are  inseparably  con¬ 
nected,  for  the  more  indicator  used  the  smaller  is  the  volume 
of  thorium  solution  required  to  produce  a  given  intensity  of 
color  in  the  blank.  As  judged  by  the  eye,  the  pink  color  is 
most  sensitive  to  changes  in  the  amount  of  thorium  added 
when  its  intensity  is  very  low.  It  is  not  advisable  to  use  large 
amounts  of  indicator  in  order  to  reduce  the  thorium  needed  in 
the  blank,  because  the  pink  tint  is  masked  by  the  yellow  color 
of  the  indicator  where  much  is  used  in  acid  solution.  Sum¬ 
marizing  a  large  number  of  experiments,  it  may  be  said  that 
when  a  volume  of  50  cc.  is  used  for  the  blank,  0.040  cc.  of  a 
0.05  per  cent  aqueous  solution  of  sodium  alizarin  sulfonate — 
i.  e.,  the  concentration  of  the  indicator  in  the  solution  is  4  X 
10  “5  per  cent— plus  0.040  to  0.070  cc.  of  0.001  M  thorium 
solution  gives  a  faint  pink  color  which  is  very  suitable  for 
matching  and  is  very  sensitive  to  thorium  ion.  For  other 
volumes  in  the  blank,  proportional  amounts  of  the  reagents 
should  be  used.  It  is  advisable  to  run  a  fresh  blank  with  each 
unknown,  for  the  color  slowly  becomes  more  intense  as  the 


solutions  are  allowed  to  stand.  This  is  undoubtedly  due  to 
slowness  of  one  or  more  of  the  reactions  which  are  involved  in 
the  equilibrium  between  Th  +  +  ++,  F~,  and  sodium  alizarin 
sulfonate.  In  the  somewhat  analogous  method  used  by 
Thompson  and  Taylor  (12)  and  by  Sanchis  (9) — i.  e.,  the 
bleaching  of  red  zirconium  alizarin  sulfonate  by  fluoride — 
the  solutions  are  brought  to  boiling  to  hasten  the  establish¬ 
ment  of  equilibrium,  which  is  said  to  require  48  hours  in  the 
cold. 

Effect  of  Acidity  and  Use  of  Buffer 

Previous  workers  have  paid  scant  attention  to  the  acidity  of 
the  solution  during  titration.  The  usual  directions  have  been 
to  destroy  the  pink  color  with  1  to  50  hydrochloric  acid  solu¬ 
tion  (0.24  N)  before  adding  the  thorium  solution.  For  pre¬ 
cise  work,  however,  the  acidity  is  important.  If  the  solution 
is  decolorized,  but  no  excess  acid  is  added,  extremely  low 
values  are  obtained.  The  addition  of  one  drop  of  acid  in 
excess  usually  is  satisfactory,  but  larger  amounts  of  acid  lead 
to  the  use  of  too  much  thorium  solution  (Table  I).  Vanselow 
(13)  of  the  Citrus  Experiment  Station  has  found  the  same 
effect  for  excess  acid.  While  it  is  possible  to  control  the 
acidity  by  careful  use  of  dilute  hydrochloric  acid,  the  use  of  a 
buffer  offers  advantages.  Preliminary  experiments  using 
the  indicator  bromophenol  blue,  indicated  that  the  most  de¬ 
sirable  pH  was  approximately  3.5.  In  order  to  give  this  pH 
at  half  neutralization — i.  e.,  at  maximum  buffering  power — 
a  buffer  acid  must  have  a  paK  of  the  same  magnitude.  The 
data  of  Jukes  and  Schmidt  (5)  show  that  paK  for  acetic  acid 
is  increased  by  about  0.7  in  passing  from  water  to  50  per  cent 
alcohol.  Hence,  it  seemed  probable  that  the  paK  of  the  re¬ 
lated  acid,  monochloroacetic,  which  is  2.8  in  water,  would  be 
approximately  3.5  in  a  mixture  containing  equal  parts  of  com¬ 
mercial  95  per  cent  alcohol  and  water — i.  e.,  about  48  per  cent 
alcohol. 

The  behavior  of  chloroacetic  acid  in  48  per  cent  alcohol  was 
investigated  by  determining  the  pH  of  solutions  containing 
2.00  cc.  of  1  M  monochloroacetic  acid  solution  and  varying 
volumes  of  1  M  sodium  hydroxide  solution  in  a  total  volume 
of  100  cc.  A  hydrogen  electrode  was  used  and  a  glass  elec¬ 
trode  was  standardized  in  the  same  solutions.  The  results 
are  given  in  columns  1  and  2  of  Table  I. 

Table  I.  pH  of  Chloroacetic  Acid-Sodium  Hydroxide 
Buffers  (0.02  M)  in  48  Per  Cent  Alcohol 

Relative  Volumes  of  Th  +  +  +  +  Solution 
Blank  and  test  solu¬ 
tion  at  same  buffer 


Molecular  Ratio 

Blank  at  constant 

ratio,  volume  at  0.5 

Acid:  Base 

pH 

buffer  ratio  0.5 

taken  as  unity 

1:0.2 

2.95 

1.411 

1.050 

1:0.3 

1.292 

1.000 

1:0.4 

3.39 

1.171 

1.000 

1:0.5 

1.000 

1.000 

1:0.6 

3.73 

0.975 

1.000 

1:0.7 

0.903 

0.957 

1:0.8 

4.17 

0.768 

0.811 

A  plot  of  these  results  shows  that  at  half  neutralization  the 
pH  is  3.55,  which  is  accordingly  the  paK  value  of  chloroacetic 
acid  in  equal  parts  by  volume  of  water  and  commercial  ethyl 
alcohol.  The  corresponding  dissociation  constant,  Ka,  is 
2.8  X  10  “4.  It  was  necessary  to  prove  that  this  buffer  is 
able  to  maintain  a  constant  pH  during  the  titration  with  tho- 
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riiim  solution.  Typical  titrations  were  made  with  varying 
amounts  of  fluoride  ion  present  and  the  various  buffer  mix¬ 
tures  present  at  0.02  M  concentration.  The  hydrogen  elec¬ 
trode  did  not  function  in  the  presence  of  the  indicator,  but  the 
glass  electrode  gave  very  steady  potentials  exactly  equal  in  all 
cases  to  those  previously  obtained  in  the  buffer  solutions 
alone.  Since  it  may  be  necessary  to  analyze  samples  con¬ 
taining  considerable  acid  or  base,  the  most  desirable  procedure 
is  to  bring  the  solution  to  the  approximate  transition  point 
of  the  indicator  with  dilute  acid  or  base — e.  g.,  0.05 N  hydro¬ 
chloric  acid  or  sodium  hydroxide — before  adding  the  buffer 
solutions. 

The  third  column  of  Table  I  shows  how  greatly  the  volume 
of  thorium  solution  required  to  obtain  an  end  point  is  altered 
at  various  pH  values  of  the  test  solution  when  the  blank  is 
held  at  a  constant  buffer  ratio  of  0.5.  It  is  obviously  not 
possible  to  obtain  accurate  results  except  over  a  very  narrow 
pH  range.  In  the  last  column  it  is  shown  that  when  the 
blank  and  test  solutions  have  the  same  pH  a  much  wider 
range  is  allowable.  The  buffer  ratio  0.5,  at  which  the  pH  is 
3.55,  is  seen  to  be  in  the  middle  of  the  favorable  range.  The 
above  results  at  once  raise  the  question  of  how  greatly  the 
pH  of  a  48  per  cent  alcohol  solution  varies  when  treated  with  a 
dilute  solution  of  hydrochloric  acid  as  in  the  ordinary  adjust¬ 
ment  of  acidity  according  to  the  directions  of  Willard  and 
Winter  (1 4)  and  of  Armstrong  (I).  For  the  sake  of  greater 
delicacy,  tests  were  made  in  which  0.05  N  hydrochloric  acid 
was  used  instead  of  the  0.24  N  (1  to  50)  recommended  by  the 
above  workers,  so  that  the  changes  in  pH  were  smaller  than 
with  corresponding  volumes  of  stronger  acid  solution.  The 
results  are  given  in  Table  II.  A  comparison  of  Tables  I  and 
II  will  show  what  very  serious  errors  result  from  the  inevitable 
inaccuracy  involved  in  trying  to  add  one  drop  of  0.24  N  acid 
in  excess  to  an  unbuffered  solution. 

Table  II.  Effect  of  pH  upon  Color  of  Sodium  Alizarin 
Sulfonate  in  50  Per  Cent  Commercial  Alcohol 


Volume  of  Acid 
pH 

0.000 

8.8 

0.030 

7.2 

0.045 

6.3 

0.075 

5.2 

0.085 

4.8 

0.145 

4.1 

Color 

Pink 

Pale 

pink 

Very 

pale 

pink 

Very 

pale 

yellow 

Pale 

yellow 

Yellow 

In  Table  II  is  shown  also  the  effect  of  pH  upon  the  color  of 
sodium  alizarin  sulfonate  in  50  per  cent  commercial  alcohol  as 
determined  by  adding  0.05  N  hydrochloric  acid  in  small  incre¬ 
ments  to  50  cc.  of  solution  containing  0.04  cc.  of  0.05  per  cent 
solution  of  the  indicator  and  made  slightly  basic  at  the  start. 
The  pH  was  determined  with  the  glass  electrode.  Kolthoff 
and  Furman  (6)  state  that  the  color  changes  occur  in  water 
in  the  pH  range  3.7  to  5.2. 

It  is  obvious  that  the  equilibrium  between  the  acidic  and 
salt  forms  of  the  indicator  occurs  in  the  alcoholic  solution  in  a 
more  alkaline  range  than  in  water,  which  is  in  agreement  with 
the  behavior  of  most  weak  acids. 


to  their  procedure  of  standard  fluoride  solutions  ranging  in 
concentration  from  0.0004  M  to  0.004  M. 

The  limiting  factor  seems  to  be  the  slowness  with  which 
equilibrium  is  reached  near  the  end  point.  As  mentioned 
before,  the  color  of  the  blank  slowly  becomes  more  intense. 
For  larger  amounts  of  fluorine  the  uncertainty  thus  introduced 
is  negligible,  but  with  small  amounts  the  unavoidable  differ¬ 
ence  in  age  of  the  blank  and  test  solutions  may  cause  an  ap¬ 
preciable  error.  This  may  be  eliminated  to  some  extent  by 
using  a  second  blank  which  is  matched  against  the  sample. 
The  average  of  the  volumes  of  thorium  solution  used  in  the 
two  blanks  is  used.  Attempts  to  speed  up  the  attainment  of 
equilibrium  by  running  the  titrations  at  60°  C.  were  not  suc¬ 
cessful,  for  the  red  thorium  alizarin  sulfonate  was  rapidly 
coagulated. 

There  is  no  a  priori  reason  for  using  a  volume  as  large  as  50 
cc.  for  titration,  so  a  series  of  experiments  was  made  in  which 
the  volume  was  made  up  to  5  cc.  Small  matched  test  tubes 
were  used  and  it  was  found  easy  to  obtain  the  same  accuracy 
with  6  to  90  y  of  fluoride  as  with  the  larger  amounts  in  50  cc. 

For  purposes  of  comparison  with  an  entirely  different 
method  of  analysis  two  series  of  solutions  from  fruits  and 
vegetables  treated  with  fluoride  sprays  were  tested  by  the 
present  method  and  by  that  of  Sanchis  ( 9 ).  Over  the  range 
from  4  to  400  y  of  fluorine  in  25  cc.  the  latter  method  gave 
results  which  average  3.6  per  cent  higher  than  those  obtained 
by  titration.  In  many  cases  agreement  was  very  close,  but 
occasionally  samples  run  by  the  Sanchis  method  were  quite 
different  in  color  from  the  standards. 

Interfering  Substances 

When  fluoride  is  present  in  solutions  containing  possible 
interfering  ions  or  compounds,  the  recommendation  is  usually 
made  that  it  be  isolated  by  distillation  from  perchloric  or 
sulfuric  acid  solution.  Under  such  conditions,  however,  the 
halides,  nitrate,  sulfite,  and  other  rarer  contaminants  are  also 
distilled  and  the  possibility  always  exists  that  nonvolatile 
substances  will  be  carried  into  the  distillate  as  spray.  For 
these  reasons  a  study  has  been  made  of  the  effects  of  a  number 
of  ions  at  various  concentrations  in  order  to  determine,  at 
least  approximately,  the  maximum  amounts  which  may  be 
tolerated  in  the  fluoride  solution.  This  depends,  of  course, 
upon  the  amount  of  fluoride  used  and  upon  the  accuracy  de¬ 
sired.  The  tests  were  made  with  1.00  cc.  of  0.003  M  sodium 
fluoride  solution  in  a  total  volume  of  50  cc.  Varying  amounts 
of  the  sodium  salts  of  each  ion  were  added  and  the  pH  was  ad¬ 
justed  as  described  above.  In  Table  III  the  concentrations 
are  stated  at  which  an  appreciable  increase  in  volume  of 
thorium  solution  was  required.  The  precise  concentrations 
at  which  interference  first  develops  is  accordingly  a  little 
lower  than  the  figures  given.  If  a  stronger  pink  color  is  taken 
as  the  end  point  of  the  titration,  interference  occurs  at  lower 
concentrations. 


Accuracy  and  Delicacy  of  the  Titration 


Table  III.  Effect  of  Various  Ions  upon  Titration  of 
Fluoride  with  Thorium 


The  procedure  described  above  has  been  used  many  times  in 
titrations  of  standard  solutions  of  sodium  fluoride.  The 
range  of  concentration  before  addition  of  alcohol  was  from 
0.00012  M  to  0.0016  M — i.  e.,  2.3  to  30.4  p.  p.  m.  as  fluorine. 
The  total  fluoride  in  25  cc.  therefore  varied  from  57  to  760  y. 
The  maximum  errors  were  +3.7  and  —2.7  per  cent,  with  an 
average  error  of  — 1.0  per  cent.  No  distinct  variation  in  per¬ 
centage  error  occurred  as  the  concentration  of  fluoride  was 
varied  over  this  range.  This  is  a  somewhat  smaller  average 
error  than  that  of  — 1.7  per  cent  which  may  be  calculated  from 
the  data  of  Willard  and  Winter  (14)  for  the  titration  according 


Ion 


Concn.  for 

Appreciable  Effect  Ion 


Concn.  for 
Appreciable  Effect 


Halogens 

N03- 

CIO4- 

S03~_ 


0.1  M 
0.1  M 
0.1  M 
0.002  M 


AsOa -  1  X  10-'  M 

SOL"  1  X  10 -e  M 

As04 -  1  X  10-6  m 

PO4 -  <1  X  10-6  m 


The  only  halogen  ion  which  is  likely  to  be  encountered  at 
concentrations  high  enough  to  interfere  is  chloride.  It  was 
found,  however,  that  by  adding  an  equal  amount  of  it  to  the 
blank  the  effect  is  made  equal  in  sample  and  blank  and  hence 
no  error  results.  Similar  observations  concerning  the  effects 
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of  chloride  and  sulfate  have  been  made  by  Sanchis  ( 9 )  and  of 
chloride  and  nitrate  by  Bowes  (8) .  The  tests  with  sulfite  were 
complicated  by  the  fact  that  all  available  so-called  c.  p.  sam¬ 
ples  were  contaminated  with  sulfate.  When  this  was  re¬ 
moved  by  adding  excess  barium,  an  error  was  introduced  on 
account  of  the  formation  in  the  alcoholic  solution  of  insoluble 
or  slightly  ionized  barium  fluoride.  It  is  probable  that  this 
compound  will  yield  its  fluoride  to  thorium  ion,  but  the  equi¬ 
librium  is  established  too  slowly  for  practical  purposes.  But 
by  precipitation  of  the  sulfate  with  the  minimum  amount  of 
barium  a  solution  of  pure  sulfite  was  obtained  and  its  effect 
determined. 

Interference  by  sulfate  at  such  low  concentration  is  sur¬ 
prising,  since  thorium  sulfate  is  soluble  in  water  to  the  extent 
of  approximately  1  per  cent.  However,  the  conductivity 
measurements  of  Barre  (2)  show  that  a  0.001  M  solution  in 
water  is  by  no  means  completely  dissociated,  and  it  is  to  be 
expected  that  weakness  of  the  salt  will  be  greatly  increased  in 
the  presence  of  alcohol.  Phosphate  appears  to  react  quanti¬ 
tatively  with  thorium.  Interference  from  this  ion  was  noted 
previously  by  Reynolds  (7). 

It  is  possible  to  prepare  a  solution  of  fluoride  free  from  the 
most  harmful  ions  by  distillation  as  hydrofluosilicic  acid  ac¬ 
cording  to  the  procedure  of  Willard  and  Winter  (14)-  Either 
perchloric  or  sulfuric  acid  may  be  used,  but  the  serious  effects 
produced  by  the  slightest  trace  of  sulfate  carried  over  as 
spray,  or  volatilized  if  the  temperature  gets  too  high,  pro¬ 
vide  an  argument  in  favor  of  perchloric  acid.  Certain  differ¬ 
ences  in  the  behavior  of  the  two  acids  have  been  noted  by 
Shuey  (11)  when  organic  matter  is  present.  Some  lots  of 
c.  p.  sulfuric  acid  contain  a  volatile  impurity  which  greatly 
increases  the  volume  of  thorium  solution  required  to  produce  a 
light  pink  color  with  the  indicator.  Its  nature  has  not  been 
determined,  but  it  can  be  removed  completely  by  boiling  the 
concentrated  sulfuric  acid  vigorously  for  a  few  minutes. 
Only  a  small  part  of  this  effect  is  due  to  fluoride  in  the  sulfuric 
acid.  Data  on  this  are  given  below. 

Preparation  of  Samples  for  Analysis 

This  paper  is  not  primarily  concerned  with  the  practical 
analysis  of  various  materials  which  contain  fluorine,  since 
that  phase  of  the  investigation  is  to  be  reported  elsewhere. 
However,  certain  data  and  observations  are  appropriate  here. 
In  agreement  with  other  workers  it  has  been  found  that  or¬ 
ganic  matter  is  destroyed  most  satisfactorily  by  heating  in  a 
muffle  furnace.  Vegetable  or  fruit  material  should  be  divided 
very  finely  and  mixed  intimately  with  a  known  weight  of  high- 
grade  calcium  hydroxide  powder  in  a  porcelain  dish.  Suffi¬ 
cient  reagent  must  be  used  to  maintain  a  basic  condition 
throughout  the  rest  of  the  process.  Two  grams  are  sufficient 
for  50  to  100  grams  of  the  numerous  kinds  of  fruits  and  vege¬ 
tables  so  far  investigated. 

After  thorough  drying,  first  on  a  water  bath  and  then  on  a  low- 
temperature  sand  bath  until  slight  charring  is  noticeable,  the 
sample  is  placed  in  a  muffle  furnace  and  ashed.  The  results  of  a 
study  of  the  effects  of  different  furnace  temperatures  will  be 
discussed  below.  Forty  cubic  centimeters  of  a  50  per  cent  solu¬ 
tion  of  the  previously  boiled  and  cooled  sulfuric  acid  and  0.5  gram 
of  fine  silica  are  added  to  a  250-cc.  distilling  flask  equipped 
with  trap  and  condenser  and  the  ash  is  quantitatively  intro¬ 
duced.  The  porcelain  dish  sometimes  retains  a  portion  of  the  ash. 
To  insure  the  removal  of  all  fluorine  the  dish  is  treated  for  several 
minutes  with  a  few  cubic  centimeters  of  sulfuric  acid  which  is 
then  added  to  the  distilling  flask.  A  few  cubic  centimeters  of 
distilled  water  are  placed  in  the  receiving  flask  in  order  to  cover 
the  outlet  of  the  condenser.  The  distilling  flask  is  heated  with  a 
Bunsen  burner  and  an  auxiliary  flask  filled  with  distilled  water  is 
heated  simultaneously  and  steam  is  passed  from  the  latter  vessel 
into  the  distilling  flask.  By  regulation  of  the  two  burners  it  is 
easily  possible  to  hold  the  temperature  of  distillation  at  any  de¬ 
sired  point. 


The  results  of  distillations  at  various  temperatures  may  be 
summarized  as  follows:  Below  110°  C.  very  little  fluoride  is 
volatilized;  from  110°  to  130°  volatilization  is  increasingly 
efficient  but  is  not  complete  enough  with  reasonable  volumes 
of  distillate;  above  130°  up  to  the  temperature  at  which  phos¬ 
phates  and  sulfates  may  be  distilled,  the  hydrofluosilicic  acid 
is  rapidly  volatilized;  140°  C.  was  chosen  as  the  most  satis¬ 
factory  temperature.  When  the  above  method  of  distillation 
was  apphed  to  a  large  number  of  ash  samples  from  fruits  and 
vegetables  an  average  of  96.7  per  cent  of  the  total  fluorine 
which  could  be  volatilized  was  recovered  from  the  first  150 
cc.  For  practical  purposes  distillation  of  200  cc.  was  found 
to  reduce  the  loss  to  a  negligible  point.  Similar  results 
have  been  obtained  by  Vanselow  (13)  who  has  used  an  analo¬ 
gous  method  of  distillation.  Winter  and  Butler  (15)  found 
that  only  50  to  75  cc.  need  be  distilled  from  perchloric  acid 
solution.  The  observation  of  Reynolds  (7)  that  the  siliceous 
coating  which  forms  on  the  inside  of  the  distilling  flask  holds 
back  fluoride  from  solutions  rich  in  that  element  and  liberates 
it  later  to  samples  deficient  in  fluorine,  was  also  noted  in  the 
present  work;  so  the  removal  of  such  films  with  alkali  at 
frequent  intervals  was  adopted  as  a  standard  procedure. 

A  series  of  runs  in  which  a  known  amount  of  sodium  fluoride 
was  added  to  50-gram  lots  of  crushed  ripe  apples  was  made  in 
order  to  test  the  accuracy  of  the  whole  method  and  in  par¬ 
ticular  the  effect  of  burning  at  different  temperatures.  A 
solution  of  sodium  fluoride  containing  1785  y  of  fluorine  was 
added  to  each  sample  and  the  burning,  distillation,  and  titra¬ 
tion  were  carried  out  as  described  before.  The  results  for 
four  different  temperatures  of  the  muffle  furnace  and  lengths 
of  time  in  it  are  given  in  Table  IV.  All  temperatures  were 
determined  with  a  calibrated  chromel-alumel  thermocouple 
and  milh voltmeter. 

Table  IV.  Effect  of  Temperature  and  Time  in  Muffle 

Furnace 


Temperature 

Appearance 

Recovery  of 

of  Furnace 

Time 

of  Ash 

Fluorine 

0  C. 

Min . 

% 

520 

120 

Dark 

86.1 

620 

60 

Light 

93.7 

720 

20 

Dark 

97.3 

820 

10 

Dark 

75.2 

These  recoveries  of  added  fluorine  agree  closely  with  the  re¬ 
sults  of  similar  experiments  by  Reynolds  et  al.  (8)  and  Winter 
and  Butler  (15).  The  serious  loss  in  only  10  minutes’  heating 
at  820°  C.  is  particularly  striking.  Since  the  lime  used  to 
“fix”  the  fluoride  during  drying  and  ashing  of  the  sample  con¬ 
tained  some  fluoride  as  an  impurity,  a  series  of  runs  was  made 
with  different  amounts  of  calcium  hydroxide  carried  through 
the  entire  process.  From  the  consistent  results  obtained 
allowance  could  be  made  for  the  fluoride  in  any  amount  of 
lime  plus  the  standard  amount  of  sulfuric  acid  and  silica. 
Various  lots  of  supposedly  c.  p.  calcium  hydroxide  were  found 
to  differ  in  fluoride  content  from  approximately  30  parts  per 
million  to  nearly  100.  For  most  purposes  it  does  not  seem 
necessary  to  prepare  fluorine-free  lime  as  recommended  by 
Dahle  (4).  Various  lots  of  c.  p.  sulfuric  acid  differ  consider¬ 
ably  in  fluoride  content,  four  bottles  varying  from  a  minimum 
of  0.3  to  a  maximum  of  19  parts  per  million.  Previous 
workers  have  attributed  the  failure  to  secure  complete  re¬ 
covery  of  fluoride  added  to  organic  matter  to  either  loss  during 
ashing  or  incomplete  volatilization.  The  present  work  in¬ 
dicates  that  loss  during  ashing  is  much  more  likely  to  ex¬ 
plain  the  discrepancy.  However,  it  is  possible  that  the  re¬ 
actions  which  form  complex  fluorides  that  are  stable  in  hot 
acid  solution  occur  only  when  ashing  is  done  at  a  high  tem¬ 
perature.  For  this  reason  and  in  the  hope  of  overcoming  all 
difficulties  connected  with  the  use  of  a  muffle  furnace,  a. 
method  of  ashing  based  upon  combustion  in  oxygen  is  now¬ 
being  studied. 
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Summary 

The  estimation  of  fluoride  by  titration  with  standard 
thorium  solution  in  the  presence  of  sodium  alizarin  sulfonate 
as  indicator  has  been  studied.  The  most  favorable  procedure 
includes  the  use  of  the  indicator  at  a  concentration  of  4  X 
10  ~5  per  cent,  in  a  total  volume  of  50  cc.,  titration  to  match  a 
blank  in  which  the  end  point  is  taken  at  a  very  light  pink 
shade,  and  careful  regulation  of  the  pH  in  both  blank  and 
sample,  the  most  favorable  pH  being  3.5.  This  latter  con¬ 
dition  is  readily  met  by  the  use  of  the  buffer  system  of  sodium 
hydroxide  and  chloroacetic  acid  at  a  ratio  of  0.5  and  total  con¬ 
centration  of  0.02  M.  The  dissociation  constant  of  chloro¬ 
acetic  acid  in  50  per  cent  commercial  alcohol  has  been  found 
to  be  2.8  X  10  _4.  Sodium  alizarin  sulfonate  in  this  alcoholic 
solution  acts  as  an  indicator  for  hydrogen  ion  over  the  pH 
range  4.8  to  7.2  instead  of  3.7  to  5.2  as  in  water.  In  a  volume 
of  50  cc.  an  average  accuracy  of  99  per  cent  has  been  secured 
with  known  amounts  of  fluoride  ranging  from  57  to  760  7  of 
fluorine.  With  5-cc.  volumes  approximately  the  same  accu¬ 
racy  is  possible  with  6  to  90  7  of  fluorine. 

Data  are  given  regarding  the  concentrations  at  which 
several  interfering  ions  have  an  effect.  The  most  serious  of 
these  are  sulfate,  arsenate,  and  phosphate,  which  fortunately 
are  left  behind  when  the  fluoride  is  distilled  as  hydrofluosilicic 
acid.  Sulfuric  acid  is  entirely  suitable  for  the  distillation  and 
a  volume  of  200  cc.  distilled  at  140°  C.  accounts  for  all  but  a 
trace  of  the  fluoride.  In  the  ashing  of  fruit  samples  contain¬ 
ing  fluoride  for  distillation  it  is  very  important  not  to  allow  the 
temperature  to  reach  above  800°  C.,  for  loss  is  then  exces¬ 
sive.  Allowance  must  be  made  for  the  fluoride  contained  in 
the  lime  which  is  added  to  the  sample  before  ashing.  Re¬ 


covery  of  fluoride  added  to  apple  pulp  was  97.3  per  cent  under 
the  most  favorable  conditions. 
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Iodometric  Determination  of  Copper 

Adjustment  of  Hydrogen-Ion  Concentration 
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ARK  (S)  has  recently  described  a  method  of  determining 
copper  in  the  presence  of  ferric  iron  and  arsenic  acid. 
By  his  method  an  iodometric  titration  is  carried  out  in  a  solu¬ 
tion  containing  ammonium  bifluoride  and  potassium  bi- 
phthalate.  He  states  that  the  purpose  of  the  bifluoride  is  to 
suppress  the  action  of  the  ferric  iron  on  potassium  iodide,  and 
that  the  biphthalate  forms  a  buffer  solution  in  which  the  pH 
is  about  4.0,  a  value  sufficiently  high  to  cause  no  appreciable 
oxidation  of  iodide  by  the  arsenic  acid. 

The  problem  of  pH  adjustment  can  be  best  understood  if 
we  consider  the  technic  involved  in  the  process.  After  de¬ 
composition  of  the  ore  with  mineral  acid,  sufficient  ammonium 
hydroxide  is  added  to  neutralize  the  excess  mineral  acid, 
arsenic  acid,  etc.,  precipitate  the  iron,  convert  the  copper  to 
the  cupric  ammonia  complex,  and  produce  a  slight  odor  of 
ammonia.  The  bifluoride  and  biphthalate  are  then  added. 
It  is  assumed  that  if  the  proper  amount  of  biphthalate  is 
added,  the  concentrations  of  phthalate  and  of  biphthalate 
will  be  such  as  to  produce  an  effective  buffer  solution  at  the 
pH  desired.  It  is  evident  that  an  effective  buffer  action  is 
necessary  to  allow  for  a  reasonable  variation  in  the  amounts 
of  excess  ammonium  hydroxide  and  of  the  other  substances 
which  react  with  the  weak  acid.  In  this  process  the  possi¬ 
bility  of  the  bifluoride’s  acting  as  a  buffer  evidently  has  been 
overlooked.  Hudleston  and  his  co-workers  ( 1 )  have  shown 


that  hydrogen  fluoride  in  its  aqueous  solutions  undergoes  the 
following  equilibria : 

H+  +  F-  —  HF  K!  =  ftf=^  =  6.9  X  10~4  (25°  C.)  (1) 

[HE  ] 

HF  +  F-  HF2-  K2  =  ^fhf-]  =  47  (25°  a)  (2) 

The  ionization  constant  of  biphthalate  at  25°  C.  is  3.1  X 
10~6.  To  obtain  a  pH  of  4.0,  the  ratio  of  concentrations  of 
biphthalate  to  phthalate  should  be  about  32  to  1,  while  the 
ratio  of  concentrations  of  hydrofluoric  acid  to  fluoride  should 
be  about  1  to  7.  At  this  pH  the  hydrofluoric  acid  should  be 
a  much  more  effective  buffer  than  the  biphthalate  and  the 
pH  at  which  it  has  maximum  buffer  efficiency  is  about  3.2. 
It  seems  reasonable  to  suppose,  therefore,  that  it  should  be 
practicable  to  add  such  an  amount  of  bifluoride  that  the  con¬ 
centrations  of  fluoride  and  of  hydrofluoric  acid  formed  would 
be  sufficient  not  only  to  produce  the  ferric  complex  but  also 
to  yield  simultaneously  a  buffer  solution  at  a  pH  between  3 
and  4. 

It  is  the  purpose  of  the  present  paper  to  show  that  under 
the  conditions  described  by  Park  the  pH  at  the  end  point  is 
nearer  3.3  than  4.0,  that  this  pH  is  high  enough  to  insure  no 
appreciable  reaction  between  iodide  and  arsenic  acid,  that 
the  biphthalate  plays  practically  no  part  in  the  adjustment 
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of  the  pH,  and  that  it  may  be  omitted  without  any  material 
effect  on  the  accuracy  or  precision  of  the  method. 

Reagents 

The  cupric  sulfate  solution  was  prepared  from  the  salt 
which  had  been  twice  recrystallized  from  a  solution  of  the 
c.  p.  pentahydrate,  and  was  made  0.1152  M  in  copper  sulfate. 
The  concentration  of  this  solution  was  determined  electro- 
lytically,  and  iodometrically  by  titration  with  thiosulfate 
solution  which  had  been  standardized  against  pure  copper 
foil.  Results  by  the  two  methods  agreed  within  less  than 
0.2  per  cent. 

The  sulfuric  acid,  ammonium  hydroxide,  potassium  iodide, 
sodium  thiosulfate,  and  potassium  biphthalate  consisted  of 
c.  p.  reagents  which  conformed  to  the  standards  of  Murray  (2). 

The  iron  and  arsenic  added  as  impurities  were  supplied  from 
solutions  of  c.  p.  ferric  nitrate  and  arsenic  acid.  These  solu¬ 
tions  contained  approximately  0.1  gram  each  of  iron  and  of 
arsenic  in  each  cubic  centimeter  of  reagent. 

The  ammonium  bifluoride  was  Merck’s  Purified  grade. 

The  starch  solution  was  made  from  soluble  starch  prepared 
“according  to  Lintner.” 

Experimental  Procedure  and  Results 

Table  I  shows  results  of  titrations  of  solutions  of  copper 
sulfate  containing  iron  and  arsenic  as  impurities.  In  series 
1,  2,  4,  5,  7,  8,  and  11  ammonium  bifluoride,  NHjFH2,  alone 
was  used,  and  in  series  3,  6,  9,  and  10  potassium  biphthalate 
was  also  present.  The  procedure  was  as  follows: 

To  25.00  cc.  of  copper  sulfate  solution  containing  0.1831  gram 
of  copper  were  added  5  cc.  of  a  solution  containing  the  impurities 
as  designated  in  Table  I  and  5  cc.  of  concentrated  sulfuric  acid. 
This  was  followed  by  concentrated  ammonium  hydroxide  until 
the  blue  copper  complex  began  to  appear.  Then  6  N  ammonium 
hydroxide  was  added  dropwise  until  the  solution  smelled  faintly 
of  ammonia,  and  2.0  grams  of  ammonium  bifluoride  and,  in  the 
runs  indicated,  1.0  gram  of  potassium  biphthalate  were  dissolved 
in  the  mixture.  As  soon  as  solution  was  complete,  10  cc.  of 
3  M  potassium  iodide  were  added  and  titration  with  thiosulfate 
was  carried  out.  This  procedure  is  essentially  the  same  as  that 
described  by  Park  except  in  the  cases  in  which  the  biphthalate 
was  omitted.  The  amount  of  ammonium  bifluoride  added  cor¬ 
responded  to  1  gram  for  each  0.1  gram  of  iron. 

pH  measurements  were  made  by  means  of  the  quinhydrone 
electrode  on  separate  solutions  containing  in  100  cc.  (the 
approximate  end-point  volume)  the  same  amounts  of  the 
same  constituents  that  were  present  before  the  addition  of 
the  iodide.  The  iodide  was  omitted  because  it  reduces  the 
oxidized  form  of  the  quinhydrone  and  causes  the  pH  deter¬ 
minations  to  be  too  high.  Park  in  describing  his  procedure 
states  that  “the  pH  values  of  the  solutions  at  the  end  point 
were  determined  by  means  of  the  quinhydrone  electrode.” 
If  this  means  that  potassium  iodide  was  present,  that  condi¬ 
tion  alone  might  account  for  the  fact  that  the  authors’  values 
are  so  much  lower  than  his. 

In  the  cases  in  which  ammonium  hydroxide  was  added  until 
a  faint  odor  was  produced,  the  pH  of  the  solution  was  approxi¬ 
mately  3.3.  In  order  to  obtain  a  pH  of  4.0  it  was  found 
necessary  to  add  about  2  cc.  of  6  N  ammonium  hydroxide 
more  than  that  required  to  produce  a  faint  odor  of  ammonia. 
This  was  introduced  after  the  addition  of  the  bifluoride.  The 
quinhydrone  potential  was  always  read  after  the  addition  of 
the  bifluoride.  When  the  biphthalate  was  used,  it  was  added 
after  the  bifluoride  and  its  addition  caused  no  recognizable 
change  in  the  potential  of  the  solution.  In  the  cases  in 
which  the  pH  was  3.3,  as  well  as  those  in  which  it  was  4.0, 
the  end  points  were  sharp  and  after  the  titration  was  com¬ 
pleted  there  was  no  further  liberation  of  iodine  for  15  minutes 
or  more. 

The  values  designated  as  “average  per  cent  error”  represent 


the  percentage  differences  between  the  iodometric  titration 
on  the  blank  (performed  as  described  in  the  first  paragraph 
under  “Reagents”)  and  the  average  of  the  titrations  in  ques¬ 
tion.  The  value  of  the  blank  was  25.37  cc. 

Table  I.  Effect  of  Impurities  on  Titration  of  Copper 
in  Buffer  Solutions  of  Ammonium  Bifluoride  with 
and  without  Potassium  Biphthalate 

(Copper  taken,  0.1831  gram.  Volume  of  thiosulfate  required,  25.37  cc.) 


pH  of  Solution 


Weight  of  Impurity 
Series  Iron  Arsenic 

NH4HF2 

KHCsHiOi 

Thio¬ 

sulfate 

NH4OH 
added 
to  faint 
odor 

2  cc. 
of  6  N 
NHtOH 
added 
in  excess 

1 

Gram. 

0.2 

Gram 

0.0 

Grams 

2.0 

Grams 

0.0 

Cc. 

25.35 

3.3 

2 

0.2 

0.0 

2.0 

0.0 

25.39 

i!o 

3 

0.2 

0.0 

2.0 

1.0 

25.39 

4.0 

4 

0.0 

0.2 

2.0 

0.0 

25.34 

Z.Z 

5 

0.0 

0.2 

2.0 

0.0 

25.36 

z‘.9 

6 

0.0 

0.2 

2.0 

1.0 

25.35 

3.9 

7 

0.2 

0.2 

2.0 

0.0 

25.37 

+  3 

8 

0.2 

0.2 

2  0 

0.0 

25.37 

+  6 

9 

0.2 

0.2 

2.0 

1.0 

25.35 

3  + 

10 

0.2 

0.2 

2.0 

1.0 

25.37 

3 !  9 

11 

0.3 

0.2 

3.0 

0.0 

25.35 

3.3 

Average  per  cent  error  without  biphthalate,  —0.04;  with  biphthalate, 
—0.02.  Average  deviation  of  each  result  from  mean  without  biphthaiate, 
±0.06  per  cent;  with  biphthalate,  ±0.06  per  cent. 


Table  II.  Analysis  of  a  Mixture  Containing  Cupric 
Sulfide  and  Arsenopyrite  by  the  Bifluoride 
Method 

(Per  cent  of  copper  present,  14.72.  Bifluoride  added,  2.0  grams.  Concen¬ 
tration  of  thiosulfate,  0.1022  N.) 


Weight 

Volume  of 

pH  at 

Run 

of  Sample 

Thiosulfate 

End  Point 

Copper 

Grams 

Cc. 

% 

1 

1.097 

24.86 

3.3 

14.73 

2 

1.241 

28.15 

3.3 

14.74 

3 

0.9214 

20.86 

3.3 

14.72 

4 

1.008 

22.83 

3.3 

14.72 

5 

0.9210 

20.88 

3.3 

14.73 

6 

1.051 

23.77 

3.3 

14.70 

Average  percentage  error,  +0.01. 

Average  deviation  of  each  result  from  mean,  ±0.07  per  cent. 


Table  II  shows  results  of  analyses  of  a  mixture  containing 
approximately  22  per  cent  of  c.  p.  cupric  sulfide  and  10  per 
cent  of  copper-free  arsenopyrite  mixed  with  finely  ground 
unglazed  porcelain  which  gave  no'  test  for  iron  when  treated 
with  hydrochloric  and  nitric  acids.  The  cupric  sulfide  was 
thoroughly  mixed  with  the  unglazed  porcelain  powder  and  a 
number  of  samples  accurately  weighed  out.  Some  of  the 
samples  were  analyzed  for  copper  and  the  values  thus  ob¬ 
tained  were  used  as  a  basis  on  which  to  determine  the  error 
of  the  method.  To  each  of  the  other  samples  was  added 
about  0.1  gram  of  arsenopyrite,  the  whole  thoroughly  mixed, 
and  the  copper  determined  by  the  bifluoride  method. 

The  procedure  used  on  the  blanks  was  essentially  the  same 
as  that  employed  in  the  standardization  of  the  thiosulfate 
by  copper  foil.  Runs  were  also  made  on  the  blank  samples, 
using  the  procedure  described  below  for  the  mixture  after 
the  addition  of  the  arsenopyrite.  The  two  sets  of  values 
agreed  within  0.1  per  cent. 

The  procedure  used  on  the  cupric  sulfide  arsenopyrite 
mixture  was  as  follows: 

Fifteen  cubic  centimeters  of  concentrated  nitric  acid  were 
added  to  the  sample,  evaporated  to  5  cc.,  10  cc.  of  concentrated 
hydrochloric  acid  and  10  cc.  of  18  N  sulfuric  acid  added,  and  the 
whole  was  evaporated  to  dense  white  fumes.  In  runs  1,  2,  and 
3,  10  cc.  of  concentrated  nitric  acid  and  10  cc.  of  concentrated 
hydrochloric  acid  were  then  added,  and  the  solution  was  again 
evaporated  to  dense  white  fumes  and  diluted  with  20  cc.  of  water. 
In  runs  4,  5,  and  6  the  fuming  was  followed  by  the  addition  of 
20  cc.  of  water  and  10  cc.  of  saturated  bromine  water,  and  the 
solution  boiled  until  all  bromine  fumes  were  removed.  These 
two  types  of  procedure  were  found  to  be  necessary  to  insure 
complete  oxidation  of  the  arsenic.  After  the  addition  of  the 
water  and  boiling,  the  procedure  was  the  same  as  in  the  titration 
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of  the  copper  sulfate  solutions  previously  described.  In  the 
present  case  it  was  not  necessary  to  filter  off  the  insoluble  residue 
before  making  the  copper  titration. 

Summary  and  Conclusions 

In  the  Park  method  of  determining  copper  in  the  presence 
of  as  much  as  0.3  gram  of  iron  and  0.2  gram  of  arsenic,  the 
potassium  biphthalate  may  be  omitted  without  any  appre¬ 
ciable  effect  on  the  accuracy  or  precision  of  the  results. 

The  addition  of  biphthalate  has  no  material  effect  on  the 
pH  of  the  solution. 

The  pH  at  the  end  point  is  nearer  3.3  than  4.0  and  yet  the 
end  point  is  practically  permanent. 


To  insure  complete  oxidation  of  an  ore  containing  sulfide, 
iron,  and  arsenic,  treatment  with  nitric  acid  alone  is  not 
sufficient.  A  double  treatment  with  nitric  and  hydrochloric 
acids  or  a  single  treatment  with  the  two  acids  followed  by 
one  with  saturated  bromine  water  is  found  necessary. 
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The  Determination  of  Rhenium 

I.  Qualitative 

LOREN  C.  HURD,  University  of  Wisconsin,  Madison,  Wis. 


SINCE  the  discovery  of  rhe¬ 
nium  in  1925  (28)  there  have 
appeared  a  number  of  papers 
dealing  wholly  or  in  part  with 
various  qualitative  tests  for  the 
identification  of  the  element. 

Its  place  in  the  Noyes  and  Bray 
system  was  studied  by  Kao  and 
Chang  (16)  who  found  that 
significant  concentration  was 
effected  in  the  tellurium  group. 

These  authors  reported  that  dur¬ 
ing  the  course  of  the  analysis  of 
the  group,  tellurium  and  rho¬ 
dium  could  be  precipitated  in  the 
presence  of  rhenium  by  reducing 
with  hydrazine  hydrochloride  and  sodium  bisulfite  in  hydro¬ 
chloric  acid  solution.  Rhenium  was  subsequently  precipi¬ 
tated  as  the  sulfide  from  the  filtrate. 

The  insolubility  of  rhenium  heptasulfide  was  one  of  the 
characteristic  properties  early  reported.  Although  this  was 
a  controversial  subject  for  several  years  (14)  it  has  been 
definitely  established  by  several  workers,  notably  Geilmann 
and  Weibke  (9),  that  the  sulfide  is  quantitatively  precipitated 
when  a  perrhenate  solution  containing  as  high  as  33  per  cent 
of  hydrochloric  acid  by  weight  is  treated  with  hydrogen 
sulfide.  This  separation  is  now  used  extensively  in  the 
analysis  of  rhenium.  For  reasons  to  be  discussed  below,  the 
sulfide  precipitation  is  not  applicable  to  all  rhenium-contain¬ 
ing  samples. 


Table  I.  Rhenium  Found  by  Prescott  and  Johnson 

System 

(50  mg.  of  Re  added) 


Sample  1 

Sample  2 

Sample  3 

Sample  4 

Mg. 

% 

Mg. 

% 

Mg. 

% 

Mg. 

% 

First  analysis  1.5 

3.0 

4.3 

8.6 

4.7 

9.4 

3.5 

7.0 

Second  analysis  1  4 

2.8 

6  4 

12.8 

11.9 

23.8 

16.1 

32.2 

Third  analysis  44.7 

89.4 

29.9 

59.8 

29.1 

58.2 

28.8 

57.6 

Total  47.6 

95  2 

40  6 

81.2 

45 . 7 

91.4 

48.4 

96.8 

Prescott  and  Johnson  System 

Although  rhenium  heptasulfide  is  quantitatively  precipi¬ 
tated  from  solutions  containing  a  relatively  high  concentra¬ 
tion  of  hydrochloric  acid,  the  precipitation  takes  place  slowly. 
In  solutions  containing  less  than  4  per  cent  of  hydrochloric 


acid  by  weight  it  has  been  the 
author’s  experience  as  well  as 
that  of  others  (9)  that  precipita¬ 
tion  is  not  quantitative.  In  light 
of  this  rather  peculiar  condition 
it  was  thought  desirable  to  ascer¬ 
tain  where  in  the  conventional 
scheme  of  analysis  the  element 
would  be  concentrated  and 
what  precautions  must  be  taken 
in  order  to  insure  a  clean-cut 
separation. 

A  stock  solution  was  prepared  to 
which  were  added  5  mg.  per  50  ml. 
of  each  of  the  following  metals: 
Hg(ic),  Pb,  Cu,  Cd,  As(ous),  As(ic), 
Sb,  Sn(ic),  Cr(ic),  Fe(ie),  Al,  Ni,  Co,  Zn,  Mn,  Ca,  Sr,  Ba,  Mg,  K, 
and  Na.  Fifty-milliliter  portions  of  this  soffit  ion  were  carried 
through  the  qualitative  scheme  of  Prescott  and  Johnson  (19). 
Each  group  precipitate  was  washed  thoroughly,  digested  with 
sodium  hydroxide  to  expel  all  ammonia,  oxidized  with  hydrogen 
peroxide,  acidified  with  sulfuric  acid,  and  treated  with  nitron 
acetate  as  described  by  Geilmann  and  Voigt  (7). 

In  the  case  of  solutions  containing  chromium  and  manganese 
it  was  necessary  to  add  a  few  drops  of  alcohol  to  the  acid  solution 
prior  to  the  nitron  precipitation  in  order  to  reduce  compounds  of 
higher  valence  which  yield  precipitates  with  the  reagent.  Alco¬ 
hol  in  low  concentrations  is  without  influence  in  the  nitron  pre¬ 
cipitation  (31).  Certain  normal  constituents  of  complete  group 
precipitates  were  excluded  because  it  was  found  that  they  yielded 
insoluble  nitron  derivatives.  For  this  reason  tungstates,  molyb¬ 
dates,  palladium,  gold,  chloroplatinates,  and  germanium  were  not 
included  in  the  stock  solution. 

A  series  of  blank  determinations  using  the  stock  solution  was 
carried  through  the  Prescott  and  Johnson  separation  and  each 
group  or  subgroup  analyzed  according  to  the  nitron  method. 
No  precipitate  was  obtained  in  any  case.  Fifty  milligrams  of 
rhenium  as  KRe04  were  then  added  to  a  50-ml.  portion  of  the 
stock  solution  and  the  separation  and  analysis  repeated.  Group  1 
reagents  yielded  no  precipitate.  When  hydrogen  sulfide  was 
passed  into  the  0.25  N  hydrochloric  acid  solution  for  second 
group  precipitation,  some  trouble  was  experienced  in  obtaining  a 
flocculent  precipitate.  It  filtered  without  difficulty,  however, 
and  was  analyzed  (30)  for  its  rhenium  content  (first  analysis, 
Table  I). 

The  filtrate  from  the  first  precipitation  with  hydrogen  sulfide 
was  evaporated  to  a  volume  of  8  ml.  for  the  arsenic  precipitation. 
During  the  course  of  the  concentration  sulfur  and  rhenium  sulfide 
separated  from  the  solution.  This  was  removed  by  filtration 
and  analyzed  for  rhenium  (second  analysis,  Table  I).  Samples 
2,  3,  and  4  were  allowed  to  stand  overnight  before  filtering. 

The  solutions  were  then  acidified  and  saturated  with  hydrogen 
sulfide  to  precipitate  the  arsenic.  The  mixed  sulfides  were 
analyzed  for  rhenium  (third  analysis,  Table  I). 


Although  a  number  of  papers  have  ap¬ 
peared  dealing  wholly  or  in  part  with  reac¬ 
tions  of  rhenium  of  value  in  the  qualita¬ 
tive  detection  of  the  element,  no  mention 
has  been  made  of  its  place  in  the  conven¬ 
tional  scheme.  Data  are  presented  which 
indicate  that  in  the  Prescott  and  Johnson 
system  the  element  will  concentrate  with 
arsenic.  Early  work  in  the  field  has  been 
critically  examined  and  evaluated  and 
several  new  tests  are  reported.  New  con¬ 
firmatory  tests  are  described. 
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Analysis  of  group  3,  precipitated  in  strict  accord  with  the 
published  procedure,  yielded,  in  the  case  of  the  four  samples, 
a  barely  perceptible  precipitate  of  nitron  perrhenate.  Groups 
4  and  5  likewise  contained  no  rhenium.  Colorimetric  analysis 
of  the  sixth  group  indicated  that  the  rhenium  which  had  es¬ 
caped  precipitation  in  the  second  group  had  passed  through 
with  the  alkali  metals.  Rhenium  is  normally  precipitated 
completely  with  hydrogen  sulfide  from  hydrochloric  acid  solu¬ 
tions  of  about  the  same  concentration  as  those  encountered 
in  the  precipitation  of  arsenic  sulfide.  The  only  apparent 
difference  between  the  procedure  followed  in  the  Prescott 
and  Johnson  scheme  and  that  followed  in  the  routine  quantita¬ 
tive  analysis  of  rhenium  products  was  that  in  the  former  case 
the  solution  was  exposed  to  the  action  of  hydrogen  sulfide 
for  but  5  minutes,  whereas  in  the  conventional  Geilmann- 
Weibke  precipitation  the  gas  is  passed  through  the  solution 
for  at  least  1  hour. 

Solutions  were  prepared  containing  5  mg.  per  50  ml.  of  the 
metals  used  in  the  previous  separation  and  to  these  potassium 
perrhenate  was  added  in  varying  amounts.  The  copper  divi¬ 
sion  sulfides  were  precipitated,  quickly  removed,  and  the  filtrate 
was  evaporated  to  10  ml.  The  precipitate  of  sulfur  and  rhenium 
sulfide  thrown  out  during  concentration  was  not  removed. 
Five  milliliters  of  concentrated  hydrochloric  acid  were  added, 
the  solution  was  warmed,  and  hydrogen  sulfide  passed  in  for  1 
hour.  The  sulfide-sulfur  precipitate  was  analyzed  for  rhenium. 

Table  II.  Typical  Results 

Rhenium  Found 


Rhenium 

Added 

Copper 

division 

Arsenic 

division 

Recovery 

Mg. 

Mg. 

Mg. 

% 

7.0 

0.0 

6.9 

99 

11.0 

0.1 

11.0 

101 

16.0 

0.1 

16.0 

101 

25.0 

0.4 

24.7 

100 

Table  II  gives  typical  results  obtained.  It  is  apparent  that 
heptavalent  rhenium  is  concentrated  in  the  arsenic  group 
of  the  second  division  of  the  Prescott  and  Johnson  system 
if  a  sufficient  time  is  allowed  for  the  precipitation  of  the  sul¬ 
fide.  If  the  rhenium  is  present  in  the  original  sample  in  val¬ 
ence  states  lower  than  seven,  the  isolation  not  only  wall  not 
be  quantitative  but  in  some  cases  most  of  the  rhenium  may 
pass  into  group  3.*  Chlororhenous  acid  and  rhenium  trichlo¬ 
ride,  for  instance,  are  unusually  stable  in  solutions  containing 
hydrochloric  acid.  It  has  been  previously  shown  (4)  that  only 
a  very  small  amount  of  rhenium  as  ReCfi  is  precipitated 
by  hydrogen  sulfide.  This,  if  present,  would  pass  on  into 
group  3  where  it  would  be  precipitated  as  hydrated  Re02 
when  ammonia  is  added.  Upon  filtering  and  washing  the 
group  precipitate,  oxidation  takes  place  (6)  and  a  portion 
of  the  rhenium  passes  on  into  group  4.  The  remainder  will 
be  oxidized  to  perrhenate  when  treated  with  sodium  hydroxide 
and  hydrogen  peroxide,  and  passes  through  the  aluminum, 
chromium,  and  iron  separation  without  interfering  with  any 
of  the  confirmatory  tests. 

Any  rhenium  passing  into  group  4  as  the  result  of  oxidation 
during  precipitation  with  ammonia  or  during  the  washing 
process  will  not  be  completely  precipitated  by  hydrogen 
sulfide  in  ammoniacal  solution.  It  is  only  by  the  long- 
continued  passage  of  hydrogen  sulfide  into  ammoniacal 
rhenium-containing  solutions  that  appreciable  amounts  are 
precipitated  {21). 

Within  the  arsenic  group  large  amounts  of  rhenium  hepta- 
sulfide  will  not  be  dissolved  when  extraction  is  made  with 
yellow  ammonium  sulfide.  Rhenium  if  present  in  significant 
amounts  may  be  detected  in  the  residue  by  oxidizing  a  small 
portion  with  potassium  hydroxide  and  hydrogen  peroxide 
and  observing  the  formation  of  characteristic  rhombic  bi- 
pyramides  of  potassium  perrhenate.  If  desired,  the  sulfide 
may  be  brought  into  solution  with  sodium  hydroxide  and 
hydrogen  peroxide  and  cesium  chloride  added  to  precipitate 


cesium  perrhenate.  The  latter  reaction  is  somewhat  more 
sensitive  than  the  potassium  perrhenate  precipitation. 
Both  are  microscopic  reactions  in  common  use  for  the  rapid 
identification  of  perrhenates.  If  large  amounts  of  molyb¬ 
denum  and  small  amounts  of  rhenium  are  present,  as  in 
most  mineral  or  industrial  concentrates,  the  rhenium  may  be 
lost  during  the  yellow  ammonium  sulfide  extraction.  Whether 
this  is  due  to  actual  solubility  or  to  colloidal  dispersion  is 
not  known.  The  direct  separation  with  8-oxy quinoline  {10), 
while  excellent  for  moderate  amounts  of  the  two  elements,  is 
not  applicable  to  small  amounts  of  rhenium  in  the  presence 
of  large  amounts  of  molybdenum  because  of  adsorption  of 
perrhenic  acid  on  the  voluminous  molybdenum-8-oxyquino- 
line  complex.  If,  for  instance,  the  molybdenum-rhenium 
ratio  be  much  in  excess  of  100  to  1  serious  losses  are  en¬ 
countered.  The  direct  separation  of  the  bulk  of  the  molyb¬ 
denum  from  rhenium  is  probably  best  accomplished  by  the 
distillation  method  of  Geilmann  and  Weibke  (<?). 

The  small  amount  of  molybdenum  which  normally  distills 
with  the  rhenium  does  not  interfere  with  the  microscopic 
detection  of  rhenium  as  CsRe04  or  RbRe04.  The  large  bulk 
of  the  distillate  may  be  removed  by  slow  evaporation  without 
significant  loss  of  rhenium.  Although  a  great  deal  has  been 
said  about  the  volatility  of  perrhenic  acid  from  hydrochloric 
acid  solutions,  the  danger  is  not  great  if  care  is  taken  to  have 
a  small  amount  of  fixed  base  present  and  if  the  evaporation 
is  not  carried  out  too  rapidly  or  to  dryness.  This  has  been 
indicated  by  Kao  and  Chang  {16)  and  has  been  the  experi¬ 
ence  of  several  working  in  this  laboratory.  The  following 
data  are  illustrative  of  this  contention :  Solutions  containing 
100  y  of  rhenium  as  KRe04  and  0.5  mg.  of  potassium  chloride 
were  diluted  to  30  ml.  with  water  and  concentrated  hydro¬ 
chloric  acid  in  the  amounts  indicated,  and  evaporated  almost 
to  dryness  on  a  steam  bath.  Colorimetric  analysis  according 
to  the  method  of  Geilmann,  Wrigge,  and  Weibke  {12)  was 
made  upon  the  residual  solution. 


Table  III.  Colorimetric  Analysis 


Concentrated  HC1 

H20 

Rhenium  Found 

Ml. 

Ml. 

y 

1.0 

29.0 

99 

3.0 

27.0 

100 

5.0 

25.0 

98 

5.0 

25.0 

110 

5.0 

25.0 

102 

10.0 

20.0 

90 

15.0 

15.0 

102 

25.0 

5.0 

120 

25.0 

5.0 

98 

Evaporation  of  solutions  of  perrhenic  acid  with  varying 
amounts  of  concentrated  hydrochloric  acid  to  a  volume  of 
about  0.5  ml.  indicated  upon  analysis  a  loss  of  rhenium  in 
some  cases.  One  hundred  gamma  of  rhenium  was  added  in 
each  case. 


Table  IV.  Colorimetric  Analysis 


Concentrated 

Rhenium 

Concentrated 

Rhenium 

HC1 

Found 

HC1 

Found 

Ml. 

y 

Ml. 

y 

5 

98 

20 

56 

5 

82 

20 

70 

10 

80 

25 

60 

10 

90 

25 

98 

15 

102 

30 

54 

15 

76 

30 

72 

Noyes  and  Bray  System 

The  place  of  rhenium  in  the  Noyes  and  Bray  {29)  system 
has  been  studied  by  Kao  and  Chang  {16),  who  found  that  the 
bulk  of  the  rhenium  recovered  was  with  the  tellurium-copper 
group  and  that  concentration  within  the  group  was  in  the 
rhodium-iridium  filtrate.  The  amount  recovered  was  greatly 
increased  by  adding  potassium  chloride  in  the  hydrochloric- 
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nitric  acid  evaporation  (procedure  72)  and  by  adding  the 
washings  from  the  ether  extraction  to  the  aqueous  layer  (pro¬ 
cedure  73).  The  new  procedure  recommended  involves  the 
precipitation  of  tellurium  and  rhodium  with  hydrazine  hydro¬ 
chloride  and  sodium  bisulfite  from  a  hot  hydrochloric  acid 
solution.  Any  rhenium  present  passes  into  the  filtrate  where 
it  is  detected  in  the  conventional  microscopic  manner. 

Although  this  modification  appears  to  be  satisfactory  when 
significant  amounts  of  rhenium  are  present  and  when  the 
exact  procedure  recommended  by  the  authors  is  followed,  the 
reduction  with  hydrazine  in  hydrochloric  acid  solution  should 
be  done  with  care  and  caution.  Briscoe  and  collaborators  (2) , 
Noddack  (24),  Kraus  and  Steinfeld  (17),  and  others  have  ob¬ 
served  that  hydrazine  in  acid  solutions  reduces  rhenium  to 
the  tetravalent  stage.  As  has  been  mentioned  (4)  hydrogen 
sulfide  will  not  precipitate  tetravalent  rhenium  from  hydro¬ 
chloric  acid  solutions.  That  hydrazine  and  hydrochloric  acid 
are  effective  in  the  reduction  of  heptavalent  rhenium  is  shown 
by  the  following  experiments,  performed  during  the  course  of 
an  investigation  of  analytical  methods  proposed  for  the 
quantitative  determination  of  the  element  (18). 

Five  milliliters  of  saturated  solution  of  hydrazine  sulfate,  5 
ml.  of  concentrated  hydrochloric  acid,  32.2  mg.  of  rhenium  as 
KReCh,  and  50  ml.  of  water  were  evaporated  on  a  sand  bath  until 
a  volume  of  15  ml.  had  been  reached.  The  solution  at  first  turned 
yellow  and  later  hydrated  rhenium  dioxide  settled  out.  The 
acidity  was  reduced  to  above  pH  5  by  the  cautious  addition  of 
sodium  hydroxide  and  the  resulting  precipitate  dried  in  a  hot 
vacuum  desiccator  containing  phosphorus  pentoxide.  On  the 
assumption  that  the  precipitate  was  rhenium  dioxide,  recoveries 
of  30.8,  34.0,  31.1,  34.1,  31.8,  and  16.4  mg.  were  obtained.  Al¬ 
though  it  was  later  shown  by  Geilmann  and  Hurd  (5,  6)  that  any 
method  involving  the  handling  of  rhenium  dioxide  is  unreliable 
because  of  oxidation  and  adsorption  errors,  the  results  are  signifi¬ 
cant  in  light  of  the  proposed  qualitative  separation.  Another 
series  of  nine  determinations  using  ammonia  in  place  of  sodium 
hydroxide  to  induce  hydrolysis  yielded  results  ranging  from  7.9 
to  20.0  mg.  out  of  32.2  mg.  added.  In  this  case  a  large  amount  of 
colloidal  dioxide  remained  in  the  solution.  In  fight  of  these  data 
care  should  be  taken  to  observe  the  exact  concentrations  of  re¬ 
agents  and  time  and  temperature  specifications  of  Kao  and 
Chang  (16)  when  following  their  proposed  scheme. 

Direct  Detection 

The  direct  separation  and  detection  of  rhenium  in  the 
presence  of  large  amounts  of  molybdenum,  iron,  manganese, 
and  other  metallic  constituents  of  minerals  has  received 
much  attention.  The  first  method  proposed  was  that  of 
Noddack  (28)  who  presumably  used  alternate  reduction  and 
oxidation  to  isolate  rhenium  from  minerals  and  mineral  con¬ 
centrates.  The  method  in  brief  was  to  reduce  large  samples  of 
the  material  under  investigation  or  sulfide  concentrates 
therefrom  with  hydrogen  at  about  900°  C.  Following  reduc¬ 
tion,  the  sample  was  heated  in  oxygen  until  no  further  subli¬ 
mate  appeared.  The  process  was  repeated  several  times  and 
the  sublimate  from  the  entire  process  examined  rontgeno- 
graphically.  Incidentally,  element  43,  to  which  the  authors 
assigned  the  name  Masurium,  was  said  to  have  been  isolated 
in  the  same  manner.  Although  chemical  methods  were  also 
used  by  the  same  authors  (28, 26) ,  their  report  on  the  analysis 
of  1600  minerals  (26)  does  not  indicate  which  of  the  minerals 
were  directly  concentrated  by  the  sublimation  method  and 
which  were  concentrated  by  other  means.  Inasmuch  as  our 
knowledge  of  the  distribution  of  rhenium  is  based  upon  these 
determinations  and  in  fight  of  the  experience  in  this  labora¬ 
tory,  the  distinction  is  of  some  importance. 

To  the  author’s  knowledge  all  rhenium  compounds  when 
heated  to  900°  C.  in  an  atmosphere  of  hydrogen  are  reduced 
to  the  metal.  When  reheated  in  oxygen,  metallic  rhenium  is 
converted  to  the  volatile  heptoxide,  Re2C>7.  In  the  presence  of 
large  amounts  of  basic  oxides,  however,  the  oxide  immediately 
reacts  with  these  to  produce  stable  perrhenates.  The  vapor 


pressure  of  most  of  these  is  relatively  low  even  at  the  tempera¬ 
tures  used  by  the  Noddacks.  Inasmuch  as  the  richest  rhe¬ 
nium-containing  mineral  yet  reported  has  a  rhenium  content 
of  the  order  of  2  X  10  ~6,  the  preponderance  of  basic  material 
makes  the  escape  of  appreciable  amounts  of  rhenium  heptoxide 
somewhat  difficult.  In  the  case  of  essentially  acidic  minerals 
the  chance  of  isolating  rhenium  is  much  better  than  in  basic 
materials.  That  fixed  bases  are  effective  in  preventing  the 
loss  of  rhenium  when  ignited  in  air  .has  been  discussed  pre¬ 
viously  (14). 

In  a  forthcoming  communication  from  this  laboratory  it 
will  be  shown  that  certain  minerals  which  contain  rhenium 
in  appreciable  quantities  yield  no  rhenium-containing  sub¬ 
limate  when  analyzed  in  accord  with  the  direct  oxidation- 
reduction  method.  Therefore  for  the  qualitative  detection 
of  the  element  in  minerals  and  concentrates  the  sublimation 
procedure  is  to  be  avoided  unless  it  has  been  demonstrated 
that  with  artificial  mixtures  good  recovery  may  be  realized. 

If  the  mineral  is  insoluble  in  hydrochloric  or  nitric  acid  it 
should  be  fused  with  sodium  carbonate  or  with  carbonate- 
nitrate  mixtures.  Prolonged  digestion  with  nitric  acid  or 
with  sulfuric  acid  should  be  avoided  because  of  the  danger  of 
volatilizing  perrhenic  acid.  Oxidizing  materials  of  the  type 
of  pyrolusite  may  apparently  be  dissolved  directly  in  hydro¬ 
chloric  acid  without  danger  of  losing  rhenium.  Table  V 
shows  the  results  of  an  experiment  in  which  varying  amounts 
of  potassium  permanganate  or  rhenium-free  manganese 
dioxide  were  added  to  rhenium-containing  solutions,  hydro¬ 
chloric  acid  was  added,  and  the  solutions  were  digested  until 
decomposition  was  complete.  Rhenium  was  then  determined 
according  to  the  sulfide-nitron  method  of  Geilmann  and 
Weibke  (9).  The  errors  are  of  the  same  magnitude  as  those 
obtained  in  the  usual  routine  determination  of  rhenium  ac¬ 
cording  to  the  sulfide-nitron  method. 

Table  V.  Detecting  of  Rhenium  in  Presence  of 
Manganese 


Rhenium 

Taken 

KMnO) 

Added 

Rhenium 

Found 

Error 

Mg. 

Grams 

Mg. 

Mg. 

28.8 

1.0 

28.3 

-0.5 

25.0 

1.0 

25.0 

±0.0 

28.8 

2.0 

28.7 

-0.1 

25.0 

2.0 

25.3 

+0.3 

30.2 

3.0 

29.3 

-0.9 

25.0 

3.0 

24.9 

-0.1 

28.8 

4.0 

28.4 

-0.4 

25.0 

4.0 

25.0 

±0.0 

25.0 

5.0 

24.9 

-0.1 

25.0 

6.0 

24.9 

-0.1 

25.0 

7.0 

24.8 

-0.2 

25.0 

8.0 

25.1 

+0.1 

5.0 

MnCU  Added 
1.0 

5.2 

+0.2 

5.0 

2.0 

4.9 

-0.1 

5.0 

3.0 

5.2 

+0.2 

5.8 

4.0 

5.9 

+0.1 

5.0 

5.0 

5.1 

+0.1 

6.5 

6.0 

6.7 

+0.2 

5.0 

7.0 

4.8 

-0.2 

4.5 

8.0 

4.1 

-0.4 

Either  the  hydrochloric  acid  solution  of  the  carbonate- 
nitrate  fusion  or  that  resulting  from  direct  acid  decomposition 
of  the  ore  may  be  adjusted  for  hydrochloric  acid  content  (one- 
third  by  volume  is  recommended),  heated  to  90°  C.,  and  the 
rhenium  precipitated  with  hydrogen  sulfide.  The  sulfides 
may  then  be  examined  qualitatively  for  rhenium. 

Spectroscopic  Identification 

According  to  Ida  and  Walter  Noddack  (22),  if  the  rhenium 
content  of  a  product  is  of  the  order  of  10  - 6  the  element  may 
be  detected  by  direct  spectroscopic  examination.  As  an 
illustration  of  this  they  cite  the  case  of  certain  molybdenites 
having  a  rhenium  content  of  from  10“ 5  to  10  ~6  in  which  they 
claim  rhenium  may  be  detected  by  direct  resolution  of  the 
arc  emission  spectra. 
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The  rhenium  spectrum  has  been  mapped  by  Meggers  {20) 
who  confirmed  the  early  work  of  Noddack  {27)  regarding  the 
wave  length  of  the  ultima teo  lines  of  the  element.  The  three 
lines,  known  as  theo3460  A.  triplet ,o  have  wave  lengths  of 
3451.88  A.,  3460.47  A.,  and  3463.72  A.  In  addition  there  is 
a  very  strong  line  at  4889.15  A.  in  the  blue.  Although  more 
than  3000  spectral  lines  of  the  element  are  known,  these  four 
alone  are  of  value  to  the  analyst  in  the  direct  examination 
of  rhenium-containing  ores.  The  remainder  drop  out,  under 
ordinary  circumstances  and  with  the  usual  equipment,  when 
the  amount  of  rhenium  on  the  electrode  is  below  50  y  or  0.05 
mg. 

The  spectrograph  has  been  used  extensively  by  the  writer 
and  his  students  in  the  direct  examination  of  ores  for  the 
qualitative  detection  of  rhenium.  During  the  course  of  the 
work  several  instruments  have  been  used — Hilger  E2  type 
Kruess  single  quartz  prism  with  a  low  dispersion  (10  A. 
per  mm.  in  the  3460  A.  region)  but  high  intensity,  a  large 
Steinheil  three-prism  instrument  of  high  dispersion  in  the  4889 
A.  region  and  moderate  intensity,  a  Bausch  and  Lomb  constant- 
deviation  spectrograph  of  low  dispersion  in  the  4889  A.  region, 
but  good  intensity,  and  a  large  Bausch  and  Lomb  instrument 
equipped  with  both  quartz  and  glass  optical  systems.  Both 
spark  (20,000  volts)  and  arc  (80  volts,  direct  current,  6  to  8  am¬ 
peres)  emission  spectra  have  been  studied.  It  is  the  conclusion 
of  the  writer  that  the  direct  spectrographic  examination  of 
minerals  for  rhenium  is  to  be  avoided  and  that  a  preliminary 
concentration  should  always  be  made.  The  reasons  for  this 
are  several :  In  the  first  place  no  mineral  is  known  which  con¬ 
tains  more  than  2  X  10  ~5  rhenium.  This  in  the  author’s 
experience  automatically  limits  the  lines  available  for  study 
to  the  triplet  and  the  4889.15  A.  line  in  the  visible  region. 
All  known  rhenium-rich  minerals  have  a  very  rich  spectrum. 
Molybdenite,  for  instance,  often  contains  appreciable  amounts 
of  iron  in  addition  to  the  principal  constituent,  M0S2.  Colum- 
bite  contains  a  wide  variety  of  elements,  many  of  which  have 
a  complex  spectrum.  Pyrolusite,  a  mineral  which  according 
to  Noddack  contains  negligible  amounts  of  element  75  but 
which  according  to  Loring  and  Druce  (14)  contains  consider¬ 
able  amounts,  may  contain  from  1  to  5  per  cent  of  iron  with 
varying  amounts  of  minor  impurities  in  addition  to  manganese 
dioxide.  When  one  considers  that  the  rhenium  content  of  no 
known  mineral  exceeds  2  X  10“ 5  it  will  be  seen  at  once  that  a 
normal  sample  of  ore  placed  on  the  end  of  an  electrode  repre¬ 
sents  at  best  but  a  few  gamma  of  rhenium.  This,  coupled 
with  the  depressing  effect  which  large  amounts  of  other  ele¬ 
ments  have  upon  the  intensity  of  the  rhenium  spectrum, 
places  it  on  the  borderline  of  the  sensitivity  of  our  instruments. 
A  further  complication  lies  in  the  practical  coincidence  of 
lines  of  other  elements  with  the  four  of  rhenium.  Iron, 
manganese,  and  molybdenum,  for  instance,  have  caused 
considerable  trouble. 

Whereas  these  elements  would  offer,  for  the  most  part, 
little  interference  in  systems  of  high  rhenium  content,  the 
exposures  which  the  author  has  found  necessary  to  bring  out 
the  rhenium  lines  in  synthetic  mixtures,  when  used  on  minerals, 
result  in  heavy  broad  lines  which  make  positive  identification 
of  the  rhenium  spectrum  somewhat  doubtful. 

Miscellaneous  Qualitative  Reactions 

Perrhenic  acid  forms  a  large  number  of  derivatives  which 
have  been  proposed  or  used  in  qualitative  identification.  Of 
these,  few  are  specific  for  rhenium.  The  microscopic  pre¬ 
cipitations  of  rubidium  or  cesium  perrhenate  as  proposed 
by  Geilmann  and  Briinger  (8)  are  probably  the  most  reliable 
and  satisfactory.  Care  must  be  taken  not  to  confuse  the 
perrhenates  with  chlorostannates  or  chloroplatinates.  The 
lower  limit  of  sensitivity  of  the  rubidium  and  cesium  per¬ 


rhenate  reaction  is  given  by  the  authors  as  0.1  7  per  35  cu. 
mm.  Tellurium,  silver,  and  mercury  perrhenate  were  found 
to  have  but  limited  application.  Organic  perrhenates  investi¬ 
gated  by  the  above  authors  and  found  to  yield  characteristic 
but  not  unique  products  were  nitron,  methylene  blue,  acri- 
flavine,  brucine,  and  strychnine.  Nitron  perrhenate  precipi¬ 
tation  has  been  utilized  by  Kronmann  and  Bibikowa  {24.) 
for  the  basis  of  a  microchemical  test.  These  authors  allowed 
nitron  acetate  and  sodium  sulfide  to  react  with  a  soluble 
perrhenate  in  a  10  per  cent  gelatin  solution.  When  the  mass 
had  set,  a  drop  of  titanous  chloride  was  added.  Following  the 
diffusion  of  this  latter  reagent  into  the  gelatin  a  brownish 
yellow  coloration  around  the  nitron  perrhenate  crystals  was 
to  be  seen.  The  reaction  depends  upon  the  relative  speeds  of 
the  interaction  of  sodium  sulfide,  Re7,  and  Re4. 

Although  the  reaction  serves  to  distinguish  between  nitron 
nitrate  and  nitron  perrhenate,  it  is  not  sensitive  to  much 
under  10  7  of  rhenium  and  in  such  concentrations  cesium  or 
rubidium  perrhenates  are  to  be  preferred.  Heyne  and  Moers 
{18)  prepared  a  veratrine  derivative,  the  solubility  of  which 
indicated  that  it  might  serve  as  a  micro  reagent.  During  the 
course  of  a  search  for  an  organic  reagent  which  would  pre¬ 
cipitate  perrhenic  acid  but  not  chlororhenous  acid  (nitron 
yields  an  insoluble  derivative  with  both),  Scharf  and  Spiering 
{82)  found  that  the  following  bases  reacted  with  chlororhenous 
acid  in  concentrations  of  5  7  per  25  cu.  mm.  but  did  not  yield 
insoluble  perrhenates  in  perrhenic  acid  solutions  containing 
30  7  per  25  cu.  mm. :  m-anisidine,  p-anisidine,  cinchonidine, 
tri-n-amyl  amine,  triisoamyl  amine,  dibenzyl  amine,  0- 
phenetidine,  dimethyl-o-toluidine,  methyl-o-toluidine,  methyl- 
m-toluidine,  dimethyl  naphthyl  amine,  di-n-butyl  aniline, 
di-n-amyl  amine,  diphenyl  guanidine,  4-aminodiphenyl,  and 
pararosaniline.  Safranine  and  antipyrine  form  insoluble 
perrhenates  and  chlororhenates.  Ar,iY'-Tetramethyl-o-tolid- 
ine  (Tetron)  has  been  established  as  a  reagent  for  the  gravi¬ 
metric  determination  of  chlororhenous  acid  in  the  presence  of 
perrhenic  acid  {4)  and  may  be  also  used  to  identify  the  former 
in  the  presence  of  the  latter.  Tougarinoff  {83)  reported  that 
if  an  acid  solution  of  perrhenic  acid  be  treated  with  stannous 
chloride  and  potassium  fefrocyanide  a  red  color  is  produced. 
With  dimethylglyoxime  a  yellow-colored  complex  is  formed. 
The  sensitivity  of  these  reactions  under  optimum  conditions 
is  about  10  7. 

Rostrohr,  Flame,  and  Bead  Tests 

The  rostrohr  technic  described  by  Geilmann  and  Wrigge 
{11)  will  serve  to  detect  and  identify  rhenium  in  concentrations 
of  about  5  7  per  10  mg.  and  up.  The  metal  is  heated  in  the 
bend  of  a  rostrohr  of  the  conventional  type  until  the  condensa¬ 
tion  of  rhenium  heptoxide  is  complete.  A  small  amount  of 
sulfur  is  then  introduced  into  the  lower  end  of  the  tube  and 
heated  until  it  burns.  The  sulfur  dioxide  passing  up  the  tube 
serves  to  reduce  rhenium  heptoxide  previously  deposited  with 
the  production  of  a  blue  oxide  or  compound  of  unknown  com¬ 
position.  In  some  cases  where  the  rhenium  heptoxide  ring 
is  too  fight  to  be  seen,  the  blue  reduction  product  will  be  clearly 
visible.  If  molybdenum  is  present  the  sensitivity  is  decreased 
to  somewhere  in  the  neighborhood  of  50  7  per  10  mg. 

Care  should  be  taken  in  interpreting  negative  results  ob¬ 
tained  as  a  result  of  the  execution  of  this  test.  Rhenium  as 
KRe04,  or  as  any  other  perrhenate  stable  at  the  temperature 
used,  will  not  respond  with  positive  results.  Although  the 
perrhenates  may  be  reduced  prior  to  the  heating,  unless  the 
alkali  be  removed  but  a  minor  portion  of  the  rhenium  will  be 
volatilized.  If  substantial  amounts  of  alkali  are  present  the 
rhenium  will  not  be  volatilized  under  any  circumstances. 

The  rhenium  flame  is  blue-green.  It  is  not  an  intense  color 
and,  as  has  been  pointed  out  {11),  it  is  easily  masked  by  other 
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elements.  It  is  only  in  the  oxidizing  flame  that  the  color  is 
apparent. 

Borax  and  phosphate  bead  tests  yield  with  rhenium  a  gray 
color  in  a  reducing  flame.  In  the  outer  cone  the  color  or 
turbidity,  due  to  metallic  rhenium,  disappears  as  a  result  of 
oxidation. 


Colorimetric  Detection 

The  colorimetric  determination  of  rhenium  as  developed 
by  Geilmann,  Wrigge,  and  Weibke  {12)  is  by  all  odds  the  most 
convenient  laboratory  test  available  for  the  rapid  detection 
of  heptavalent  rhenium.  The  Geilmann  reaction  is  brought 
about  by  adding  to  a  hydrochloric  acid  solution  of  a  per- 
rhenate,  stannous  chloride  and  ammonium  or  potassium 
thiocyanate.  A  yellow-brown  thiocyanate  is  produced  which 
is  soluble  in  ether,  butyl  acetate,  and  cyclohexanol.  The 
complex  is  insoluble  in  carbon  bisulfide,  carbon  tetrachloride, 
methyl  cyclohexane,  and  aniline.  Commercial  malonic 
ester,  methyl  salicylate,  resorcinol,  benzyl  alcohol,  furfural 
aldehyde,  and  acetoacetic  ester  extract  the  color  but  for 
various  reasons  are  not  satisfactory.  Although  the  reaction 
is  subject  to  numerous  influences  which  must  be  controlled 
before  it  is  satisfactory  as  a  quantitative  determination  (I), 
it  is  of  great  value  as  a  qualitative  test.  The  same  reaction 
is,  however,  characteristic  of  molybdenum  and  unless  this 
element  is  known  to  be  absent  the  reaction  cannot  be  consid¬ 
ered  specific.  Although  a  number  of  extractors  have  been 
investigated  in  this  laboratory,  no  water-insoluble  substance 
has  been  found  which  does  not  extract  both  the  rhenium  and 
the  molybdenum  complexes  about  equally  well.  During  the 
course  of  a  study  on  the  determination  of  rhenium  in  ores, 
minerals,  and  industrial  concentrates  {15)  it  was  found  that, 
whereas  ethyl  xanthate  reacted  with  molybdic  acid  to  yield 
a  violet-red  chloroform  soluble  complex,  rhenium  did  not. 


Table  VI.  Detection  of  Rhenium  in  Presence  of 
Molybdenum 


Rhenium 

Taken 

Molybdenum 

Added 

Apparent 

Rhenium 

Recovery 

Error 

7 

7 

7 

% 

150 

50 

143 

-  4.7 

200 

50 

216 

+  8.0 

200 

80 

216 

+  8.0 

250 

100 

242 

-  3.2 

300 

100 

255 

-15.0 

60 

100 

64.7 

+  7.8 

150 

200 

143 

-  4.5 

200 

200 

214 

+  7.0 

200 

300 

210 

4-  5.0 

300 

300 

308 

+  2.7 

60 

300 

55.2 

-  8.0 

250 

400 

273 

+  9.2 

100 

500 

108 

+  8.0 

150 

1000 

164 

+  9.3 

150 

1000 

139 

—  7.3 

60 

1000 

57.1 

-  4.8 

100 

1000 

110 

+  10.0 

It  was  found 

that  if  solutions  containing  mol; 

and  rhenium  were  first  treated  with  ethyl  xanthate  and  the 
molybdenum  complex  was  removed  with  chloroform,  rhenium 
could  be  determined  with  fair  accuracy  in  the  remaining  solu¬ 
tion.  Neither  stannous  chloride,  hydrochloric  acid,  am¬ 
monium  thiocyanate,  nor  mixtures  of  the  three  produced  a 
color  with  residual  traces  of  the  xanthate.  Although  the  ac¬ 
curacy  of  the  method  is  such  that  it  is  not  satisfactory  without 
refinement  for  quantitative  work,  it  serves  rather  well  for 
qualitative  detection.  Table  VI  gives  data  illustrative  of 
results  which  were  obtained.  Analysis  for  rhenium  was  made 
as  described  by  Geilmann,  Wrigge,  and  Weibke  {12)  after 
molybdenum  had  been  extracted  as  a  xanthic  acid  complex 
■with  chloroform. 

The  data  presented  were  obtained  while  working  on  solu¬ 
tions  free  from  metals  other  than  molybdenum  and  rhenium. 


Iron  and  copper  are  known  to  interfere'.  Oxidizing  agents, 
excessive  amounts  of  reducing  agents,  and  high  salt  concen¬ 
trations  contribute  to  erratic  results. 

Phenyl  hydrazine  and  thioglycolic  acid  both  react  with 
molybdenum  but  not  with  rhenium.  Although  like  ethyl 
xanthate  they  are  known  to  be  unsatisfactory  for  the  deter¬ 
mination  of  molybdenum,  an  attempt  was  made  to  develop 
a  satisfactory  method  which  would  allow  the  removal  of  the 
molybdenum  so  that  rhenium  could  be  determined  in  the 
residual  solution.  They  were  found  to  be  unsatisfactory  and 
inferior  to  ethyl  xanthate. 
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A  Color  Reaction  for  Detection  of 
Cyclopentadiene 

BORIS  N.  AFANASIEV,  Sibirsky  50,  Sverdlovsk  26, 
U.  S.  S,  R. 


SMALL  quantities  of  cyclopentadiene  can  be  detected  as 
follows:  One  drop  of  the  liquid  to  be  tested  is  mixed  with 
1  cc.  each  of  chloroform  and  glacial  acetic  acid  and  then 
treated  cautiously  with  2  or  3  drops  of  concentrated  sulfuric 
acid.  As  little  as  0.1  mg.  of  cyclopentadiene  gives  a  distinct 
violet  coloration. 

Some  higher  boiling  terpenes  give  a  similar  coloration  but 
only  with  acetic  anhydride,  chloroform,  and  sulfuric  acid. 
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Potentiometric  Determination  of 

Mercaptan  s 

MIROSLAV  W.  TAMELE  AND  LLOYD  B.  RYLAJND,  Shell  Development  Company,  Emeryville,  Calif. 


FROM  the  publications  of 
various  authors  who  have 
studied  the  methods  of  mercap¬ 
tan  determination,  it  may  be 
concluded  that  a  procedure 
based  on  the  precipitation  of 
silver  mercaptides  is  the  most 
reliable  under  conditions  actu¬ 
ally  encountered  in  the  analysis 
of  petroleum  products.  The 
first  such  procedure,  reported 
by  Borgstrom  and  Reid  (2),  was 
a  direct  application  of  Volhard’s 
determination  of  halides.  In 
spite  of  some  objectionable  fea¬ 
tures  which  developed  when  ap¬ 
plied  to  solutions  of  hydrocar¬ 
bons,  it  has  been  considered  by 
later  workers  the  most  reliable 
method  in  existence.  Bond  ( 1 ) 
used  it  with  certain  precautions 
to  check  the  results  of  the  cop¬ 
per  oleate  method.  Malisoff  and  Marks  (7)  used  the  method 
in  their  work  on  thermal  behavior  of  mercaptans.  In  the 
originally  suggested  form  the  procedure  leads  to  the  forma¬ 
tion  of  emulsions,  since  aqueous  silver  nitrate  is  used  for 
precipitation  of  mercaptans  dissolved  in  hydrocarbons.  The 
tendency  of  precipitated  silver  mercaptide  to  pass  into  the 
hydrocarbon  phase,  and  to  carry  with  it  adsorbed  silver  ni¬ 
trate,  results  in  the  necessity  for  a  lengthy  process  of  washing. 
An  improvement  of  the  method  has  been  suggested  recently 
by  Malisoff  and  Anding  (6),  who  found  that  the  addition  of 
methanol  is  beneficial,  since  the  danger  of  formation  of  emul¬ 
sions  is  minimized  and  the  time  of  operation  is  shortened, 
there  being  no  necessity  for  shaking  and  washing. 

Outline  of  Proposed  Method 

The  proposed  procedure  is  based  on  precipitation  of  mer¬ 
captans  with  silver  nitrate.  By  using  enough  alcohol  to  dis¬ 
solve  the  sample  and  by  titrating  with  an  alcoholic  solution 
of  silver  nitrate,  the  separation  of  phases,  the  formation  of 
emulsions,  and  the  resulting  adsorption  are  completely  elimi¬ 
nated.  Furthermore,  in  order  to  avoid  an  excess  of  silver 
nitrate  at  the  end  of  precipitation,  the  end  point  is  determined 
potentiometrically  with  a  silver  electrode  indicator.  The 
method  thus  becomes  applicable  to  colored  solutions,  as  the 
selection  of  the  end  point  is  not  dependent  on  a  color  change  of 
the  indicator.  Finally,  on  account  of  the  very  low  solubility 
of  silver  mercaptides,  approximately  equal  to  that  of  silver 
iodide,  the  method  becomes  applicable  in  the  presence  of  sub¬ 
stances  which  normally  react  with  silver  nitrate  but  form  com¬ 
pounds  more  soluble  than  the  silver  mercaptides.  The  danger 
of  the  simultaneous  precipitation  of  common  impurities  is 
thus  minimized. 

The  influence  of  a  number  of  substances  likely  to  interfere 
with  the  suggested  procedure  was  studied,  especially  those 
which  occur  naturally  in  petroleum  products.  Many  were 
found  to  have  no  influence  on  the  accuracy  of  the  results,  but 
hydrogen  sulfide  and  elementary  sulfur  interfere  with  the 
procedure.  Silver  sulfide  is  considerably  less  soluble  than  the 


silver  mercaptides  and  is  there¬ 
fore  precipitated  from  a  mixture 
of  sulfide  and  mercaptans  before 
the  precipitation  of  silver  mer¬ 
captides  commences.  Theoreti¬ 
cally,  therefore,  it  should  be  pos¬ 
sible  to  perform  the  determina¬ 
tion  of  both  hydrogen  sulfide  and 
mercaptans  in  one  solution  by  ti¬ 
tration  with  silver  nitrate  in  one 
operation.  This  actually  can  be 
done  for  a  certain  limited  range 
of  concentrations.  The  proce¬ 
dure  is  now  being  studied,  but 
cannot  be  recommended  at  pres¬ 
ent  because  its  limitations  are 
not  yet  known;  it  is  suggested 
therefore  that  hydrogen  sulfide 
be  removed  by  washing  the  sam¬ 
ple  with  acidified  cadmium  sul¬ 
fate  (lOpercent  cadmium  sulfate, 
2  per  cent  sulfuric  acid,  in  water) . 

Elementary  sulfur  also  interferes  with  the  described  pro¬ 
cedure.  Since  the  hydrocarbon  sample  to  be  titrated  is 
added  to  a  solution  of  sodium  acetate  in  alcohol,  and  this  solu¬ 
tion  is  decidedly  alkaline,  a  reaction  between  mercaptan  and 
elementary  sulfur  takes  place  if  both  substances  are  present 
in  the  sample.  Elementary  sulfur  should  therefore  be  re¬ 
moved  by  shaking  with  mercury.  This  procedure  does  not 
alter  the  mercaptan  content,  as  has  been  shown  by  Borg¬ 
strom  and  Reid  (2) . 

A  procedure  which  allows  the  estimation  of  elementary  sulfur 
and  mercaptans  in  one  solution,  based  on  the  reaction  between 
sulfur  and  mercaptans,  will  be  described  in  a  subsequent  com¬ 
munication. 

Apparatus  and  Experimental  Procedure 

A  suitable  simple  arrangement  for  potentiometric  titration 
of  mercaptans  is  shown  in  Figure  1. 

The  cell  consists  of  a  silver  half-cell  sensitive  to  changes  in 
silver-ion  concentration  and  a  mercury  half-cell,  R,  used  as  the 
reference  electrode.  The  silver  half-cell  consists  of  a  silver 
electrode  immersed  in  the  beaker  containing  50  cc.  of  0.1  A  sodium 
acetate  in  96  per  cent  ethyl  alcohol.  The  mercury  half-cell  and 
the  bridge  are  filled  with  the  same  solution. 

The  silver  electrode  is  a  polished  silver  wire  of  about  2  mm. 
diameter,  and  the  mercury  electrode  is  a  layer  of  mercury  about 
3  to  4  cm.  in  diameter.  The  cell  is  represented  by  the  diagram 


0.1  N  sodium 

0.1  N  sodium 

acetate  in 

acetate  in 

alcohol 

alcohol 

The  e.  m.  f.  of  the  cell  is  reasonably  constant,  about  —0.070 
volt,  the  minus  sign  signifying  that  the  silver  wire  is  the  negative 
electrode.  In  the  absence  of  any  generally  accepted  standard 
reference  electrode  in  alcoholic  solutions,  the  mercury  half-cell 
is  used  as  the  standard  and  the  potential  of  the  silver  electrode  is 
considered  equal  to  the  numerical  value  of  the  e.  m.  f.  of  the  cell. 
Variations  from  this  constant  value  may  be  caused  by  impurities 
on  the  silver  wire.  It  is  advisable  to  clean  the  electrode  with  a 
solution  of  potassium  cyanide  and  then  to  wash  it  carefully  with 
water. 

On  account  of  the  somewhat  high  resistance  of  the  cell,  a 
reasonably  sensitive  potentiometer  arrangement  is  required. 


A  new  procedure  is  described  for  the 
quantitative  determination  of  mercaptans 
based  on  precipitation  with  silver  nitrate. 
The  titration  is  performed  in  an  alcoholic 
solution  of  sodium  acetate,  using  enough 
alcohol  to  dissolve  the  hydrocarbon  sample, 
and  titrating  with  a  solution  of  silver  ni¬ 
trate  in  isopropyl  alcohol.  The  end  point 
is  determined  potentiometrically  using  a 
silver  electrode  as  an  indicator,  thus  avoid¬ 
ing  an  excess  of  silver  nitrate  and  eliminat¬ 
ing  the  danger  of  simultaneously  precipi¬ 
tating  impurities. 

The  method  is  applicable  to  colored  solu¬ 
tions,  as  the  selection  of  the  end  point  is 
not  dependent  on  a  color  change  of  an  indi¬ 
cator. 
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Silver 

Electrode 

CS) 

Titration 

Cell 


The  sample  is  added  to  50  cc.  of  the  alcoholic  sodium  acetate 
solution  in  the  silver  half-cell.  The  size  of  the  sample  may  vary 
according  to  the  solubility  in  alcohol  of  the  solution  examined  and 
the  amount  of  mercaptan  present  and  should  be  such  that  about 
10  to  15  cc.  of  0.01  N  silver  nitrate  solution  are  consumed.  From 
5  to  10  cc.  of  a  hydrocarbon  sample  are  usually  soluble  in  the  cell 
liquid. 

If  the  sample  (free  from  hydrogen  sulfide  and  elementary  sul¬ 
fur)  contains  mercaptan,  the  potential  of  the  silver  electrode  will 
rise  from  —0.070  to  about  —0.380  volt. 

Standard  0.01  N  solution  of  silver  nitrate  in  isopropyl  alcohol  is 
added  in  small  portions  to  the  beaker  with  occasional  stirring 
and  the  values  of  the  e.  m.  f.  of  the  cell  are  recorded.  A  sudden 
drop  of  the  potential  of  the  silver  electrode  to  less  negative  values 
occurs  at  the  end  point. 

Selection  of  End  Point.  If  titration  curves  are  con¬ 
structed  from  the  data  observed  they  appear  to  be  sym¬ 
metrical,  as  would  be  expected,  since  the  reaction  involves  two 
monovalent  ions  ( 5 ).  The  end  point  of  titration  is  therefore 
at  the  point  of  inflection  of  the  curve.  If  the  results  are  not 
AE 

plotted  the  values  of  —  are  calculated  and  the  end  point  is 

taken  where  this  value  is  a  maximum.  A  typical  titration 
curve  is  shown  in  Figure  2. 


Standard  Solution  of  Silver  Nitrate.  Solution  of  silver 
nitrate  of  0.01  N  strength  in  isopropyl  alcohol  containing  about  9 
per  cent  of  water  is  prepared  by  exact  dilution  of  a  0.1  N  stock 
solution.  The  stock  solution  is  stable  for  months  but  should 
preferably  be  kept  in  darkness.  The  dilute  0.01  N  solution  should 
be  prepared  as  needed,  but  has  been  found  to  remain  stable  for 
several  weeks.  Ethyl  alcohol  is  unsuitable  for  preparation  of 
these  solutions  because  acetaldehyde  is  slowly  formed  and  fine 
silver  powder  is  precipitated. 

Isopropyl  Alcohol.  This  must  be  free  of  aldehydic  impuri¬ 
ties.  Commercial  alcohol  is  purified  by  dissolving  0.5  gram  of 
silver  nitrate  in  1  liter  of  alcohol,  and  exposing  in  a  clear  glass 
bottle  to  direct  sunlight  for  several  hours.  The  alcohol  is  de¬ 
canted  from  the  precipitated  silver,  the  excess  silver  nitrate  is 
removed  with  sodium  chloride,  and  the  alcohol  is  redistilled.  The 
azeotropic  mixture  containing  9  per  cent  of  water  can  be  used 
directly  for  preparation  of  solutions  of  silver  nitrate,  as  this 
amount  of  water  aids  in  the  solution  of  silver  nitrate. 


Interfering  Substances  and  Conditions 

Influence  of  Solvent.  The  freedom  of  interference  by 
the  hydrocarbon  solvent  with  the  precipitation  of  silver  mer- 
cap tides  has  been  demonstrated  by  previous  workers  ( 1 ,  7). 
No  disturbing  influence  of  the  solvent  could  be  detected 
experimentally  when  titrations  were  performed  in  kerosene, 
cracked  gasoline,  amylene,  acetone,  and  various  aliphatic 
alcohols. 

Common  Impurities.  From  a  theoretical  viewpoint  sub¬ 
stances  reacting  with  silver  nitrate  and  forming  compounds 
substantially  more  soluble  than  silver  mercaptides  should 
not  interfere  with  the  procedure.  Since  the  solubility  of  silver 
mercaptides  is  very  low  and  nearly  equal  to  the  solubility  of 
silver  iodide,  the  chances  of  encountering  an  interfering  sub¬ 
stance  are  small. 

The  possible  interference  of  a  number  of  substances  likely 
to  be  encountered  in  practice  was  studied  experimentally. 
The  procedure  consisted  in  the  titration  of  a  solution  of 
mercaptan  of  known  strength,  in  the  presence  of  a  measured 
amount  of  substance  examined  for  possible  interference. 
Table  I  shows  the  results  of  analyses  of  n-butyl  mercaptan 
solutions  in  kerosene  containing  varying  amounts  of  diethyl 
disulfide. 

Table  I.  Titration  of  w-Butyl  Mercaptan  in 
Presence  of  Diethyl  Disulfide  in  Kerosene 


Reagents 


Diethyl  Disulfide 
Present 


Mercaptan 

Present 


Mercaptan 

Found 


Sodium  Acetate  in  Alcohol.  Approximately  0.1  N  solution 
of  sodium  acetate  in  96  per  cent  ethyl  alcohol  is  used  as  a  medium 
for  titration.  Ethyl  alcohol  denatured  with  benzene  or  gasoline 
was  found  suitable. 


Mole/l. 

Mole/l. 

Mole/l. 

None 

0.0297 

0.0297 

0.030 

0.0297 

0 . 0297 

0.030 

0.0297 

0.0297 

0.090 

0.00425 

0.00428 

Figure  2.  Titration  of  r-Butyl  Mercaptan  in 
Kerosene 
5-cc.  sample,  0.0295  M 


Table  II.  Impurities  Not  Influencing  Results 
Sulfur  Compounds 


% 

% 

Ethyl  sulfide 

0.1 

Ethyl  sulfone 

0.1 

Ethyl  disulfide 

0. 1-0.2 

Butyl  sulfone 

0.1 

Carbon  disulfide 

0.2 

Sodium  cymene  sulfonate 

0.1 

Thiophene 

0. 1-0.6 

/3-Trithioacetaldehyde 

0.7 

Reducing  Substances 

Formaldehyde 

0.04-0.40 

Acetaldehyde  0 . 

04-0  4 

Miscellaneous 

Nitrobenzene 

2.0 

Phenol 

0.1 

Fuchsin 

0.004 

Pyridine 

10 

Sodium  oleate 

0.1 

Light  nitrogen  basesa 

0.4 

Sodium  sulfate 

1.4 

Medium  nitrogen  bases® 

0.4 

Magnesium  sulfate  0.5  Heavy  nitrogen  bases11  0.4 

Aluminum  sulfate  0.5  Purified  naphthenic  acids®  0.4 

Sodium  bicarbonate  O.i  Crude  naphthenic  acids®  0.4 

°  Separated  from  California  crude  oil. 

By  similar  experiments  it  was  found  that  certain  substances 
had  no  influence  on  the  results  when  present  in  the  cell  in  the 
amounts  shown  in  Table  II. 
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0.000 
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1 
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/  z 
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start  of  the  experiments  the  mixtures  had  the  composition 
shown  in  Table  III. 

Influence  of  Concentration 

A  number  of  mercaptans  purchased  from  Eastman  Kodak 
Company  were  analyzed.  A  weighed  amount  was  dissolved 
in  kerosene  and  the  solution  was  titrated  at  various  dilutions. 
In  all  cases  the  end  point  was  reached  at,  or  near,  —0.100 
volt.  This  value  was  found  experimentally  to  coincide  nearly 
with  the  end  point  of  the  precipitation  of  silver  iodide  in  the 
same  solution,  from  which  it  is  concluded  that  the  soldbility 
of  silver  mercaptides  is  approximately  equal  to  (somewhat 
lower  than)  the  solubility  of  silver  iodide.  The  variations 
with  individual  mercaptans  were  too  small  to  be  considered 
for  analytical  purposes. 

Table  TV  shows  the  influence  of  dilution  on  the  analyses 
and  gives  an  estimate  of  the  absolute  accuracy  of  the  method. 


Figure  3.  Titration  of  r-Butyl  Mercaptan  in  Alcohol 


Table  IV.  Influence  of  Dilution 


1.  In  absence  of  chloride  2.  In  presence  of  chloride 


Determinations  were  not  influenced  by  the  presence  of 
chloride  ion.  The  end  point  of  mercaptan  titration  is  reached 
long  before  the  precipitation  of  the  chloride  ion  begins. 
Figure  3  shows  a  titration  of  a  solution  of  n-butyl  mercaptan, 
with  and  without  chloride  added. 

Oxidizing  Substances,  Peroxides.  The  determination 
of  mercaptans  in  the  presence  of  peroxides  is  often  required, 
although  this  fact  is  not  generally  appreciated  in  the  litera¬ 
ture  concerned  with  the  determination  of  mercaptans  in 
petroleum  products.  Occurrence  of  peroxides  in  gasolines  is 
common  and  the  oxidation  of  mercaptans  may  proceed  very 
slowly  when  both  substances  are  present  in  concentration 
often  found  in  gasolines  ( 8 ).  The  present  procedure  gives 
reliable  results  in  the  presence  of  reasonable  amounts  of 
hydrogen  peroxide,  ethyl  ether  peroxide,  and  organic  peroxides 
formed  in  cracked  gasoline  when  exposed  to  ultraviolet  light. 

In  order  to  show  that  the  proposed  method  is  applicable 
in  the  presence  of  peroxides  and  because  of  the  lack  of  any 
method  to  check  the  results  of  titrations  in  the  presence  of 
peroxides,  the  rates  of  oxidation  of  mercaptans  were  measured. 
Upon  mixing  a  solution  of  n-butyl  mercaptan  with  solutions  of 
various  peroxides,  so  that  the  resulting  mixture  was  0.01  M 
with  respect  to  both  components,  and  titrating  immediately, 
no  decrease  in  the  amount  of  mercaptan  took  place.  A 
change  could  be  noticed  only  after  several  hours. 


Table  III.  Composition  of  Mixtures 


Solution 

Solvent 

Nature  of 
Peroxide 

Active  Oxygen* 

1 

Ethyl  alcohol 

Hydrogen 

Mole/l. 

0.01 

2 

Mixture 

95%  Ethyl  alcohol 

peroxide 

Ethyl  ether 

0.01 

3 

5%  Ethyl  ether 
Mixture 

50%  Ethyl  alcohol 

peroxide 

Ethyl  ether 

0.1 

4 

50%  Ethyl  ether 
Cracked  gasoline 

peroxide 

0.01 

5 

Mixture 

95%  Hexane 

Ethyl  ether 

0.01 

0  =  16. 

5%  Ethyl  ether 

peroxide 

The  results  of  several  experiments  in  which  the  rates  of 
oxidation  were  measured  by  potentiometric  titration  of 
mercaptans  in  presence  of  peroxides  are  shown  in  Figure  4. 
The  regularity  of  the  results  suggests  that  the  peroxides  did 
not  interfere  with  the  determination  of  mercaptans.  The 
curves  represent  the  progress  of  oxidation  of  0.01  M  n-butyl 
mercaptan  in  various  solvents  by  several  peroxides.  At  the 


Mercaptan 

Present 

Found 

Purity  of  Sample 

% 

% 

% 

Ethyl 

0.3229 

0.2706 

83.8 

0.3229 

0.2761 

85.5 

0.0807 

0.0684 

84.7 

0 . 0202 

0.0176 

87.2 

Isopropyl 

0.3816 

0.3220 

84.4 

0.3816 

0.3180 

83.3 

0.3816 

0.3160 

82.8 

0.0954 

0.0789 

82.7 

0.0239 

0.0195 

81.6 

n-Butyl  (1) 

0.4109 

0.3895 

94.9 

0. 1027 

0.0968 

94.3 

0.0257 

0.0243 

94.6 

n-Butyl  (2) 

0.2877 

0.2681 

93.2 

0.2877 

0.2681 

93.2 

0.2877 

0.2681 

93.2 

0.2677 

0 . 2674 

92.9 

n-Butyl  (3) 

0.1041 

0.0971 

93.3 

0.01041 

0 . 0097 

93.2 

0.001041 

0.0010 

96.1 

Isobutyl 

0.3860 

0.3680 

95.4 

0.3860 

0.3690 

95.6 

0.0965 

0.0924 

95.8 

0.0242 

0.0231 

95.5 

n-Amyl 

0.4036 

0.3945 

97.8 

0.1009 

0.0984 

97.5 

0 . 0252 

0.0246 

97.6 

0.0252 

0.0250 

99.2 

n-Heptyl 

0.4149 

0.4110 

99.1 

0.4149 

0.4110 

99.1 

0.1037 

0.1023 

98.7 

0.0259 

0.0258 

99.6 

0.0259 

0.0258 

99.6 

Benzyl 

0.4002 

0.3898 

97.4 

o-Thiocresol 

0.4013 

0.3377 

84.2 

0.1004 

0.0846 

84.3 

0.0250 

0.0206 

82.4 

Accuracy.  The  principles  on  which  the  method  is  based 
and  the  freedom  of  interference  by  many  impurities  allow  the 
conclusion  that  the  absolute  accuracy  is  high.  The  samples 
analyzed  were  not  chemically  pure  preparations,  and  therefore 
the  purity  calculated  from  the  analyses  would  be  expected  to 
remain  below  100  per  cent,  as  it  actually  did  in  all  cases.  In 
order  to  prove  experimentally  the  absolute  accuracy,  pure 
mercaptans  should  be  analyzed.  An  attempt  was  made  to 
purify  a  sample  of  n-butyl  mercaptan  by  fractionation  in 
nitrogen  atmosphere.  The  last  fraction  boiled  at  98.0°  to 
98.3°  C.  (760  mm.  of  mercury),  had  a  refractive  index 
n2o  =  1.4425,  n2o  =  1.4392,  and  analyzed  by  the  Carius 
method  35.50  per  cent  of  sulfur  (calculated  35.57  per  cent  of 
sulfur).  A  weighed  amount  of  this  material  was  dissolved 
in  kerosene,  and  a  10-cc.  sample  was  titrated.  The  results 
of  repeated  analyses  with  checks  are  shown  in  Table  V. 

The  potentiometric  analysis  indicated  a  purity  of  93.3 
per  cent  on  the  original  sample  before  fractionation.  The 
purified  sample  analyzed  97.6  per  cent  (average)  by  the  poten¬ 
tiometric  method,  and  97.1  per  cent  by  the  iodometric  method 
of  Kimball,  Kramer,  and  Reid  (4).  A  comparison  of  the 
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physical  properties  of  the  purified  sample  with  those  given 
by  Ellis  and  Reid  (S)  for  a  pure  sample  of  n-butyl  mercaptan 
which  analyzed  100.3  per  cent  by  the  iodometric  method, 
suggests  that  the  authors’  redistilled  sample  was  still  impure. 
Since  the  analysis  for  total  sulfur  by  the  Carius  method  indi¬ 
cated  a  purity  of  99.8  per  cent,  the  sample  appears  to  have 
been  contaminated  by  an  inert  sulfur  compound. 

Table  V.  Analysis  of  n -Butyl  Mercaptan  Purified 
by  Fractionation 


Weight  of 

Concentration  of 

Purity  of 

Sample 

Kerosene  Solution 

Found 

Sample 

Gram 

Gram/ 100  cc. 

Gram 

% 

0.1376 

0.05504 

0.1344 

97.7 

0.1339 

97.3 

0.1339 

97.3 

0.1183 

0.04732 

0.1157 

97.8 

0.1152 

97.7 

0.1271 

0.05084 

0.1240 

97.6 

Av.  97.57 


Figure  5.  Titration  of  Mercaptans  in  a  Sample 
of  Cracked  Gasoline  from  California  Petroleum 


Table  VI.  Properties  of  Sample 


Boiling  point,  0  C. 

«2D5 

Purity,  % 

Iodometric  method 
Potentiometric  method 


n-Butyl  Mercaptan 

Sample  purified  by 
Ellis  and  Reid  fractionation 


98.6-99.0 
(768  mm.  Hg) 
1.4401 


98.0-98.3 
(760  mm.  Hg) 
1.4392 


100.3  97.1 

97.6 


Precision.  The  relative  accuracy  of  individual  deter¬ 
minations  is  governed  by  two  factors — the  solubility  of  the 
sample  in  alcohol  and  the  amount  of  silver  nitrate  consumed 
per  sample.  The  end  point  of  titrations  can  be  established 
with  an  accuracy  of  ±0.02  cc.  This  amount  indicates 
2  X  10  ~7  mole  of  mercaptan  in  the  sample,  which  should  be  the 
error  in  the  absolute  amount  of  mercaptan  found  in  the  titra¬ 
tion.  Consequently,  the  precision  shown  in  Table  VII  can 
be  expected,  if  10  cc.  of  sample  are  added  to  the  cell. 

Table  VII.  Precision 


Molality  of  Mercaptan  Calculated 

Sample  in  Sample0  Error 

%  % 

0.1  1.0  ±0.02 

0.01  0.1  ±0.2 

0.001  0.01  ±2.0 


“  Molecular  weight  =  100. 


The  experimental  results  of  Tables  IV  to  VI  agree  reason¬ 
ably  well  within  the  calculated  limits,  considering  that  the 
extreme  precision  indicated  by  the  calculations  for  the  titra- 


Figure  4.  Oxidation  of  0.01  M  r-Butyl  Mercaptan  by 
Peroxides  in  Various  Solvents 


tion  of  more  concentrated  solutions  could  be  verified  only  by 
observing  special  precautions.  The  somewhat  erratic  results 
obtained  with  ethyl  mercaptan  were  probably  due  to  its 
volatility. 

Table  VIII  shows  the  reproducibility  of  mercaptan  deter¬ 
minations  in  a  sample  of  cracked  gasoline  from  California 
crude;  Figure  5  shows  the  reproducibility  of  the  titration 
curves.  Since  solution  was  approximately  0.0025  M  with 
respect  to  mercaptan,  the  expected  error  was  ±0.2  X  4  = 
±0.8  per  cent.  The  maximum  discrepancy  found  experi¬ 
mentally  was  about  2.0  per  cent,  an  error  of  ±1.0  percent, 
which  is  in  reasonable  agreement  with  the  calculated  value. 


Table  VIII.  Determination  of  Mercaptans  in 


Cracked 

Gasoline  from  California 

Crude 

Size  of 
Sample 

0.01  N  AgNCh 
Required 

Mercaptan 

Mercaptan 

Sulfur 

Cc. 

Cc. 

Mole/l. 

% 

10.0 

2.70 

0.00270 

0.0115 

10.0 

2.70 

0.00270 

0.0115 

10.0 

2.70 

0.00270 

0  0115 

10.0 

2.65 

0.00265 

0.0113 
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Iron  Gallate  Inks — Liquid  and  Powder.  A  general  study 
of  iron  gallate  writing  ink  was  undertaken  at  the  National  Bu¬ 
reau  of  Standards  in  an  attempt  to  improve  the  keeping  quality 
of  ink  without  increasing  the  acid  content.  All  inks  of  this 
type  contain  iron,  and  since  the  standard  ink  contains  3  grams  of 
iron  per  liter,  this  figure  was  used  as  the  starting  point  in  devis¬ 
ing  the  ink  formulas.  Experimental  inks,  using  different  ma¬ 
terials  in  varying  concentrations,  were  prepared  and  tested  ac¬ 
cording  to  the  Federal  Specification.  The  use  of  galhc  acid 
without  tannic  acid  produced  an  ink  with  greater  stability, 
and  consequently  the  acid  content  could  be  decreased.  This,  in 
turn,  decreased  the  corrosion  of  steel  pens.  The  resulting  ink 
had  remarkably  good  stability.  This  modified  formula  could 
be  adapted  to  the  preparation  of  an  ink  powder  without  changing 
the  characteristics  of  the  ink. 


Determination  of  Phosgene 

In  Gases  from  Experimental  Fires  Extinguished  with  Carbon  Tetrachloride 

Fire-Extinguisher  Liquid 

W.  P.  YA1NT,  J.  C.  OLSEN,  H.  H.  STORCH,  J.  B.  LITTLEFIELD,  and  LEOPOLD  SCHEFLAN 
Pittsburgh  Experiment  Station,  U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa. 


IN  1920,Fieldner  and  others  (2) 
of  the  Bureau  of  Mines  pub¬ 
lished  the  results  of  an  investiga¬ 
tion  of  the  gases  formed  when 
excelsior  fires  are  extinguished 
with  carbon  tetrachloride  fire 
extinguisher  liquid  in  a  closed 
room.  In  1931,  Olsen  (6)  pub¬ 
lished  a  report  which  described 
the  results  obtained  in  a  series  of 
tests  using  the  acetone  method, 
the  caustic  soda  method,  and  the 
aniline  method  for  the  determi¬ 
nation  of  phosgene.  In  reporting 
the  results  obtained  by  the 
caustic  soda  method  it  was 
stated  “as  this  method  was  used 
by  Fieldner  and  his  associates 
this  source  of  error  must  have 
given  high  results  in  their  ex¬ 
periments.”  The  error  referred 
to  was  the  hydrolysis  of  carbon 
tetrachloride  in  the  alkaline  rea¬ 
gent  and  its  subsequent  titration 
as  phosgene.  Following  publi¬ 
cation  of  this  article  Matuszak 
(4, 5)  called  attention  to  the  pos¬ 
sibility  of  errors  in  Olsen’s  work 
which  could  equally  explain  the 
discrepancies  found. 

During  1933-34  the  manufacturers  of  carbon  tetrachloride- 
type  fire  extinguishers  collaborated  with  the  Bureau  of  Mines 
to  check  the  results  reported  by  Fieldner  and  others  (2). 
This  work  was  done  by  utilizing  the  same  test  chamber  as 
that  employed  in  1920  and  duplicating  the  test  fires,  condi¬ 
tions  of  burning,  and  test  procedure  as  nearly  as  possible, 
except  that  the  aniline  method  (1,  3),  which  is  more  specific 
for  phosgene,  was  used.  The  results  of  this  investigation  are 
in  substantial  agreement  with  those  reported  by  Fieldner  and 
others  (2). 

Two  sets  of  cooperative  experiments  were  performed,  the 
first  at  the  bureau’s  Pittsburgh  Experiment  Station  in  the 
same  chamber  originally  used  in  the  1920  tests,  and  the 
second  in  a  gas  laboratory  previously  used  by  Olsen  and 
located  at  one  of  the  manufacturer’s  plants  at  Newark,  N.  J. 
The  representatives  of  the  Bureau  of  Mines  and  of  the  manu¬ 
facturers  made  separate  determinations  of  phosgene  during 
each  series. 

It  must  not  be  concluded  that  these  tests  with  free-burning 
excelsior  fires  and  heated  iron  in  a  small  closed  chamber  show 
the  quantities  of  phosgene  which  will  be  formed  whenever 
and  under  whatever  conditions  carbon  tetrachloride-type 
extinguishers  are  employed  in  extinguishing  fires.  The  gases 
from  fires  are  influenced  by  many  factors,  such  as  the  kind 
and  amount  of  burning  materials,  the  condition  of  combus¬ 
tion,  the  moisture  present,  the  absorption  by  materials  with 
which  they  come  in  contact,  and  the  size  of  the  confining 
compartment  or  the  lack  of  confinement.  Attention  is 


directed  to  these  factors  because 
it  is  undesirable  to  have  errone¬ 
ous  conclusions  drawn  as  to  the 
usefulness  and  efficiency  of  fire 
extinguishers  of  this  type,  which 
enjoy  a  long,  well-established 
record  of  effective  service. 

Experiments  at  Pitts¬ 
burgh 

Equipment  and  Procedure. 
The  chamber  employed  at  the 
Pittsburgh  Experiment  Station 
of  the  U.  S.  Bureau  of  Mines 
is  the  one  used  in  the  previous 
investigation  (2). 

The  dimensions  are  3.8  X  3.05 
X  2.4  meters.  An  air  lock,  1  X 
1  X  2.4  meters,  permits  entering 
or  leaving  the  chamber  without 
much  dilution  of  the  chamber 
atmosphere.  The  total  volume  is 
approximately  28  cubic  meters  and 
exclusive  of  the  air  lock  is  26  cubic 
meters.  An  opening  in  the  ceiling 
is  connected  through  a  mercury- 
sealed  bell-type  valve  to  a  suction 
fan  which  provides  ventilation  or 
removal  of  the  chamber  atmos¬ 
phere  when  desired.  A  large  cir¬ 
culating  fan  is  located  at  one  end 
and  near  the  floor  of  the  cham¬ 
ber.  The  ceiling  is  galvanized  sheet  metal,  the  walls  are  approxi¬ 
mately  half  glass  and  half  sheet  metal,  and  the  floor  sheet  metal 
is  covered  with  linoleum.  The  metal  surfaces  have  had  many 
coats  of  paint  and  varnish  in  the  course  of  their  varied  use. 
The  exposed  coating  when  the  experiments  discussed  in  this 
report  were  made  was  ordinary  inside  white  paint.  The  fires 
were  built  on  sheets  of  heavy  transite  board,  supported  in  the 
center  of  the  chamber  6.3  cm.  above  the  floor  by  firebrick.  A 
sheet  of  asbestos  was  suspended  about  30  cm.  below  the  ceiling 
area,  directly  above  the  fire  to  protect  the  chamber  from  the 
flames. 

Excelsior  was  selected  as  the  combustible  material  because 
the  primary  object  of  the  work  was  to  check  the  results  of 
previous  experiments  (2)  in  which  excelsior  was  used.  In 
some  of  the  tests  the  excelsior  and  the  flames  did  not  come  in 
contact  with  any  metals;  in  others,  metal  was  present  to  a 
limited  extent  either  as  a  galvanized-wire  wastepaper  basket 
in  which  the  excelsior  was  placed,  as  steel  barrel-hoop  sections 
placed  over  the  fire,  or  as  iron  wire  supporting  a  bundle  of 
excelsior  30  cm.  (1  foot)  above  the  floor. 

The  pile  of  excelsior  was  lighted  at  several  points  near  the  base 
and  allowed  to  burn  freely  for  15  to  160  seconds  with  the  chamber 
door  open.  The  bell- valve  in  the  ventilating  duct  was  closed 
either  before  the  fire  was  lighted  or  just  before  the  extinguishing 
liquid  was  applied.  When  the  fire  had  a  good  start  the  door  was 
partly  closed  and  the  extinguisher  fluid  applied.  The  rate  of 
application  ordinarily  was  as  rapid  as  possible  to  simulate  the 
usual  conditions  of  extinguishing  a  fire  of  the  small  size  used  in 
the  experiments;  in  a  few  instances  the  application  was  slow,  to 
prolong  the  duration  of  the  small  fires  and  thereby  simulate  con- 


This  paper  presents  work  done  coopera¬ 
tively  by  the  Bureau  of  Mines  and  repre¬ 
sentative  manufacturers  of  carbon  tetra¬ 
chloride-type  fire  extinguishers  to  check 
the  values  for  phosgene  reported  by  the 
Bureau  of  Mines  in  1920  (2),  which  had  been 
criticized  (6)  on  the  basis  that  the  ana¬ 
lytical  method  used  gave  results  which 
were  too  high  owing  to  hydrolysis  of  carbon 
tetrachloride  in  the  alkaline  reagent  and 
subsequent  titration  as  phosgene.  This 
possibility  of  error  was  excluded  in  the 
present  work  by  using  the  aniline  method. 
The  results  obtained  for  phosgene  are  of 
essentially  the  same  order  and  check  the 
former  work. 

It  is  not  the  intention  of  this  bureau  to 
discourage  the  use  of  carbon  tetrachloride- 
type  fire  extinguishers,  which  are  excellent 
for  stopping  incipient  fires,  but  rather  to 
determine  the  decomposition  products 
which  may  result  from  their  use  and 
which  should  be  recognized  and  properly 
evaluated. 
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ditions  of  extinguishing  fires  larger  than  were  permitted  without 
damage  to  the  test  chamber.  In  certain  cases  the  operator  of 
the  extinguisher  was  a  representative  of  the  Bureau  of  Mines 
and  in  others  a  representative  of  the  manufacturers.  Where 
the  rate  of  extinguishing  the  fire  was  purposely  delayed,  it  was 
manifestly  necessary  to  protect  the  operator  with  a  gas  mask. 
In  no  instance  did  the  representative  of  the  manufacturers  wear 
a  mask.  The  extinguisher  fluid  was  the  preparation  marketed 
by  the  manufacturers  of  carbon  tetrachloride-type  fire  extin¬ 
guishers  and  not  ordinary  commercial  or  c.  p.  carbon  tetrachloride. 
It  was  applied  to  the  fire  with  a  standard  0. 95-liter  (1-quart) 
size  hand-operated  extinguisher.  When  the  fire  was  extinguished 
the  operator  left  the  chamber  and  closed  the  doors,  which  made  it 
gastight  except  for  a  5-cm.  (2-inch)  hole  in  one  side,  left  open  to 
accommodate  pressure  differences  created  by  cooling  of  the  air, 
which  otherwise  would  have  collapsed  the  walls. 

Tables  I  and  II  list  the  experimental  conditions.  In  seven 
of  the  thirteen  experiments  the  stirring  fan  was  operated 
after  the  fire  appeared  to  be  extinguished.  In  experiments  2, 
5,  9,  and  10  (two  with  and  two  without  the  stirring  fan  in 
operation)  the  fire  reignited,  and  it  was  necessary  to  enter 
the  chamber  three  or  four  times  and  use  the  extinguisher. 


Table  I.  Experimental  Conditions 


(Application  of  carbon  tetrachloride  fire  extinguisher  fluid  to  excelsior  fires 
and  heated  iron.  Experiments  at  Pittsburgh.) 

Loss  in 

Experi-  Rate  of  Stirring  Weight  of 

ment  Material  Used  for  Experiment  Extinguishing  Fan  Used  Excelsior 


1  1135  grams  of  excelsior  placed 

on  transits  board  on  floor  in 
center  of  chamber 

2  1135  grams  of  excelsior  in  wire 

basket  on  same  board.  Weight 
of  basket,  500  grams 

3  1135  grams  of  excelsior  in  wire 

basket  on  same  board.  Weight 
of  basket,  500  grams 

4  1135  grams  of  excelsior  in  wire 

basket  on  same  board.  Weight 
of  basket,  500  grams 

5  1135  grams  of  excelsior  in  wire 

basket  on  same  board.  Weight 
of  basket,  500  grams 

6  1135  grams  of  excelsior  placed 

on  board 

7  1135  grams  of  excelsior  placed 

on  board 

8  227  grams  placed  directly  on 

board;  control  experiment,  no 
extinguishing  liquid  used 

9  1135  grams  in  wire  basket  placed 

on  board 

10  1135  grams  of  excelsior  on  board 

and  8  semicircular  sections  of 
sheet-iron  barrel  hoops  placed 
over  excelsior 

11  1135  grams  of  excelsior  on  board 

and  8  semicircular  sections  of 
sheet-iron  barrel  hoops  placed 
over  excelsior 

12  One  end  of  15-cm.  I-beam  weigh¬ 

ing  8.7  kg.  heated  to  red  heat 


13  1135  grams  of  excelsior  sus¬ 

pended  1  meter  above  floor  by 
baling  wire  from  ceiling 

a  Not  determined. 


Rapid 

Slow 

Rapid 

Slow 

Rapid 

Rapid 
Rapid 
None  used 

Slow 

Rapid 

Rapid 


Fluid  applied 
slowly  with 
dropping 
funnel 
Rapid 


Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

Yes 

No 


Grams 

227 


136 

a 

427 

227 

a 

454 

454 

None  used 


Each  sample  was  led  through  two  simple  absorption  tubes 
of  the  petticoat  bubbler  type  in  series,  each  of  which  con¬ 
tained  25  cc.  of  the  phosgene  absorbent.  The  purifying  train 
and  connections  to  the  absorption  tubes  were  purged  with 
the  test  atmosphere  before  the  samples  were  taken. 

Of  the  two  samples  taken  simultaneously  that  taken 
through  unit  1  was  split  into  two  parts,  A  and  B  in  Table  II. 
Each  part  was  drawn  through  the  purifying  tube  by  means 
of  a  20-liter  aspirating  bottle  at  a  rate  of  1  liter  per  minute. 
Sample  C,  taken  through  purifying  unit  2,  was  started  at  the 
same  time  as  samples  A  and  B  and  was  measured  by  a  cali¬ 
brated  flowmeter.  The  sampling  rate  for  sample  C  was 
3.371  liters  per  minute  for  experiments  1  to  6,  inclusive,  and 
3.268  liters  per  minute  for  experiments  7  to  13,  inclusive. 

The  samples  taken  simultaneously  in  each  of  the  first  seven 
tests  did  not  check,  and  it  was  thought  that  the  discrepancies 
were  due  to  variations  in  the  chamber  atmosphere  at  the  two 
rather  widely  separated  sampling  points,  particularly  because 
each  was  near  a  wall  where  a  minimum  of  mixing  would  be 
expected.  Following  experiment  7,  the  inlets  to  both  puri¬ 
fying  units  were  connected  by  12-mm.  glass  tubing  to  a  com¬ 
mon  sampling  point  160  cm.  above  the  floor  at  the  center  of 
the  chamber.  This  sampling  arrangement  was  used  for  the 
remainder  of  the  experiments.  The  reaction  of  aniline  in 
aqueous  solution  with  phosgene  ( 1 ,  8)  to  form  s-diphenylurea, 
COCl2  +  4C6H6NH2  =  CO(NHC6H5)2  +  2C6H6NH2.HC1, 
has  been  found  ( 6 )  to  give  quantitative  results  for  small 
amounts  of  phosgene  in  air. 

In  preparing  the  absorption  solution  an  excess  of  aniline 
is  kept  in  a  bottle  of  distilled  water  for  a  week  with  occasional 
shaking,  then  phosgene  is  passed  through  the  solution  until  a 
permanent  precipitate  of  diphenylurea  is  formed  and  the  mixture 
is  kept  ready  for  use.  When  a  determination  is  to  be  made 
some  of  the  solution  is  filtered  several  times  through  a  Gooch 
crucible,  and  25-cc.  portions  are  placed  in  each  of  the  bubblers. 
After  the  measured  volume  of  sample  is  passed  through  the  bub¬ 
blers  they  are  allowed  to  stand  2  hours,  and  the  aniline  reagent 
is  then  filtered  through  a  weighed  Gooch.  Any  precipitate 
which  adheres  to  the  sides  of  the  bubblers  is  dissolved  in  warm 
alcohol  and  evaporated  almost  to  dryness  in  a  small  beaker  on  a 
steam  bath;  several  cubic  centimeters  of  water  are  added  and 
the  evaporation  is  continued  until  there  is  no  longer  an  odor  of 
alcohol.  This  additional  precipitate  is  then  washed  (with 
thorough  policing)  into  the  Gooch  crucible  and  the  entire  pre¬ 
cipitate  is  washed  thoroughly  with  a  solution  of  1  N  hydrochloric 
acid  saturated  with  pure  diphenylurea;  the  precipitate  is  then 
aerated  several  minutes  and  finally  dried  at  70°  to  80°  C.  to 
constant  weight. 

The  diphenylurea  is  extracted  from  the  Gooch  by  washing  with 
several  portions  of  boiling  ethyl  alcohol,  and  the  crucible  is 
again  dried  at  70°  to  80°  C.  to  constant  weight.  The  alcoholic 
extracts  were  dried  in  fared  weighing  bottles,  first  to  dryness  at 
room  temperature,  and  then  to  constant  weight  at  70°  to  80°  C. 
These  final  weights  were  used  in  calculating  the  phosgene  con¬ 
tent  of  the  gas. 


Method  of  Sampling  and  Analysis.  The  sampling  of 
the  atmosphere  in  the  chamber  was  begun  3  to  5  minutes 
after  the  extinguishing  fluid  was  applied  to  the  fire.  Two 
samples  were  taken  simultaneously,  each  through  a  purifying 
tube — a  5-cm.  glass  U-tube  with  arms  22  and  30  cm.  long. 
Figure  1  shows  a  purifying  tube  inside  the  chamber  and  a 
sampling  train  outside  the  chamber. 

The  short  arm  of  the  purifying  tube  contained  6  cm.  of  absorb¬ 
ent  cotton  at  the  top  where  the  gas  entered,  and  below  the  cotton 
12  cm.  of  10-  to  12-mesh  calcium  chloride,  previously  neutralized 
with  hydrogen  chloride  gas.  The  calcium  chloride  was  not 
included  until  experiment  7.  A  small  amount  of  cotton  was 
placed  in  the  connection  between  the  two  arms  of  the  U.  The 
long  section  of  the  purifying  tube  contained  10  cm.  of  amalga¬ 
mated  mossy  tin  at  the  bottom,  then  3  cm.  of  mossy  tin,  and  at 
the  top  15  cm.  of  closely  packed  mossy  zinc.  Both  purifying 
units  were  1  meter  above  the  floor  and  10  cm.  from  the  wall; 
unit  1  was  at  the  midpoint  of  a  long  wall,  and  unit  2  was  in  the 
far  corner  of  the  adjacent  wall. 


Figure  1.  Purifying  and  Analysis  Train 
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Table  II.  Determinations  of  Phosgene 


(In  atmospheres  created  by  application  of  carbon  tetrachloride  fire  extinguisher  fluid  to  excelsior  fires  and  heated 

in  28-cubic  meter  chamber.  Experiments  at  Pittsburgh) 

iron 

Experiment  number 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Extinguisher  fluid,  grams 

510 

1880 

540 

940 

900 

630 

625 

None 

1755 

1545 

980 

790 

1305 

Number  of  times  fire  reignited 

0 

3 

0 

0 

2 

0 

0 

0 

3 

2 

0 

o 

o 

Number  of  applications  of  extinguisher  fluid 

1 

3 

1 

1 

3 

1 

1 

0 

3 

3 

1 

1 

i 

Preliminary  burning  before  application  of  ex- 

tinguisher  fluid,  seconds 

15 

67 

51 

71 

75 

22 

23 

85 

160 

114 

52 

ft 

35 

Total  time  of  application  of  extinguisher  fluid, 

seconds 

20 

168 

15 

81 

22 

8 

14 

0 

198 

54 

33 

420 

7ft 

Volume  of  sample,  liters 

Sample  A 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

Sample  B 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

Sample  C 

Weight  of  diphenylurea  found,  mg. 

62.4 

60.7 

60.7 

60.7 

57.3 

60.7 

58.8 

58.8 

58.8 

58.8 

58.8 

32.7 

58.8 

Sample  A 

0 

31.6 

25.1 

15.0 

10.7 

10.8 

2.7 

0 

11.9 

5.8 

5.1 

21.0 

2.8 

Sample  B 

0 

24.9 

b 

b 

b 

14.5 

3.5 

0 

12.0 

6.0 

3.7 

21.5 

3.4 

Sample  C 

2.1 

47.3 

4.8 

9.5 

5.0 

9.6 

6.8 

0 

32.1 

14.9 

8.8 

33.3 

fl  fi 

Phosgene  found,  p.  p.  m.  by  volume 

Sample  A 

0 

206 

82 

49 

35 

70 

18 

0 

78 

38 

33 

137 

18 

Sample  B 

0 

162 

b 

b 

b 

95 

23 

0 

78 

39 

24 

140 

22 

Sample  G  4  92  9  18 

a  Hot  iron  beam,  no  fire.  b  A  and  B  combined  for  filtering  and  weighing. 

10 

19 

14 

0 

64 

30 

18 

119 

13 

At  a  room  temperature  of  23°  C.  and  the  usual  barometric 
pressure  at  this  location  of  740  mm.  of  mercury,  1  mg.  of 
diphenylurea  is  equivalent  to  0.1175  cc.  of  phosgene.  This 
value  may  be  calculated  in  parts  of  phosgene  per  million 
parts  of  air  by  volume  as  follows : 

„  .  ,.  ,  .  0.1175  X  1000 

1  mg.  of  diphenylurea  =  — , - -= - = — : — rr- —  p.  p.  m. 

volume  of  sample  in  liters 

Results  of  Investigation.  Table  II  gives  the  results 
obtained  from  the  experiments  at  the  Bureau  of  Mines. 
Three  determinations  (A,  B,  and  C)  were  made  during  each 
experiment.  In  experiments  3,  4,  and  5  figures  appear  for 
only  samples  A  and  C,  sample  B  having  been  combined  with 
A  after  precipitation  of  the  diphenylurea. 

In  experiments  1  to  6,  inclusive,  the  values  for  A  and  B  do 
not  check  with  sample  C,  which  was  of  much  greater  volume. 
This  discrepancy  may  be  accounted  for  by  the  different 
method  of  treatment  used  on  the  precipitates  from  A  and  B 
compared  with  that  used  for  sample  C  in  these  experiments. 

The  former  were  first  treated  with  0.5  to  1.0  cc.  of  concen¬ 
trated  hydrochloric  acid,  then  after  filtration  the  precipitates 
were  washed  with  the  filtrate  containing  aniline  and  undoubtedly 
some  aniline  hydrochloride  and  flushed  with  air  to  remove  the 
aniline  by  vaporization.  Sample  C  was  washed  thoroughly  four 
or  five  times  with  10  to  20  cc.  of  a  1  A  solution  of  hydrochloric 
acid  saturated  with  pure  diphenylurea  and  filtered  before  use. 
The  treatment  used  for  sample  C  was  also  used  for  all  samples 
from  tests  7  to  13,  inclusive.  Its  suitability  had  been  checked 
previously  by  determination  of  known  concentrations  of  pure 
phosgene  in  air  and  by  washing  known  weights  of  pure  diphenyl¬ 
urea  in  the  same  manner  and  drying  again  to  constant  weight. 

It  is  possible  that  the  treatment  used  for  samples  A  and  B 
in  experiments  1  to  6  allowed  varying  amounts  of  aniline  and 
aniline  hydrochloride  to  be  retained  with  the  precipitate  and 
calculated  as  phosgene,  which  accounts  for  the  unusually 
high  results  found  where  it  was  used.  The  treatment  used 
for  sample  C  permitted  more  thorough  washing  of  the  pre¬ 
cipitate  without  appreciable  loss.  The  precipitates  from 
experiments  1  to  6  were  yellow-brown,  probably  owing  to  the 
presence  of  small  amounts  of  tar  or  to  oxidation  during 
drying  of  the  aniline  or  aniline  hydrochloride  retained  in 
samples  A  and  B,  but  in  all  cases  sample  C  had  definite 
crystals  of  diphenylurea  which  were  easily  recognized  under 
the  microscope.  Virtually  white  precipitates  were  obtained 
after  the  calcium  chloride  had  been  placed  in  the  purifying 
tube,  and  the  more  thorough  method  of  washing  was  applied 
to  all  of  the  precipitates,  experiments  7  to  13,  inclusive.  It 
was  observed  that  the  tar  and  smoke  collected  on  the  calcium 
chloride  granules.  In  experiment  8,  where  no  extinguisher 
fluid  was  used,  no  precipitate  was  obtained. 

Another  possible  cause  for  differences  in  the  results  for 
samples  A  and  B  compared  with  C  for  tests  1  to  6,  inclusive, 


and  also  test  7,  was  variation  in  the  composition  of  the 
chamber  air  at  the  two  widely  separated  inlets  to  the  sampling 
tubes;  samples  A  and  B  were  taken  from  one  side  of  the 
chamber  and  sample  C  from  a  far  corner.  Figure  1  shows 
the  connection  to  the  common  sampling  tube  to  the  center 
of  the  chamber  that  was  used  in  tests  8  to  13,  inclusive. 

Purity  of  Diphenylurea  Precipitates  and  Control 
Experiments  on  Procedure.  Melting  point  determina¬ 
tions  were  made  on  the  precipitates  obtained  in  several  of 
the  C  samples,  Table  II.  The  results  obtained  were :  Sample 
2-C,  228°  to  230°  C.;  sample  4-C,  228°  to  231.5°  C.;  sample 
10-C,  214°  to  222°  C.;  sample  11-C,  228°  to  230°  C.;  and 
sample  13-C,  233°  C. 

These  melting  points  were  obtained  without  any  purifica¬ 
tion  or  recrystallization  of  the  precipitate.  A  Thiele  melting 
point  tube  and  a  Bureau  of  Standards  calibrated  thermometer 
were  used. 

The  melting  points  of  samples  A  were  also  determined,  as 
follows:  Sample  2-A,  183°  to  190°  C.;  sample  3-A,  soft  at 
ordinary  temperatures;  -sample  4-A,  181°  C.;  sample  5-A, 
160°  C.;  sample  6-A,  164°  C.;  sample  9-A,  220°  C.;  sample 
10-A,  210°  C.;  sample  11-A,  215°  C.;  and  sample  12-A, 
240°  C.  This  indicates  that  the  latter  samples  up  to  6-A 
contained  a  much  greater  amount  of  impurity,  which  may 
therefore  account  for  the  high  results  found  for  these  samples 
in  Table  II. 

To  obtain  a  sample  of  pure  diphenylurea  for  a  melting  point 
determination  the  precipitates  remaining  from  experiments 
9-C,  10-C,  11-C,  and  13-C,  47.3  mg.  in  all  were  taken  up  in  10 
cc.  of  hot  ethyl  alcohol,  evaporated  to  about  half,  then  10  cc. 
of  water  and  1  cc.  of  hydrochloric  acid  were  added.  Diphenyl¬ 
urea  is  fairly  soluble  in  this  mixture  and  sparingly  soluble  in 
water,  but  as  the  objective  was  only  a  purer  specimen  and  not 
a  quantitative  yield,  the  mixture  was  filtered  through  a  What¬ 
man  No.  42  paper  and  the  precipitate  washed  thoroughly  with 
water.  It  was  then  extracted  with  20  cc.  of  hot  absolute  alco¬ 
hol  and  evaporated  slowly  to  dryness  in  a  weighing  dish  and 
dried  to  constant  weight  at  60°  C.  A  total  of  19.6  mg.  of  crystals 
was  obtained,  which  melted  at  235.6°,  236.5°,  and  236.5°  C. 
in  three  determinations.  The  melting  point  given  for  diphenyl¬ 
urea  in  the  International  Critical  Tables  is  235°  C. 

For  a  control  experiment  535  p.  p.  m.  of  hydrogen  chloride  and 
356  p.  p.  m.  of  chlorine  were  put  in  the  chamber  and  1 10  liters  were 
sampled  at  11  liters  per  minute  through  two  bubblers,  each  of 
which  contained  25  cc.  of  aniline  water.  The  gases  were  passed 
through  the  same  purifying  system  that  had  been  used  for  the 
samples  of  gases  from  the  fires.  No  precipitate  was  formed. 
This  indicated  that  these  gases,  which  may  be  present  in  the  gases 
from  fires  extinguished  with  carbon  tetrachloride  extinguishing 
liquid,  did  not  interfere  with  the  determination  of  phosgene  by 
the  method  used. 

When  23.2  p.  p.  m.  of  phosgene  were  added  to  this  mixture  of 
hydrogen  chloride  and  chlorine  in  air  and  a  275.5-liter  sample  was 
taken  at  a  rate  of  11.02  liters  per  minute  for  25  minutes,  19  mg. 
of  diphenylurea,  equivalent  to  8.1  p.  p.  m.  of  phosgene,  were 
found. 
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The  chamber  was  ventilated,  and  20.5  p.  p.  m.  of  phosgene  were 
added  from  the  cylinder,  which  had  been  thoroughly  flushed  out 
by  allowing  the  gas  in  the  cylinder  to  escape  and  be  replaced  by 
vaporization  of  the  liquid.  A  sample  taken  for  25  minutes  at 
a  rate  of  11.02  liters  per  minute  yielded  47.2  mg.  of  diphenylurea, 
equivalent  to  20.1  p.  p.m.  of  phosgene. 

Experiment  8  (Tables  I  and  II)  was  duplicated,  using  1135 
grams  of  excelsior,  which  was  ignited  and  allowed  to  burn  for 
30  seconds  with  no  ventilation,  then  smothered  with  a  large 
metal  can.  The  heavy  smoke  was  stirred  and  a  188.8-liter 
sample  taken  in  20  minutes  through  five  parallel  sets  of  two  bub¬ 
blers  with  25  cc.  of  the  aniline  reagent  in  each.  The  samples 
were  combined  and  filtered  and  treated  the  same  as  a  regular 
phosgene  determination.  A  small  amount  of  black  precipitate 
was  obtained,  which  weighed  1.5  mg.,  but  when  calculated  as 
phosgene  on  the  assumption  that  the  precipitate  was  diphenyl¬ 
urea  it  would  be  equivalent  to  only  0.93  p.  p.  m. 

When  10  p.  p.  m.  of  phosgene  were  added  to  this  same  atmos¬ 
phere,  stirred  for  5  minutes,  and  sampled  and  analyzed  by  the 
same  procedure  used  in  the  previous  experiment,  6.4  mg.  of 
precipitate,  equivalent  to  4  p.  p.  m.  of  phosgene  or  40  per  cent 
of  that  added,  were  obtained. 

A  concentration  of  approximately  4000  p.  p.  m.  of  carbon 
tetrachloride  vapor  was  made  in  a  small  chamber  by  evaporating 
a  dish  of  the  liquid  on  a  hot-plate.  Thirty-six  liters  of  this  gas 
were  sampled  through  two  bubblers  in  series  containing  25  cc. 
of  the  aniline  reagent  in  each  at  2  liters  per  minute.  No  precipi¬ 
tate  was  observed  in  the  reagent  after  standing  for  2  hours.  It 
was  observed  in  other  work  that  approximately  0.5  mg.  of  di¬ 
phenylurea  precipitate  was  readily  visible  in  the  solution. 

A  fire  made  by  lighting  1135  grams  of  excelsior  was  allowed 
to  burn  18  seconds  with  the  chamber  exhaust  valve  closed,  and 
then  was  extinguished  in  78  seconds  with  973  grams  of  extin¬ 
guisher  liquid.  A  sample  was  started  immediately  and  taken 
for  20  minutes  at  a  rate  of  9.44  liters  per  minute,  total  188.8 
liters,  with  the  stirring  fan  on  continuously.  The  final  alcoholic 
extract  of  the  diphenylurea  was  allowed  to  evaporate  slowly  and 
before  it  became  dry  14.6  mg.  of  large  crystals,  needles  2  to  3 
cm.  long,  were  lifted  out  on  a  spatula.  These  had  a  melting 
point  of  231.6°  C.  and  represented  9.0  p.  p.  m.  of  phosgene. 
The  remainder,  upon  drying,  weighed  18.2  mg.  and  represented 
11.3  p.  p.  m.  of  phosgene  or  a  total  of  20.3  p.  p.  m. 

Experiments  at  Newark 

A  chamber  was  constructed  early  in  1934  in  the  plant  of 
one  of  the  manufacturers  in  Newark,  N.  J.,  to  continue 
combustion  researches  previously  carried  out  in  a  temporary 
structure.  This  chamber  is  similar  in  many  respects  to  that 
at  the  Pittsburgh  Experiment  Station  of  the  Bureau  of 
Mines. 

The  dimensions  are  approximately  3X5X2  meters.  The 
volume,  including  window  bays  and  door  frame,  is  approximately 
32  cubic  meters.  The  walls  and  floor  are  concrete,  and  the  ceil¬ 
ing  is  transite  asbestos  board.  It  has  five  steel  casement  win¬ 
dows,  70  X  100  cm.  (four  opening  to  the  outside  and  one  to 
the  laboratory)  and  a  door  in  the  end  of  the  laboratory  wall. 
The  inside  of  the  chamber  had  been  given  two  heavy  coats  of 
sodium  silicate  and  then  brushed  with  dilute  hydrochloric  acid 
previous  to  its  use  for  experiments  with  fires. 

Experiments  similar  to  those  at  the  Bureau  of  Mines  were 
conducted  in  this  chamber,  but  no  phosgene  had  been  found 
when  18-  to  36-liter  samples  were  taken  over  a  36-minute 
sampling  period.  A  very  small  amount  of  phosgene  was 
found  when  iron  sheets  were  suspended  over  the  fire. 

Since  these  results  did  not  check  those  obtained  at  the 
Bureau  of  Mines  the  bureau  agreed  to  send  representatives 
to  Newark  for  cooperative  work  to  ascertain  the  cause  of  the 
apparent  discrepancy. 

Method  of  Sampling  and  Analysis.  The  same  analytical 
methods  were  used  as  in  the  Pittsburgh  work,  except  for  a 
few  minor  changes. 

The  purifying  unit  was  slightly  smaller,  being  one  straight 
glass  tube,  5.7  X  38  cm.,  with  the  inlet  at  the  top.  The  sample 
passed  through  a  2.5-cm.  layer  of  absorbent  cotton,  7  cm.  of 
“dessichlora,”  10  cm.  of  20-mesh  zinc,  10  cm.  of  mercuric  sulfide 
on  8-  to  10-mesh  pumice,  and  5  cm.  of  20-mesh  zinc.  For  separat¬ 
ing  the  precipitates  of  diphenylurea  from  the  aniline  reagent, 
Gooch  crucibles  with  medium-fine  sintered-glass  disks  were  used 


instead  of  the  asbestos-mat  type.  These  crucibles  with  the 
precipitates  came  to  constant  weight  after  drying  at  70°  C.  for 
2  hours.  Large  bubblers  with  50  cc.  of  aniline  water  were  used 
in  sets  of  two  in  series  for  each  sample.  Eighteen-  to  51-liter 
samples  were  taken  through  the  phosgene  absorbent  with  aspira¬ 
tor  bottles,  and  larger  113-  to  229-liter  samples  were  taken  by 
means  of  a  suction  pump  and  measured  with  a  drymeter.  The 
drymeter  was  checked  against  the  aspirator  bottles  and  found  to 
agree  within  2  per  cent  on  a  36-liter  sample.  Corrections  were 
applied  to  compensate  for  reduced  pressure  in  the  sampling  sys¬ 
tem  due  to  resistance  of  the  purifying  tower  and  bubblers.  This 
did  not  exceed  40  cm.  of  water  or  a  volume  correction  of  about 
4  per  cent. 

Experiments  with  Pure  Phosgene.  Table  III  gives  the 
results  of  experiments  in  which  pure  phosgene  was  admitted 
to  the  chamber  for  the  purpose  of  checking  the  possibility  of 
losing  phosgene  by  reaction  with  the  siliceous  coating  on  the 
walls.  The  first  section  of  Table  III  includes  results  of 
experiments  made  with  the  chamber  in  the  condition  in  which 
it  had  been  used  previously  for  experiments  with  fires  in 
which  no  phosgene  was  found.  An  old,  very  small  purifying 
train,  which  had  been  used  for  experiments  with  fires,  was 
included  in  the  first  two  of  these  experiments;  the  second  two 
sets  of  samples  were  taken  directly  from  the  chamber  to  the 
bubblers.  The  results  for  experiments  1,  3,  5,  and  7  show 
no  phosgene  when  18-liter  samples  (the  size  used  for  experi¬ 
ments  with  fires  in  this  chamber)  were  examined,  although 
5.67  to  22.9  p.  p.  m.  of  phosgene  had  been  put  into  the 
chamber.  With  much  larger  samples  (113  liters)  the  recovery 
was  only  from  a  trace  to  11  per  cent  of  the  amount  introduced. 
When  22.9  p.  p.  m.  of  phosgene  were  put  into  the  chamber  in 
the  fourth  of  these  experiments,  not  enough  remained  after 
a  half  hour  to  detect  by  odor,  which  indicates  the  amount 
present  was  less  than  5.6  p.  p.  m.  (Chemical  Warfare  Service, 
American  University  Experiment  Station,  Washington,  D.  C.) 

Table  III.  Experiments  with  Pure  Phosgene  Introduced 
into  Chamber  at  Newark 

Air 


Added 

Time  of 

Di¬ 

Experi¬ 

COCI2  Put  into 

with 

Sample 

Sam¬ 

phenyl¬ 

COCh 

ment 

Chamber 

Gas 

Taken 

pling 

urea 

Found  Recovery 

Cc. 

P.  p.  m. 

Liters 

Liters 

Min. 

Mg. 

P.  p.  m. 

% 

1“ 

250 

5.67 

b 

18 

36 

0 

0 

0 

113 

33 

Trace 

Trace 

3“ 

750 

22.5 

b 

18 

36 

0 

0 

o' 

113 

30 

1.6 

1.6 

7 

5 

750 

22.9 

19.8 

18 

36 

0 

0 

0 

113 

30 

1.8 

1.8 

8 

7 

750 

22.9 

16.1 

18 

36 

0 

0 

0 

113 

36 

2.4 

2.5 

11 

Chamber  Sprayed  with  Bakelite 

Lacquer 

8 

750 

22.9 

31.0 

18 

36 

2.7 

17.3 

75.5 

113 

29 

8.6 

8.8 

38.0 

9 

3000 

91.6 

b 

113 

31 

0 

0 

0' 

10 

290 

8.8 

5.7 

113 

29 

2.4 

2.5 

28.0 

11 

580 

17.6 

17.0 

18 

26 

0 

0 

0  d 

113 

27 

3.9 

3.9 

22.04 

12 

580 

17.6 

17.0 

18 

31 

2.6 

16.7 

944 

(4-  gases  from  test  11) 

113 

29 

11.4 

11.6 

654 

14 

580 

17.6 

18.4 

18 

40 

1.1 

7.0 

39* 

113 

40 

10.0 

10.2 

58 

15 

580 

17.6 

22.6 

36 

21.5 

0 

0 

0/ 

113 

22 

0 

0 

0 

16 

580 

17.6 

50.9 

36 

18 

3.7 

11.9 

68 

113 

18 

7.3 

7.5 

43 

17 

580 

17.6 

31.9 

51 

32 

4.9 

11.1 

63 

113 

32 

6.3 

6.4 

36 

“  Analysis  of  phosgene  used  in  experiments  1  and  3  gave  a  purity  of 
74.4  and  98.4  per  cent.  For  the  other  experiments  analysis  showed  a  purity 
of  100  per  cent.  These  values  were  used  in  calculating  p.  p.  m. 

6  Not  determined. 

c  The  phosgene  was  allowed  to  remain  in  the  chamber  2.5  hours  to  satu¬ 
rate  the  walls,  after  which  the  room  was  ventilated  and  a  test  was  run 
which  showed  that  no  phosgene  was  present  in  the  atmosphere. 

4  With  fire  gases  from  smothered  excelsior  fire. 

e  Stirring  fan  on  only  before  sampling. 

/  With  fire  gases  and  a  freshly  prepared  purifying  tower. 


These  experiments  show  that  the  chamber  absorbed  phos¬ 
gene  rapidly  and  provide  an  acceptable  explanation  for  the 
failure  to  find  phosgene  in  previous  experiments  with  fires  in 
this  chamber.  The  rapid  absorption  very  probably  was  due 
to  adsorption  by  the  silica  gel  formed  on  the  walls  by  first 
coating  them  with  sodium  silicate  and  then  treating  with 
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dilute  hydrochloric  acid.  Reaction  with  moisture  on  this 
kind  of  a  surface  would  hasten  removal  of  the  phosgene. 
The  cold  concrete  walls  were  continually  wet  from  condensa¬ 
tion  of  moisture  from  the  atmosphere. 


Table  IV.  Determination  of  Purity  of  Phosgene  Used  in 
Newark  Experiments 


Experiment 

Phosgene 

Used 

Air  Added 
for  Dilution 

Tempera¬ 

ture 

Diphenyl¬ 

urea 

Purity 

Cc. 

Liters 

°  C. 

Mg. 

% 

2 

5.05 

1 

30 

32.0 

74.4 

4 

12.50 

2 

22 

107.7 

98.4 

22 

12.10 

28 

24 

109.1 

103.7 

Table  V.  Experimental  Conditions  for  Application  of 
Carbon  Tetrachloride  Fire  Extinguisher  Fluid  to 
Excelsior  Fires 


(Experiments  at  Newark.  Material  used,  1135  grams  of  excelsior  placed  on 
transite  board  on  floor  in  center  of  chamber.) 


Experiment 

Rate  of 
Extinguishing 

Stirring 
Fan  Used 

Loss  in  Weight  of 
Excelsior 

13 

Rapid 

No 

Grams 

a 

18 

Rapid 

No 

303 

19 

Rapid 

No 

624 

20 

Slow 

No 

737 

21 

Slow 

No 

595 

“  Not  determined. 


Following  experiment  7  the  chamber  was  cleaned  and 
sprayed  with  two  coats  of  a  Bakelite-type  varnish.  After 
the  varnish  had  dried  overnight,  further  experiments  were 
made  on  the  reaction  of  phosgene  with  the  chamber  walls. 
In  6  experiments  where  8.8  to  22.9  p.  p.  m.  of  phosgene  were 
added,  with  and  without  fire  gases  present,  the  recovery  was 
22.0  to  94.0  per  cent.  However,  in  another  experiment 
(No.  15)  when  a  freshly  prepared  purifying  tower  was  used 
and  fire  gases  were  present  the  recovery  was  zero  after  the 
addition  of  17.6  p.  p.  m.  The  fire  gases  present  in  tests  11, 
12.  and  15  were  produced  by  igniting  1135  grams  of  excelsior 
in  the  chamber  and  smothering  with  a  large  metal  can. 

Table  IV  gives  the  results  of  three  experiments  performed 
to  determine  the  purity  of  the  phosgene  used  in  these  tests. 
The  phosgene  was  taken  directly  from  the  cylinder  of  com¬ 
pressed  (liquefied)  gas  into  a  gas  buret,  using  mercury  as  the 
confining  liquid.  The  measured  volume  was  then  diluted 
with  air  and  passed  through  aniline  water,  the  analytical 
method  used  being  the  same  as  that  described  previously. 
The  result  found  in  experiment  2  (74.4  per  cent)  was  low; 
therefore  the  valve  was  first  opened  to  allow  the  gas  above  the 
liquid  to  escape  and  be  displaced  by  freshly  vaporized  phos¬ 
gene.  When  this  precaution  was  taken  the  gas  from  the 
cylinder  was  found  to  be  over  98  per  cent  pure  phosgene. 
These  results  were  used  as  a  basis  for  calculating  the  amounts 
of  phosgene  added  to  the  chamber. 

Results  of  Experiments  with  Fires.  When  it  was 
ascertained  that  after  varnishing  the  surfaces  about  50  per 
cent  of  the  phosgene  which  was  put  into  the  chamber  could 
be  recovered  in  a  36-minute  sampling  period,  five  experiments 
with  fires  were  made  igniting  1135  grams  of  excelsior  and 
extinguishing  the  fire  with  carbon  tetrachloride  fire  ex¬ 
tinguisher  liquid,  the  experimental  procedure  being  similar 
to  that  employed  at  Pittsburgh.  Table  V  gives  the  condi¬ 
tions  and  Table  VI  the  results  of  these  experiments. 

All  the  fires  were  made  with  the  excelsior  placed  on  a  transite 
board  platform  180  X  122  cm.,  placed  near  the  center  of  the 
chamber  and  supported  7  cm.  above  the  floor  by  tiles.  A  transite 
board  shield  of  the  same  size  was  suspended  25  cm.  below  the  ceil¬ 
ing  to  protect  it  and  the  ventilating  valve.  The  excelsior  was 
placed  loosely  on  the  transite  boards  and  ignited  around  the  edges, 
except  in  experiment  20,  in  which  it  was  hollowed  out  and  lighted 
under  the  pile. 


The  amount  of  phosgene  found  in  these  experiments  ranged 
from  3.5  to  34.8  p.  p.  m.  The  precipitate  from  experiment 
13,  which  showed  34.8  p.  p.  m.,  was  not  subjected  to  melting 
point  or  refractive-index  tests.  In  this  experiment  the  fire 
reignited  and  was  allowed  to  burn  during  sampling  until  all 
the  excelsior  was  consumed. 

Large  and  small  samples  were  taken  in  the  Newark  experi¬ 
ments,  as  in  those  conducted  at  Pittsburgh.  One  56.6-liter 
sample  was  taken  in  experiment  13,  but  in  each  of  the  other 
four  experiments  with  fires  a  small  36-liter  sample  and  a  large 
176-  to  229-liter  sample  were  taken.  This  same  arrangement 
was  carried  out  in  the  experiments  with  pure  phosgene  in 
the  chamber  at  Newark.  The  results  from  the  larger  samples 
are  considered  more  reliable  because  the  errors  in  weighing 
and  from  contamination  of  the  precipitate  with  the  aniline 
reagent  or  losses  from  solubility  of  the  precipitate  are  smaller 
in  proportion  to  the  weight  of  the  precipitate. 

All  precipitates  from  the  5  fire  experiments  reviewed  in 
Table  V  were  practically  white;  very  little  tar  was  observed, 
probably  because  the  larger  amount  of  fine  material  in  the 
purifying  tower  was  more  effective  in  removing  it.  The 
melting  points  of  the  precipitates  examined  were  much  closer 
to  the  accepted  value,  235°  C.,  than  those  found  in  the 
Pittsburgh  tests;  in  fact,  several  agreed  closely  with  the  melt¬ 
ing  points,  239°  to  239.5°  C.,  found  for  a  specimen  of  East¬ 
man  Kodak  Company’s  pure  diphenylurea  when  determined 
under  the  same  conditions  with  the  same  thermometer.  A 
microscopic  examination  of  the  crystals  for  shape  and  refrac¬ 
tive  index  also  showed  close  agreement  with  crystals  of  the 
diphenylurea  obtained  from  the  Eastman  Kodak  Company. 


Table  VI.  Determinations  of  Phosgene 


(In  atmospheres  created  by  application  of  carbon  tetrachloride  fire  ex¬ 
tinguisher  fluid  to  excelsior  fires  in  a  32-cubic  meter  chamber.  Experiments 

at  Newark.) 

Experiment  number  13  18  19  20  21 

Extinguisher  fluid,  grams  1308  991  936  960  1227 


Number  of  times  fire  reignited. 

Number  of  applications  of  ex¬ 
tinguisher  fluid 

Preliminary  burning  before  appli¬ 
cation  of  extinguisher  fluid, 
seconds 

Total  time  of  application  of  ex¬ 
tinguisher  fluid,  seconds 

Volume  of  sample,  liters 
Sample  A 
Sample  B 

Weight  of  diphenylurea  found,  mg. 
Sample  A 
Sample  B 

Phosgene  found,  p.  p.  m.  by  volume 
Sample  A 
Sample  B 


1° 

0 

0 

0 

0 

I 

1 

1 

1 

1 

30 

47 

32 

25 

25 

30 

11 

28 

73 

60 

56.5 

36 

36 

36 

36 

229 

199 

205 

176 

17.0 

1.9 

3.9 

7.0 

6.0 

6.8 

15.6 

35.4 

30.5 

34.8 

6.1 

12.5 

22.5 

19.3 

3.4 

9.0 

19.9 

20.0 

a  This  fire  reignited  4  minutes  after  it  was  extinguished  and  burned  for 
2  minutes  during  the  sampling. 


Table  VII.  Melting-Point  Determinations  and  Micro¬ 
scopic  Examinations  of  Diphenylurea  Precipitates 


(From  experiments  with  fires  extinguished  with  carbon  tetrachloride  fire 
extinguisher  fluid  at  Newark.) 


Approximate 
Purity  from 
Microscopic 

Beta 

Sample 

Melting  Point3 

0  C. 

Examination 

% 

Index 

13 

b 

6 

6 

18  A 

221.5 

80  to  90 

1.62 

B 

235.5 

75 

1.62 

19  A 

232.5 

80 

1.62 

B 

235.5  to  237.5 

80  to  90 

1.62 

20  A 

229.5  to  235.5 

90  to  100 

1.62 

B 

238.5  to  239.5 

95  to  100 

1.62 

21  A 

229.5  to  234.5 

90 

1.62 

B 

235.5  to  238.5 

90  to  100 

1.62 

Eastman  Kodak  Company’s 
diphenylurea 

239  to  239.5 

100 

1.62 

Eastman  Kodak  Company’s 
diphenylurea  recrystal- 

238.5  to  239.5 

100 

1.62 

of  7 P. ' 


a  The  thermometer  used  was  compared  with  a  Bureau  of  Standards 
calibrated  thermometer,  and  the  necessary  corrections  were  made. 
b  Not  determined. 
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In  all  cases  the  beta  index  was  1.62.  Table  YII  gives  the 
melting  points  found  for  these  precipitates  and  an  estimate  of 
the  approximate  purity  of  each  precipitate  as  judged  from  its 
appearance  under  the  microscope. 

Absorption  and  Reaction  of  Phosgene 

Attention  is  called  to  the  importance  of  using  materials  for 
test  chambers  which  absorb  minimum  amounts  of  phosgene, 
as  this  gas  is  highly  reactive.  Many  contradictory  results 
as  to  the  formation  and  nonformation  of  phosgene,  reported 
by  different  investigators  engaged  in  work  similar  to  that 
described  in  this  paper,  may  be  due  to  overlooking  this  im¬ 
portant  detail. 

Summary 

An  article  of  comparatively  recent  publication  ( 6 )  criticized 
the  results  previously  reported  by  the  Bureau  of  Mines  in 
measuring  phosgene  in  the  gases  from  excelsior  fires  which 
were  extinguished  by  carbon  tetrachloride  on  the  basis  that 
the  analytical  method  gave  erroneously  high  values.  This 
bureau,  with  the  cooperation  of  the  manufacturers  of  the 
carbon  tetrachloride-type  fire  extinguisher,  has  repeated  the 
investigation  under  a  reproduction  of  the  former  conditions, 
except  that  a  different  analytical  method  was  used.  The 
phosgene  found  in  these  sixteen  experiments  in  which  excelsior 
fires  were  extinguished  in  a  small  sealed  chamber  ranged 
from  4  to  92  p.  p.  m.  by  volume,  with  an  average  of  23.6 


p.  p.  m.  When  carbon  tetrachloride  was  dropped  on  an 
I-beam  previously  heated  to  red  heat  and  without  fire  present, 
the  amount  of  phosgene  found  was  1 19  p.  p.  m.  These  results 
are  in  substantial  agreement  with  those  formerly  reported  by 
the  Bureau  of  Mines.  The  report  gives  a  detailed  description 
of  the  experimental  procedures  and  methods  and  a  tabulation 
of  the  results  obtained.  The  rapid  reaction  of  the  phosgene 
formed  with  other  products  of  fire  gases  and  with  walls  of  the 
rooms  in  which  the  tests  were  made  is  pointed  out  and 
briefly  discussed. 

Acknowledgment 

Acknowledgment  is  given  with  thanks  to  Alton  Gabriel, 
associate  chemist,  Nonmetallic  Minerals  Experiment  Station, 
U.  S.  Bureau  of  Mines,  New  Brunswick,  N.  J.,  for  making  the 
examinations  of  the  diphenylurea  crystals. 

Literature  Cited 

(1)  Biesalski,  E.,  Z.  angew.  Chem.,  37,  314  (1924). 

(2)  Fieldner,  A.  C.,  Katz,  S.  H.,  Kinney,  S.  P.,  and  Longfellow,  E.  S., 

J.  Franklin  Inst.,  190,  543-64  (1920). 

(3)  Kling  and  Schwartz,  Compt.  rend.,  168,  773-5,  891-3  (1919). 

(4)  Matuszak,  M.  P.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  6,  374  (1934). 

(5)  Matuszak,  M.  P.,  Ibid.,  6,  457  (1934). 

(6)  Olsen,  J.  C.,  Ferguson,  G.  E.,  Sabetta,  V.  J.,  and  Scheflan,  Leo¬ 

pold,  Ibid.,  3,  189-91  (1931). 

Received  October  11,  1935.  Published  by  permission  of  the  Director, 
TJ.  S.  Bureau  of  Mines.  (Not  subject  to  copyright.) 


Analyses  and  Softening  Temperatures 

of  Coal  Ash 

From  Coals  in  the  Northern  Anthracite  Field 


DAVID  J.  JONES  AND  E.  L.  BULLER,  The  Hudson  Coal  Company,  Scranton,  Pa. 


A  REVIEW  of  the  technical  literature  discloses  very  little 
information  on  the  chemical  composition  of  coal  ash 
and  its  relation  to  fusibility  and  clinker  formation  from 
Pennsylvania  anthracites,  particularly  for  coals  from  the 
northern  anthracite  field.  This  paper  has  been  written  to 
supply  data  of  this  nature,  to  give  a  description  of  a  method 
of  minimizing  clinkering  troubles  by  means  of  draft  control 
or  the  maintenance  of  oxidizing  conditions  in  the  fuel  bed, 
and  to  illustrate  a  very  simple  method  of  estimating  the  ash¬ 
softening  temperature  from  the  chemical  composition. 

Table  I  contains  analyses  and  softening  temperatures  of 
six  samples  of  prepared  anthracites,  as  marketed,  selected 
from  various  localities  in  the  northern  anthracite  field,  and 
of  two  composite  samples,  made  up  by  mixing  a  number  of 
individual  samples  taken  from  different  veins  throughout  the 
northern  anthracite  field.  The  ash-forming  constituents 
of  these  coals  consist  mainly  of  high-fusing  silica  and  alumina, 
with  lesser  amounts  of  the  oxides  of  iron,  calcium,  magne¬ 
sium,  and  the  alkalies.  The  latter,  with  the  exception  of 
the  oxides  of  iron,  do  not  materially  affect  the  softening 
temperature  on  account  of  their  small  quantities. 

The  copper  shown  in  the  analyses  of  two  of  these  samples 
has  been  included  because  of  its  rarity  in  the  ash  of  an  an¬ 
thracite  and  because  of  its  possible  effects  as  a  catalyst  in 
certain  processes  of  coal  treatment.  The  mineralogical 
constituents  of  coal  ash  as  given  by  Marson  and  Cobb  (4) 
are  shown  in  Table  II. 


Draft  Control  to  Minimize  Clinker  Formation 

Diming  the  past  3  years  the  writers  have  carried  out  a 
number  of  experiments,  both  in  the  laboratory  and  on  full- 
size  combustion  equipment,  using  anthracites  from  Penn¬ 
sylvania,  Wales,  Scotland,  Russia,  and  the  Chinese  Republic, 
and  also  coke  and  bituminous  coal,  for  the  purpose  of  obtain¬ 
ing  further  data  on  the  causes  of  clinker  formation  and  possible 
means  of  controlling  it.  The  results  of  these  investigations 
indicate  that  the  ash-softening  temperature  of  Pennsylvania’s 
northern  field  anthracites,  over  the  softening  temperature 

Table  I.  Chemical  Analyses  and  Softening  Temperatures 
of  Coal  Ashes 

(From  various  localities  in  northern  anthracite  field  of  Pennsylvania) 


Constituent 

A 

B 

C 

D 

E  ■ 

F 

G 

H 

Si02 

55.00 

55.70 

56.62 

55.10 

56.08 

55.04 

55.4 

56.5 

AhOs 

38.12 

36.75 

30.78 

36.03 

34.92 

31.80 

31.1 

36.0 

Fe2C>3 

2.06 

3.05 

7.62 

4.24 

4.05 

8.12 

10.1 

3.8 

Ti02 

1.82 

1.32 

1.10 

1.52 

0.96 

1.22 

1.8 

1.2 

CuO 

0.09 

0.04 

.  .  . 

MnO 

o!o3 

6' 08 

0.10 

0.05 

6.10 

0.i2 

CaO 

1.20 

1.40 

1.10 

0.91 

1.40 

1.30 

6^3 

6^8 

MgO 

0.60 

0.62 

0.72 

0.68 

0.84 

0.76 

0.0 

0.3 

N  a2( )  K2O 

0.44 

0.48 

0.96 

0.73 

0.95 

0.72 

1.2 

1.3 

P206 

0.13 

0.10 

0.11 

0,08 

0.08 

0.14 

SOs 

0.60 

0.50 

0.80 

0.62 

0.62 

0.78 

6]o 

Softening  tem¬ 
perature,  0  F. 

3000 

3000 

2925 

2975 

3000 

2925 

2660 

2980 

Samples  A  to  F,  inclusive,  were  analyzed  in  the  laboratory  of  The  Hudson 
Coal  Company,  and  the  ash-softening  temperatures  determined  in  the  same 
laboratory  by  the  A.  S.  T.  M.  method. 

Samples  G  and  H  were  analyzed  at  the  laboratory  of  the  Anthracite  In¬ 
stitute  and  the  softening  temperatures  determined  by  E.  P.  Barrett  at  the 
Pennsylvania  State  College. 
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range  ordinarily  met  with  in  commercial  practice,  is  pri¬ 
marily  dependent  upon  the  content  of  iron  compounds  and  to 
a  lesser  extent  upon  the  content  of  the  basis,  lime,  mag¬ 
nesia,  and  the  alkalies. 


Table  II.  Mineralogical  Constituents  of  Coal  Ash 


Element 


Form 


Silicon 

Aluminum 

Iron 


Calcium 

Magnesium 

Sodium  and  potassium 

Manganese 

Sulfur  (inorganic) 

Phosphorus 


Silicates  and  sand 
Alumina  in  combination  with  silica 
Small  quantities  of  pyrite  and  marcasite, 
ferrous  oxide,  ferrous  carbonate,  ferrous 
sulfate,  ferric  oxide,  ferric  sulfate,  “organic” 
iron,  and  iron  silicates 
Carbonates,  sulfates,  silicates 
Carbonates  and  silicates 
Silicates,  carbonates,  chlorides 
Carbonates  and  silicates 

Small  quantities  of  pyrite  and  marcasite, 
ferrous  sulfate,  and  ferric  sulfate 
Phosphates 


Silica  and  alumina  make  up  approximately  90  per  cent 
of  the  ash  from  the  northern  field  coals  (Table  I).  Figure  1 
( 1 )  shows  the  melting  points  for  the  system  silica-alumina. 
The  silica-alumina  ratios  of  the  northern  field  anthracites 
fall  on  the  small  segment  A,  and  it  can  be  seen  at  once  that 
such  changes  in  the  silica-alumina  ratio  as  may  ordinarily 
be  expected  in  these  coals  will  not  greatly  affect  the  softening 
temperature  of  the  ash.  Lowering  of  the  ash-softening 
temperature  below  the  range  indicated  at  A  is  then  neces¬ 
sarily  due  to  the  presence  of  the  approximately  10  per  cent 
of  minor  constituents,  of  which  the  compounds  of  iron  form 
the  major  portion. 

Fieldner,  Hall,  and  Feild  (2)  have  shown  that  coal  ashes 
containing  iron  in  the  ferrous  state  soften  at  a  lower  tem¬ 
perature  than  when  the  iron  is  in  the  ferric  state.  For 
example,  when  pyrite,  one  of  the  important  iron-bearing 
minerals  found  in  the  mineral  matter  of  coal,  burned  under 
highly  oxidizing  conditions,  the  iron  is  oxidized  to  the  basic 
oxide  (Fe^Ch)  and  when  this  combines  with  silica  it  forms 
high-melting  compounds.  If  the  atmosphere  is  partially 
reducing,  the  iron  is  oxidized  to  ferrous  oxide  (FeO)  which 
forms  low-melting  compounds  with  silica.  A  still  further 
reducing  atmosphere  will  reduce  the  iron  to  the  metallic 
state  and  thus  has  the  effect  of  increasing  the  melting  point 
toward  that  of  the  corresponding  point  on  the  silica-alumina 
curve  by  eliminating  the  oxides  of  iron  and  therefore  their 
slagging  effect.  Proper  regulation  of  draft  and  thickness 
of  fuel  bed  will  assist  materially  in  overcoming  or  minimizing 
clinkering  tendencies.  Four  practical  rules  for  the  accom¬ 
plishment  of  this  result  in  practice  are  given  by  Haslam  and 
Russell  (S). 

1.  Use  thin  fires  and  keep  fuel  bed  level  by  placing  fresh  coal 
on  thin  spots.  Disturb  the  fuel  bed  as  little  as  possible. 

2.  Fire  the  coal  in  small  charges  to  minimize  crust  formation. 

3.  Do  not  allow  burning  coal  in  the  ash  pit.  It  is  a  good  plan 
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Figure  1 


to  keep  water  in  the  pit  or,  if  it  is  not  water-tight,  to  blow  waste 
steam  through  the  grate  if  the  coal  clinkers  badly. 

4.  Keep  the  ash-pit  door  open  and  regulate  the  draft  by  means 
of  the  damper. 

Prepared  anthracite  is  practically  free  from  extraneous 
pyrite,  which  is  one  reason  for  its  high  ash-softening  tem¬ 
perature. 


Table  III.  Chemical  Analyses,  Softening  Temperatures, 
and  Clinkering  Characteristics  of  Anthracite  Coal  Ashes 


1 

j 

K 

L 

M 

N 

O 

Duration  of  test, 

days 

9.47 

10.70 

10.60 

10.71 

5.07 

4.64 

4.83 

Draft,  inches  of 

water 

0.029 

0.028 

0.029 

0.030 

0.029 

0.027 

0.028 

Coal  burned  per 
hour,  pounds 

15. 1 

15.3 

15.0 

15.3 

13.0 

13.6 

12.9 

Rating  developed, 

per  cent 

80.1 

81.5 

80.7 

81.5 

83.2 

82.0 

81.7 

Clinkering 

None 

None 

None 

Small 

Bad 

Bad 

Bad 

Refractory  index 

21.0 

9.4 

10.7 

6.1 

2.7 

5.3 

1.8 

Ash-softening  tem- 

perature,  °  F. 

3000 

3000 

3000 

2810 

2475 

2550 

2450 

Chemical  analysis 
of  ash: 

SiC>2 

69.0 

51.0 

62.4 

52.4 

35.4 

54.4 

26.9 

AI2O3 

26.5 

39.4 

29.1 

33.5 

38.2 

29.7 

36.9 

Fe2C>3 

3.2 

9.6 

5.7 

10.9 

19.3 

9.9 

28.9 

CaO 

0.4 

0.3 

2.0 

5.8 

6.0 

4.4 

MgO 

0.2 

0.3 

0.6 

1.5 

1.3 

Na20  p  IC2O 

0.7 

2.2 

0.6 

0.7 

1.5 

I,  J,  K,  and  L  are 

i  Pennsylvania 

anthracites.  M, 

N,  and  O  are 

Welsh, 

Scotch,  and  Russian  anthracites,  respectively.  Chestnut-size  coals. 

Refractory  Index  for  Estimating  Probability  of 

Clinkering 

Nicholls,  Selvig,  and  Ricketts  (5)  show  a  fair  relationship 
between  the  ratio 


Si02  +  AI2O3 

Fe203  -p  CaO  T  MgO  -(-  N20  -p  lv20 

and  the  softening  temperatures  of  coal  ashes.  The  results 
obtained  by  the  writers  are  in  agreement  with  this,  as  shown 
by  Table  III,  which  contains  seven  examples  drawn  from 
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fifty  or  more  tests  yielding  similar  data.  Figure  2  shows  a 
plot  of  the  data  given  in  this  paper. 

Estimation  of  Ash-Softening  Temperature  from 
Chemical  Composition 

A  rapid  but  approximate  estimation  of  the  softening  tem¬ 
perature  of  a  coal  ash  or  a  mixture  of  coal  ashes  (as  in 
blending)  may  be  made  from  the  chemical  analysis  of  the 
ash  as  follows : 

1.  Determine  the  percentage  of  alumina  on  a  basis  of  silica 
plus  alumina  equals  100. 

2.  From  Figure  1  find  the  melting  point  of  a  silica-alumina 
mixture  corresponding  to  the  percentage  of  alumina  found  under 
1  above. 

3.  Determine  the  percentage  of  basis  (oxides  of  iron,  calcium, 
magnesium,  and  the  alkalies). 


4.  From  Figure  3  determine  the  softening  temperature 
lowering  due  to  these  bases. 

5.  From  the  figure  found  under  item  2,  subtract  the  lowering 
due  to  basis  found  under  item  4  and  obtain  the  softening  tem¬ 
perature  to  be  expected. 
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An  Inexpensive  Ball  Mill 

LAURENCE  L.  QUILL,1  University  of  Illinois,  Urbana,  Ill. 


IN  SOME  chemical  laboratories  a  ball  mill  is  a  very  useful 
and  much  needed  piece  of  apparatus,  although  it  may  not 
be  used  as  continuously  as  in  a  ceramics  or  other  laboratory 
where  large  quantities  of  powdered  materials  are  required. 
The  most  satisfactory  ball  mill  in  such  laboratories  should 
not  occupy  too  much  floor  space,  should  be  adaptable  for 
use  with  ball  mill  jars  or  other  containers  of  various  sizes,  and 
should  be  fairly  inexpensive,  simple,  efficient,  compact,  and, 
if  necessary,  portable.  The  ball  mill  shown  in  the  figure 
was  designed  and  constructed  to  meet  these  requirements. 
A  ball  mill  involving  the  same  principle  has  been  described 
by  Furnstal  ( 1 ). 

The  principle  of  the  device  is  simple,  there  being  two  rollers  on 
which  cylindrical  objects  may  be  placed.  The  rollers  are  made 
from  90-cm.  (3-foot)  lengths  of  7.5-cm.  (3-inch)  pipe,  the  ends  of 
which  are  plugged.  (Longer  rolls  can  be  used.)  A  piece  of 
steel  rod  is  inserted  in  the  center  of  each  plug  to  serve  as  the 
bearing  axle.  Ordinary  brass  bearing  supports  for  holding  the 
Babbitt  metal,  having  a  grease  cup  on  top  for  lubrication,  are 
used.  The  rear  roller  is  connected  through  a  speed  reducer  (20 
to  1  ratio)  and  an  ordinary  V-belt  to  a  motor,  and  is  thus  the 
“power”  roller,  while  the  front  roller  is  free  to  rotate  as  it  will. 
To  increase  the  traction  between  the  rollers  and  the  racks  for  the 
jars  and  to  quiet  the  operation  of  the  mill,  a  piece  of  automobile 
inner  tube  is  slipped  over  each  roller.  There  is  ordinarily  suf¬ 
ficient  traction  between  the  objects  and  the  rolls  so  that  it  is  not 
necessary  to  connect  the  rollers  by  a  belt.  However,  when  small 
bottles  about  5  cm.  (2  inches)  in  diameter  are  used  for  preparing 
mixtures,  traction  is  secured  by  placing  a  short  length  of  pipe 
of  about  the  same  diameter  on  the  rollers. 


1  Present  address:  Department  of  Chemistry,  The  Ohio  State  University, 
Columbus,  Ohio. 


In  the  figure,  the  support  for  the  rollers  is  shown  as  pieces  of  I- 
beam,  about  40  cm.  (2  feet)  long.  If  I-beam  is  not  available, 
pieces  of  timber,  railroad  rail,  or  other  material  may  be  used. 
A  series  of  holes  is  drilled  in  the  upper  surface  of  each  I-beam. 
Each  of  the  two  bearings  for  the  “idler”  has  two  pins  pro¬ 
jecting  from  its  lower  surfaces.  It  is  therefore  possible  to 
regulate  the  distance  between  the  rollers  by  placing  the  pins  in 
the  proper  set  of  holes,  and  to  use  containers  of  various  sizes  on 
the  same  machine.  The  rolls  are  close  together  when  small  jars 
are  used;  for  larger  jars,  the  distance  between  the  rollers  is 
increased. 

The  racks  for  holding  the  ball  jars  also  can  be  made  from  in¬ 
expensive  and  easily  obtainable  materials.  The  rings  for  the 
racks  are  made  from  pipe  of  suitable  diameter.  For  the  small 
jars  shown,  15-cm.  (6-inch)  pipe  is  used,  and  for  the  large  ones, 
30-cm.  (12-inch)  pipe.  (The  small  jars  hold  about  1  liter, 
the  large  ones,  6.5  liters.)  The  rings  for  the  large  jars  are  at¬ 
tached  to  each  other  by  two  pieces  of  T-iron  which  also  act  as 
supports  for  the  metal  straps  holding  the  jar  in  the  rack.  The 
rings  for  the  small  jars  are  held  in  place  by  strips  of  1.3-cm. 
(0.5-inch)  strap  iron.  One  end  of  the  small  rack  is  partially 
closed  by  a  cross  of  the  strap  iron.  The  jars  are  held  in  these 
small  racks  by  a  screw  passing  through  a  small  bar  of  steel,  which 
also  holds  the  cover  of  the  jar  in  place.  When  the  bar  is  placed 
crosswise  against  one  of  the  rings,  the  screw  may  be  turned  down 
against  the  cover  of  the  jar,  and  the  jar  against  the  cross  closing 
the  other  end  of  the  rack,  thus  holding  both  the  jar  and  the  cover 
in  their  proper  places. 

Since  for  different  sized  containers  there  is  an  optimum 
speed  for  obtaining  the  best  grinding  results,  this  particular 
mill  is  driven  by  a  direct  current  motor,  the  speed  of  which  can 
be  varied  by  a  rheostat. 

This  particular  set-up  can  also  be  used  for  producing 
uniform  mixtures  such  as  those  used  in  ceramics,  paints,  etc. 
The  materials  can  be  put  in  a  bottle  or  other  suitable  con¬ 
tainer  and  subjected  to  the  rolling  process  in  exactly  the 
same  manner  as  the  ball  mill  jars  are  used. 

The  ball  jars  used  for  this  mill  were  purchased  from  the 
Ceramics  Department,  University  of  Illinois.  The  actual 
construction  of  the  machine  was  done  by  Arthur  E.  Wood, 
mechanician  for  the  Chemistry  Department,  who  also  de¬ 
serves  credit  for  his  many  valuable  suggestions.  The  cost  of 
materials,  which  included  three  small  and  two  large  jars, 
was  about  forty-five  dollars. 

Literature  Cited 

(1)  Furnstal,  A.  H.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  7,  342  (1935). 


Received  November*16,  1935. 


Determination  of  Viscosity  of  Small  Samples 
of  Oil  from  Oil-Impregnated  Paper 

Method  and  Apparatus 


H.  F.  SCHNEIDER,  JR.,  AND  T.  A.  MCCONNELL,  Detroit  Edison  Company,  Detroit,  Mich. 


IT  HAS  been 
observed  in  the 
examination  >of 
the  insulation  of 
paper-  and  oil- 
insulated  high- 
voltage  cables 
taken  from  service 
that  the  viscosity 
of  the  oil  in  the 
insulation  varies 
markedly  from  the 
center  to  the  out¬ 
side  of  the  cable. 
This  condition  was 
also  observed  in 
cables  subjected 
to  laboratory 
treatments  simu¬ 
lating  service  con¬ 
ditions.  In  order 
to  interpret  these 
changes,  it  was 

necessary  to  evalu- 
Figure  1.  Photograph  of  Apparatus  ate  them  numeri¬ 
cally.  This  was 

difficult  because  only  0.5  to  2  ml.  of  the  oil  were  available 
for  test. 

In  the  course  of  the  investigations,  several  methods  for  de¬ 
termining  the  viscosity  of  small  amounts  of  oil  were  tried. 
The  first  was  the  Ostwald  method,  which  had  to  be  abandoned 
because  of  the  time  involved  in  making  the  determination  and 
the  difficulty  encountered  in  introducing  the  viscous  oil  into 
the  apparatus.  The  second,  which  involved  the  use  of  a 
calibrated  pipet,  also  proved  unsatisfactory  because  of  the 
difficulty  of  making  suitable  orifices  adaptable  over  the  wide 
range  of  the  various  cable  oils  tested. 

A  method  using  the  ball  and  inclined  tube  type  of  vis¬ 
cometer  has  been  found  to  eliminate  these  difficulties.  Al¬ 
though  the  apparatus  and  method  described  herein  may  have 
numerous  shortcomings,  they  have  been  used  successfully. 
They  are  applicable  to  viscosity  determinations  on  small 
samples,  are  fairly,  rapid,  and  lend  themselves  to  ease  of 
manipulation. 

Description  of  Apparatus 

The  essential  parts  of  the  apparatus  which  is  shown  in 
Figures  1  and  2  consist  of  a  capillary  tube  of  approximately 
2-ml.  capacity  for  holding  the  oil  to  be  tested  and  a  small  steel 
ball,  the  diameter  of  which  is  approximately  one-half  that  of 
the  capillary.  During  the  development  of  the  apparatus, 
it  was  found  that  when  the  capillary  tube  was  placed  directly 
in  the  thermostatically  controlled  water  bath  good  checks 
could  not  be  obtained.  This  was  attributed  to  the  fact  that 
the  bimetallic  temperature-control  mechanism  which  was 
readily  available  at  that  time  was  not  sufficiently  sensitive 
to  control  the  temperature  more  closely  than  0.28°  C. 
(0.5°  F.).  The  tube  is  held  in  position  in  a  concentric  glass 


water  jacket  by  means  of  rubber  stoppers  in  such  a  manner 
that  the  capillary  tube  protrudes  slightly  through  each  end 
of  the  water  jacket.  By  placing  the  concentric  or  “static” 
jacket  around  the  capillary  and  then  placing  the  jacketed 
tube  in  the  water  bath,  a  more  nearly  constant  temperature 
could  be  obtained.  The  jacket  also  served  to  keep  the  tube 
nearer  the  desired  temperature  during  the  introduction  of 
the  oil  into  the  tube.  The  temperature  of  the  water  surround¬ 
ing  the  capillary  tube  is  obtained  by  means  of  an  A.  S.  T.  M. 
viscometer  thermometer  (0.11°  C.,  0.2°  F.  graduations) 
inserted  in  the  upper  rubber  stopper.  During  the  determina¬ 
tions  this  part  of  the  apparatus  is  immersed  in  a  thermostati¬ 
cally  controlled  water  bath. 

The  capillary  tube  is  scaled  each  4  cm.,  so  that  the  viscosity 
may  be  measured  by  the  time  necessary  for  the  ball  to  pass 
between  any  two  or  more  divisions,  depending  on  the  vis¬ 
cosity  of  the  oil  and  the  amount  of  oil  available. 

Manipulation  of  Apparatus 

The  manner  of  determining  viscosity  values  is  as  follows: 

With  the  capillary  tube,  B,  open  at  both  ends,  the  oil  to  be 
tested  is  poured  slowly  into  it,  care  being  taken  to  entrap  no  air. 
Because  of  the  high  viscosity  of  the  oil  it  will  not  flow  quickly  into 

and  through  the  tube,  so  that  the 
lower  stopper  can  be  removed.  When 
the  tube  is  completely  filled  or  when 
all  the  oil  available  has  been  added, 
a  small  cork  is  inserted  into  the  lower 
end  of  the  tube.  The  jacketed  capil¬ 
lary  tube  assembly  is  then  placed 
in  a  transparent  walled  water  bath, 
maintained  at  a  desired  temperature 
(37.8°  C.,  100°  F.,  in  the  case  of  the 
determinations  mentioned  herein),  in 
such  a  manner  that  the  capillary  tube 
is  held  at  an  angle  of  60°  from  hori¬ 
zontal. 

The  ball,  which  has  been  brought 
to  the  temperature  of  the  oil,  is 
quickly  introduced  through  the  top 
end  of  the  capillary  tube.  The  meas¬ 
ure  of  the  viscosity  is  determined  from 
the  length  of  time  in  seconds  required 
for  the  ball  to  travel  between  selected 
graduations  on  the  tube.  Viscosity 
values  are  converted  to  the  terms  of 
a  standard  viscosity  scale  by  means 
of  factors  obtained  during  the  cali¬ 
bration  of  the  instrument  using  oils 
of  known  viscosity.  In  observing  the 
position  of  the  ball  care  should  be 
taken  that  the  eye  is  always  in  the 
same  horizontal  plane  with  the  ball 
and  at  right  angles  with  the  vertical 
plane  of  the  tube,  so  as  to  avoid 
parallax. 

Using  a  ball  weighing  0.0548  gram 
and  with  a  diameter  of  0.237  cm. 
(0.0935  inch)  and  times  of  8  to  300 
seconds  for  a  travel  of  90  mm.,  it  was 
found  that  the  range  of  viscosities 
which  could  be  covered  was  about 
0.70  to  25  poise,  which,  for  the  oils 
under  consideration,  is  equivalent  to 
about  300  to  10,000  seconds,  Saybolt 
Universal. 


Figure  2.  Dia¬ 
gram  of  Rolling- 
Ball  Viscometer 

A.  Thermometer, 

A.  S.  T.  M. 

B.  Capillary  tube 
Ci,  Ci.  Rubber  stop¬ 
pers 

D.  Water  jacket 

E.  Steel  ball 

F i,  Fi,  Fs,  Ft.  Scale 
marks 
G.  Cork 
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Calibration  of  Apparatus 

As  it  has  been  observed  that  oils  extracted  from  aged  cable 
sometimes  exhibit  viscosity  values  which  vary  over  a  wide 
range,  it  has  been  found  necessary  to  calibrate  the  apparatus 
using  several  oils  of  known  viscosity  over  a  comparable  range. 
The  calibration  consisted  of  a  series  of  runs  with  the  ball  and 


inclined  tube  viscometer  using  oils  of  known  viscosities. 
The  conversion  factors  obtained  from  these  data  are  used  in 
the  calculation  of  the  viscosity  of  the  test  samples. 

This  work  forma  a  part  of  a  general  research  program  on  the  deteriora¬ 
tion  of  high-tension  underground  cable  being  undertaken  by  The  Detroit 
Edison  Company. 
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Determination  of  Water  in  Glycerol 

C.  P.  SPAETH  AND  G.  F.  HUTCHISON,  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  Gibbstown,  N.  J. 


IF  WATER  is  the  only  impurity  in  glycerol,  it  can  be 
determined  by  specific  gravity  and  reference  to  the 
tables  of  Bosart  and  Snoddy  (2).  However,  all  com¬ 
mercial  glycerol  contains  other  impurities  which  affect  the 
specific  gravity,  so  that  an  accurate  value  for  water  cannot 
be  obtained  in  this  way.  A  knowledge  of  the  true  water 
content  is  often  required — for  example,  in  the  explosives 
industry  to  compare  nitroglycerin  yields  on  the  basis  of  dry 
glycerol.  Also,  a  direct  determination  is  necessary  in  the 
complete  analysis  of  crude  glycerol.  The  international  com¬ 
mittee  which  adopted  standard  methods  of  glycerol  analysis 
in  1910  (7)  did  not  specify  a  method  for  the  determination  of 
water,  indicating  the  unsatisfactory  status  of  the  methods 
available  at  that  time. 

Various  methods  depending  on  the  measurement  of  physical 
properties  have  been  described.  Schmidt  and  Jones  (10) 
and  Kameyama  and  Semba  (6)  measured  conductivity  of 
electrolytes  dissolved  in  glycerol.  Grim  and  Wirth  (8)  used 
the  determination  of  boiling  point  as  an  indication  of  water 
content.  Hoyt  (4)  gave  data  on  refractive  index  of  glycerol 
containing  various  percentages  of  water.  It  is  obvious  that 
all  these  methods  have  the  common  defect  of  being  accurate 
only  for  solutions  of  pure  glycerol  and  water. 

Berth  ( 1 )  used  boiling  tetrachloroe thane  to  remove  water 
from  glycerol,  condensing  the  vapors  and  collecting  the  water 
in  a  graduated  tube.  Hoyt  and  Clark  (5)  used  toluene  for  the 
same  purpose.  Lawrie  (8)  mentioned  the  use  of  calcium  car¬ 
bide  to  liberate  acetylene  equivalent  to  the  water  present. 
He  also  gave  in  detail  the  method  of  Rojahn  (9)  as  modified 
by  this  laboratory. 

The  original  Rojahn  method  consisted  of  distributing  about 
1  gram  of  the  sample  of  glycerol  on  ignited  asbestos  in  a 
special  weighing  bottle  and  exposing  it  to  phosphorus  pent- 
oxide  in  a  desiccator  evacuated  to  10  to  15  mm.  After  12 
hours  under  these  conditions,  the  loss  in  weight  was  calcu¬ 
lated  as  per  cent  moisture.  The  modifications  developed 
here  consisted  of  an  improvement  in  design  of  the  weighing 
bottle,  substitution  of  fine  glass  wool  for  asbestos,  and  exten¬ 
sion  of  the  time  of  desiccation  to  24  hours. 

The  modified  Rojahn  method  has  been  used  for  a  number 
of  years  as  a  standard  procedure,  but  has  not  been  entirely 
satisfactory.  Duplicate  determinations  under  the  same 
conditions  usually  showed  good  agreement,  but  often  did  not 
agree  with  determinations  by  other  laboratories  on  portions  of 
the  same  sample.  In  some  cases,  an  experienced  analyst  was 
unable  to  check  his  previous  determination  at  a  later  date. 
Therefore,  a  further  investigation  was  made  with  the  object  of 
learning  the  cause  of  these  variations. 

Preparation  of  Pure  Glycerol 

Dynamite  glycerol  was  refluxed  with  a  large  volume  of  toluene 
for  16  hours,  collecting  the  water  in  a  Bidwell-Sterling  type  of 
moisture-receiving  tube.  A  considerable  amount  of  the  water 
was  removed  in  this  way.  The  toluene  was  separated  from  the 


glycerol  in  a  separatory  funnel,  and  the  glycerol  placed  in  a  3- 
liter  distillation  flask  having  a  25-cm.  (10-inch)  unpacked  frac¬ 
tionating  neck.  It  was  then  distilled  slowly  at  about  5  mm. 
pressure  and  collected  in  a  receiver  which  permitted  fractionation 
without  interrupting  the  distillation.  The  first  25  per  cent  of  the 
distillate  and  a  residue  of  about  15  per  cent  were  discarded.  Only 
the  middle  cut  was  retained.  This  distillation  was  repeated  twice 
and  a  final  middle  cut  was  collected,  without  exposure  to  the  air, 
in  stoppered  sample  bottles,  which  were  sealed  with  paraffin  until 
used. 

The  determination  of  the  specific  gravity  offers  a  convenient 
and  reliable  method  for  establishing  the  water  content  of 
pure  glycerol  (2).  This  method  is  recognized  by  the  Com¬ 
mittee  on  Glycerol  Analysis  and  therefore  has  official  status. 
Using  it,  the  glycerol  prepared  as  described  above  contained 
from  0.01  to  0.13  per  cent  of  water.  Considering  the  rapidity 
with  which  anhydrous  glycerol  absorbs  moisture  from  the 
atmosphere  and  the  necessary  exposure  in  making  a  specific 
gravity  determination,  the  purity  and  substantial  freedom 
from  water  of  the  stock  glycerol  are  well  established. 

In  order  to  avoid  absorption  of  moisture  from  the  atmos¬ 
phere,  it  was  important  that  a  technic  for  handling  this  essen¬ 
tially  anhydrous  glycerol  should  be  developed.  The  follow¬ 
ing  method  was  used : 

The  specific  gravity  was  first  determined  in  the  usual  manner 
in  a  Walker-type  pycnometer.  Upon  completion,  a  one-hole 
rubber  stopper  was  slipped  around  the  outside  of  the  neck  of 
the  pycnometer  in  an  inverted  position — -that  is,  the  large  diameter 
of  the  stopper  faced  down.  The  capillary  tube  was  now  removed 
and  the  pycnometer  quickly  inverted  over  the  mouth  of  a  dry, 
tared  Erlenmeyer  flask,  in  which  the  inverted  stopper  fitted. 
As  soon  as  the  glycerol  had  been  transferred,  the  pycnometer 
was  removed  and  the  flask  carefully  stoppered.  Water  and  other 
impurities  could  now  be  added  and  their  proportion  determined 
by  weight.  The  water  found  by  the  specific  gravity  determina¬ 
tion  on  the  purified  glycerol  was  always  included  in  the  “calcu¬ 
lated”  water  content  of  the  sample.  In  order  to  remove  samples 
for  analysis,  a  Lunge  pipet  or  a  shortened  5-ml.  pipet  was  used. 
In  either  case  the  pipet  was  introduced  into  the  flask  containing 
the  glycerol  through  a  rubber  stopper,  and  filled  by  compressing  a 
rubber  suction  bulb.  In  this  way  the  glycerol  was  exposed  to 
the  atmosphere  for  a  minimum  of  time,  and  no  difficulty  was  ex¬ 
perienced  from  this  source. 

Modified  Rojahn  Method 

Portions  of  the  specially  purified  glycerol,  the  water  con¬ 
tent  of  which  had  been  established  by  specific  gravity  deter¬ 
minations,  were  made  up  to  contain  various  percentages  of 
water,  such  as  are  normally  found  in  dynamite  glycerol  and 
crude  glycerol.  These  were  analyzed  by  the  modified  Rojahn 
method,  as  shown  in  Table  I,  which  also  includes  similar 
determinations  made  in  the  presence  of  trimethylene  glycol, 
a  common  impurity  which  is  more  volatile  than  glycerol. 

The  trimethylene  glycol  was  prepared  by  distilling  East¬ 
man’s  practical  grade  at  atmospheric  pressure  and  collecting 
the  fraction  boiling  at  212.6°  to  214.5°  C.  This  portion  was 
redistilled  once.  It  then  contained  0.29  per  cent  of  water  (de- 
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A,  B.  Stopcocks  of  U-tube 

C.  Three-way  stopcock,  Arthur  H.  Thomas  Co.,  catalog  No.  9294 

D.  Dephlegmator  (details  Figure  2) 

E.  Stopcock  closing  manometer 

F.  Flask  (details  Figure  2) 

G.  Stopcock  opening  to  atmosphere 

H.  Drying  cylinder,  height  260  mm.,  charged  with  potassium  hydroxide  pellets  to  exclude 

atmospheric  moisture  when  vacuum  is  released 

J.  Bubble  counter,  half-filled  with  light  oil  (Nujol)  to  control  rate  of  release  of  vacuum 

K.  Manifold  for  double  apparatus 

L.  Y-tube  for  double  apparatus 

M.  Mercury  manometer 

N.  T-tube 

O.  Liebig  condenser,  250-mm.  size 
R.  Sample  tube  (details  Figure  2) 

T.  U-tube,  150-mm.  size  with  glass  stopcocks 


termined  by  the  vacuum  distillation  method,  described  below) . 
The  water  added  in  this  form  was  insignificant,  but  was  never¬ 
theless  included  in  calculating  theoretical  per  cent. 

Table  I.  Determination  of  Water  in  Known 
Samples  by  Desiccation  over  P205 

Sample  Contains 

Trimethylene  . - Water  Found - -  — 


Water 

glycol 

24  Hours 

48  Hours 

72  Hours 

96  Hours 

% 

% 

% 

% 

% 

% 

0.09 

None 

0.10 

0.26 

0.33 

0.41 

0.63 

None 

0.78 

0.68 

0.69 

0.70 

None 

0.79 

0.83 

1.01 

l!o3 

1.49 

None 

1.53 

1.76 

1.88 

1.14 

1.01 

1.25 

1.64 

1.81 

4.93 

None 

(4.71 

(476 

4.97 

4.92 

4.97 

4.92 

4.85 

4.66 

5.33 

5.79 

6.14 

Table  II.  Water  Found  by  Desiccation  over  P206 


Time  Exposed 

Water  in 

Temperature 

24 

48 

72 

Samples 

Min. 

Max. 

Hours 

Hours 

Hours 

% 

0  C.  °  F. 

°  C.  °  F. 

% 

% 

% 

1.49 

27.22  81 

32.78  91 

1.89 

2.01 

2.11 

1.49 

12.78  55 

23.33  74 

1.17 

1.27 

1.45 

The  samples  containing  trimethylene  glycol  show  a  rela¬ 
tive  error  of  +10  per  cent  at  24  hours.  For  the  same  period 
the  other  analyses  in  some  cases  check  the  known  value 
closely,  though  all  the  errors  are  plus  except  one.  Additional 
24-hour  periods  of  drying  cause  further  losses,  greater  when 
trimethylene  glycol  is  present.  The  loss  in  weight  in  24 
hours  cannot  be  depended  upon  to  give  the  true  water  content 
of  glycerol  and,  when  a  longer  period  is  used,  the  volatiliza¬ 
tion  of  glycerol  introduces  serious  errors.  It  is  reasonable  to 
suppose  that  glycerol  is  volatilized  in  the  first  24  hours  also. 
Hence,  where  results  check  the  theoretical  per  cent  of  water, 
it  is  probably  accidental,  due  to  a  balance  between  glycerol 
volatilized  and  water  not  removed. 

The  Rojahn  method  has  several  additional  undesirable 
features,  relating  especially  to  technic.  Because  of  the  small 


weight  of  sample  taken  for  analysis,  an  error 
of  0.1  mg.  in  weighing  causes  an  error  of  ap¬ 
proximately  0.01  per  cent  in  terms  of  water 
content.  Furthermore,  the  presumably  bone- 
dry  glycerol  must  be  exposed  momentarily, 
while  the  covers  are  placed  on  the  individual 
weighing  bottles.  A  definite  difference  in  per 
cent  of  water  has  been  noted  following  directly 
the  order  in  which  the  fids  are  placed  on  the 
bottles.  The  24-hour  period  required  before 
results  are  available  may  often  be  a  decided 
disadvantage  in  routine  work.  While  time  and 
pressure  are  controlled  within  well-defined  limits 
in  the  method,  no  temperature  control  is  pro¬ 
vided.  That  temperature  variation  is  a  defi¬ 
nite  factor,  perhaps  the  greatest  cause  of  error 
in  the  Rojahn  method,  is  indicated  by  the  data 
in  Table  II. 

Other  Methods 

Objections  to  methods  depending  on  de¬ 
termination  of  physical  properties  have  already 
been  stated.  Those  in  which  water  is  removed 
by  boiling  with  an  organic  solvent  and  collect¬ 
ing  the  water  in  a  graduated  tube  have  the 
disadvantage  that  some  glycerol  distills  over 
and  is  measured  in  the  water  layer.  In  the 
method  of  Hoyt  and  Clark  (5),  it  is  recom¬ 
mended  that  a  correction  for  glycerol  be  made 
by  an  acetin  determination  on  the  water  layer.  This  intro¬ 
duces  a  tedious  and  cumbersome  procedure,  making  the 
method  impracticable. 

Acetylene  evolution  methods  were  thoroughly  investi¬ 
gated.  It  was  found  that  the  reaction  between  calcium  car¬ 
bide  and  water  could  not  be  carried  to  completion  without 
causing  decomposition  of  the  glycerol.  No  consistent  re¬ 
sults  could  be  obtained  on  known  samples. 

Vacuum  Distillation  Method 

Experience  with  other  methods  investigated  indicated  that 
the  rapid  and  complete  separation  of  water  from  glycerol 
requires  elevated  temperatures  and  diminished  pressure,  be¬ 
sides  a  provision  for  counteracting  the  vapor  pressure  of 
glycerol  and  other  normal  impurities  under  these  conditions. 
Duplication  of  results  demands  control  of  these  conditions 
within  well-defined  limits.  The  vacuum  distillation  method 
was  developed  on  these  principles. 

The  water  is  distilled  from  a  sample  of  glycerol  at  100°  C. 
and  2-  to  3-mm.  pressure  and  absorbed  in  a  weighed  U-tube 
charged  with  anhydrous  magnesium  perchlorate  (Dehydrite). 
A  water-cooled  dephlegmator,  interposed  between  the  sample 
and  U-tube,  condenses  vapors  of  glycerol  and  lower  boiling 
impurities.  After  weighing  the  U-tube,  it  is  replaced  in  the 
apparatus  and  the  distillation  continued  for  two  additional 
short  periods  to  determine  the  gain  in  weight  of  the  U-tube 
caused  by  leakage.  This  blank  must  be  deducted. 

Apparatus.  The  assembled  apparatus  is  shown  in  Figure  1. 
It  is  connected  to  a  “Hyvac”  pump,  not  shown.  Provision 
may  be  made  for  making  two  simultaneous  determinations  in 
which  case  the  manifold,  K,  replaces  N,  and  a  Y-tube,  L,  is  used 
in  the  top  of  the  drying  cylinder,  H,  instead  of  the  straight  glass 
tube.  The  flask,  F,  serves  as  a  bath  for  maintaining  the  sample 
at  approximately  100°  C.  It  is  filled  with  water,  to  a  point  about 
1  cm.  below  the  end  of  the  tube,  so  that  only  the  vapors  heat  the 
tube.  The  condenser,  O,  is  used  to  maintain  this  level  without  re¬ 
filling.  A  few  glass  beads  in  the  flask  reduce  the  tendency  to 
superheating.  While  the  flask,  sample  tube,  and  dephlegmator 
are  simple,  they  are  not  listed  in  catalogs  and,  therefore,  are  shown 
in  detail  in  Figure  2. 
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Special  attention  should  be  given  to  the  preparation  of  the 
U-tube,  T.  It  should  always  be  filled  before  the  ground-glass 
surfaces  are  lubricated  and  these  surfaces  should  be  protected 
from  particles  of  glass  wool  and  dust  from  the  desiccant  with  a 
cylinder  of  paper.  The  tube  should  be  filled  quickly  with  an¬ 
hydrous  magnesium  perchlorate,  after  which  a  small  wad  of  fine 
glass  wool  should  be  placed  in  each  arm  of  the  tube  (cotton  must 
not  be  substituted  here).  The  ground-glass  surfaces  are  best 
lubricated  with  “lubriseal.”  A  piece  of  wire  is  used  to  suspend 
the  tube  on  the  balance.  Before  the  U-tube  is  weighed,  it  is  al¬ 
ways  wiped  with  a  dry,  clean  cloth. 

In  preparing  the  sample  tube,  R,  it  is  first  fitted  with  a  No.  8 
rubber  stopper,  which  has  been  drilled  so  that  it  can  be  placed 
around  the  outside  of  the  tube  in  a  position  about  midway  of  its 
length.  A  twist  of  copper  wire,  placed  around  the  tube  between 
this  stopper  and  the  side  arm,  serves  as  a  convenient  support  for 
suspending  the  tube  on  the  analytical  balance.  A  wad  of  fine 
glass  wool,  about  40  to  50  mm.  in  depth,  is  packed  in  the  bottom. 
The  tube  thus  prepared  is  dried  in  an  oven,  preferably  overnight, 
at  95°  to  100°  C.  If  a  tube  is  needed  on  short  notice,  it  may  be 
dried  in  position  in  the  apparatus  at  100°  C.  and  2-  to  3-mm.  pres¬ 
sure  for  15  minutes.  When  dry,  the  open  end  is  closed  with  a 
rubber  stopper  and  the  side  arm  with  a  short  piece  of  rubber 
tubing,  plugged  with  a  piece  of  glass  rod.  After  being  cooled  to 
room  temperature,  the  stopper  should  be  raised  momentarily  in 
order  to  bring  the  pressure  within  the  tube  to  normal.  The 
tube  thus  prepared  is  weighed  to  the  nearest  milligram. 

In  taking  a  portion  of  a  sample  for  analysis,  it  has  been  found 
useful  to  employ  an  ordinary  5-ml.  pipet  which  has  had  both  ends 
cut  off  at  a  point  about  75  mm.  from  the  bulb.  The  pipet  is  fitted 
with  a  one-hole  rubber  stopper  of  the  size  used  for  closing  the  end 
of  the  sample  tube,  R.  This  is  placed  against  the  lower  side  of  the 
bulb  of  the  pipet.  The  upper  end  of  the  pipet  is  closed  with  a  2- 
ml.  medicine-dropper  bulb,  while  to  the  lower  end  is  attached  a 
piece  of  glass  tubing  by  means  of  a  short  piece  of  rubber  tubing. 
The  length  of  the  glass  tube  may  be  varied  according  to  the  size 
of  the  bottle  containing  the  sample.  The  sample  is  drawn  into 
the  pipet  using  a  rubber  suction  bulb,  after  which  the  top  is 
closed  with  the  medicine-dropper  bulb.  The  glass  tube  is  then 
removed  from  the  lower  end  of  the  pipet,  which  is  carefully  placed 
in  the  sample  tube,  R.  It  is  then  discharged  by  slowly  compress¬ 
ing  the  medicine-dropper  bulb  several  times,  thus  introducing  a 
sample  of  3  to  5  grams  into  the  sample  tube,  prepared  as  above. 
Care  must  be  taken  not  to  deposit  any  glycerol  on  the  side  of  the 
tube. 

Method  of  Operation.  At  the  end  of  a  determination, 
the  apparatus  is  left  completely  assembled  until  the  next 
analysis  is  made. 

Assuming  this  to  be  the  starting  point  and  referring  to  Figure  1, 
stopcock  G  is  closed,  cocks  E,  A,  and  B  are  opened,  and  cock  C 
is  turned  so  as  to  connect  tube  R  with  U-tube  T.  The  vacuum 
pump  is  then  started  and  run  5  to  10  minutes.  This  serves  to 
dry  out  the  system  after  standing  and  to  bring  the  U-tube,  T,  to 
the  proper  condition  for  weighing.  This  time  may  be  employed  in 
weighing  the  sample.  To  release  the  vacuum,  close  cocks  E  and 
A,  stop  vacuum  pump,  and  open  cock  G;  then  turn  cock  C  to 
allow  air  to  enter  the  U-tube  slowly  through  H  and  J;  close  cock  B. 

Place  the  dephlegmator,  D,  which  has  been  dried  in  an  oven, 
in  the  sample  tube,  R.  Connect  R  to  the  weighed  U-tube  T, 
through  the  three-way  stopcock,  C,  and  put  in  place  in  the  flask, 
F.  Make  water  connections  to  dephlegmator  D,  and  apply  heat 
to  flask  F.  Close  stopcock  G,  open  E,  A,  and  B,  and  turn  C  to 
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Figure  2.  Detail  of  Sample  Tube,  Flask,  and 
Dephlegmator 


connect  R  with  T.  Start  the  vacuum  pump,  and  continue 
the  dehydration  for  45  minutes,  accurately  timed.  Release  the 
vacuum  as  described  above.  After  turning  C  so  that  R  is  closed 
off,  remove  T  and  weigh  to  0.1  mg.  The  drying  cylinder,  H, 
must  be  inspected  occasionally  to  see  that  it  is  not  clogged. 
If  it  is,  the  vacuum  may  not  be  completely  released  in  the  U-tube 
and  weighings  will  be  erratic. 

Now  restore  the  U-tube  to  the  apparatus,  close  cock  G  and 
open  A.  Start  the  vacuum  pump,  turn  C  to  connect  sample  tube 
R  to  U-tube  T,  then  open  cocks  B  and  E.  Continue  the  dehydra¬ 
tion  for  15  minutes,  when  the  U-tube  is  again  removed  and 
weighed  as  before.  At  least  two  periods,  15  minutes  in  length, 
should  be  used  to  determine  the  completion  of  the  dehydration 
and  to  estimate  the  gain  due  to  leakage  of  the  apparatus.  The 
leakage  gain  should  be  constant  within  a  few  tenths  of  a  milligram 
and  be  less  than  1.5  mg.  Constant  leakage  gains  larger  than  this 
denote  a  need  for  renewal  of  the  rubber  somewhere  in  the  system. 
Results  are  calculated  as  follows: 


O  -tD  100 

Weight  of  sample 


Per  cent  moisture 


in  which  W  =  total  weight  gained  by  U-tube 
T  =  total  time  elapsed  in  minutes 

C  =  average  correction  due  to  leakage  for  a  15-minute  period 


The  course  of  the  dehydration  is  rapid  for  the  first  30  to 
45  minutes,  at  which  time  there  is  a  sharp  change  in  the  rate 
of  dehydration  and  from  here  on  the  gain  is  small  but  con¬ 
stant.  That  this  is  due  to  leakage  and  not  to  slow  volatiliza¬ 
tion  has  been  demonstrated  by  runs  made  with  the  sample 
tube  empty.  It  is  logical,  therefore,  that  a  leakage  correction 
be  made.  It  must,  however,  be  determined  for  each  run,  as  it 
varies  slightly,  depending  on  the  tightness  of  the  apparatus 
and  atmospheric  conditions. 


Table  III.  Analysis  of  Known  Samples  by 
Vacuum  Distillation  Method 


- Per  Cent  of  Water  Found 

2  3  4 


Tri¬ 
methylene  ' — 


Water 

Glycol 

Present, 

Present, 

% 

% 

1 

0.02 

0.02 

0.06 

0.03 

0.05 

0.03 

0.68 

0.72 

1.10 

1.06 

1.49 

1.51 

4.93 

4.83 

0.06 

1.19 

0.04 

1.19 

1.18 

1.23 

1.10 

1.15 

1.14 

1.14 

0.97 

1.08 

4.85 

4.65 

4.90 

0.04 

0.05 

0.04 

0.05 

0.68 

0 69 

1.11 

1.10 

1.46 

1.51 

1 

47 

4.90 

4.83 

0.05 

0.04 

1+4 

l.'io 

1 

+4 

1.15 

l.n 

4.84 

4.94 

4 

!86 

Deviation 


Mean 

From 

mean 

From 

theory 

0.03 

0.01 

+0.01 

0.04 

0.01 

-0.02 

0.04 

0.01 

-0.01 

0.70 

0.02 

+  0.02 

1.09 

0.03 

-0.01 

1.49 

0.03 

0 

4.85 

0.05 

-0.08 

0.04 

0.01 

-0.02 

1.23 

+  0.04 

1.13 

0  !63 

+  0.03 

1.11 

0.04 

-0.03 

4.89 

0.05 

+0.04 

While  the  first  determination  is  in  progress,  the  sample 
for  the  next  may  be  prepared  or  other  work  carried  on.  When 
the  determination  is  complete,  the  water  is  turned  off  the 
dephlegmator  and  the  water  inlet  tube  removed  first.  This 
allows  the  water  to  siphon  out  of  the  dephlegmator,  and 
prevents  flooding  of  the  apparatus. 

The  above  procedure  is  given  in  considerable  detail,  but 
with  a  little  experience  it  will  be  found  simple  and  convenient. 
A  determination  may  be  completed  in  2  hours  or  less.  The 
attention  of  the  analyst  is  required  during  only  a  part  of  this 
time  so  that  other  work  can  be  carried  on  simultaneously. 

Data.  The  same  glycerol  was  used  to  prepare  known 
samples  as  in  the  study  of  the  modified  Rojahn  method.  Tri¬ 
methylene  glycol,  also  prepared  as  above,  was  added  to 
several  samples  to  demonstrate  that  it  does  not  interfere. 
The  results  obtained  are  shown  in  Table  III. 

The  data  on  known  samples  show  that  the  vacuum  dis¬ 
tillation  method  is  precise  and  accurate  for  determination  of 
water  in  pure  glycerol  and  in  glycerol  containing  trimethylene 
glycol.  The  relative  error  is  not  greater  than  3  per  cent  in 
samples  containing  normal  amounts  of  water.  With  ordinary 
care  there  is  no  difficulty  in  getting  the  agreement  on  dupli¬ 
cates  shown  in  Table  III.  A  limited  number  of  check  analy- 
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ses  by  other  laboratories  have  shown  excellent  agreement, 
which  is  gratifying  in  view  of  the  fact  that  they  had  no  pre¬ 
vious  experience  with  the  method. 

In  Table  IV  are  shown  typical  results  obtained  on  analysis 
of  commercial  crude  and  dynamite  grades  of  glycerol  in 
comparison  with  similar  analyses  by  the  modified  Rojahn 
method. 

Table  IV.  Determination  of  Water  in  Commercial 
Glycerol 

(Comparison  of  the  new  method  with  the  Rojahn  method) 

< - Per  Cent  of  Water  Found - . 

Desiccation  over  P2O6  for: 


Vacuum  distillation 

24 

48 

72 

Sample 

1 

2 

Av. 

hours 

hours 

hours 

Dynamite  No.  1 

0.44 

0.45 

0.45 

0.75 

0.81 

0.90 

Dynamite  No.  2 

0.73 

0.74 

0.74 

0.82 

0.93 

1.04 

Crude  No.  1 

5.79 

5.77 

5.78 

5.57 

5.92 

5.92 

Crude  No.  2 

4.41 

4.43 

4.42 

3.89 

4.52 

4.77 

This  is  further  evidence  that  the  desiccation  over  P205 
is  unreliable.  One  of  the  dynamite  glycerols  showed  fairly 
good  agreement  with  the  new  method  in  24  hours,  while  the 
other  gave  a  result  almost  70  per  cent  too  high.  In  the 
crudes  both  were  somewhat  low  at  24  hours  and  gave  more 
nearly  correct  values  at  48  hours.  The  longer  time  re¬ 
quired  appears  to  be  caused  by  the  formation  of  a  layer  of 
phosphoric  acid  over  the  surface  of  the  phosphoric  anhydride, 
thus  reducing  its  efficiency  as  a  desiccant.  Over  activated 
alumina,  a  desiccant  which  is  granular  and  porous  but  ad¬ 
mittedly  of  lower  efficiency  than  P205,  a  value  of  4.50  per  cent 
of  water  was  obtained  on  crude  No.  2  in  24  hours. 

Precaution 

Anhydrous  magnesium  perchlorate  should  be  classed  as 
a  potentially  dangerous  chemical,  just  as  are  sulfuric  acid, 
metallic  sodium,  etc.  Accidents  have  resulted  from  the 
accidental  admixture  of  sulfuric  acid  with  this  compound  to 
form  perchloric  acid,  which,  in  turn,  exploded  in  contact  with 
organic  matter.  In  view  of  this,  the  following  precautions 
must  be  followed : 

1.  Never  use  sulfuric  acid  to  replace  potassium  hydroxide  in 
drying  tower  H. 

2.  The  chemical  should  be  kept  free  from  organic  material  as 
far  as  possible.  Never  use  a  cotton  plug  to  replace  glass  wool  in 
the  U-tube. 

3.  The  chemical  should  be  handled  and  the  spent  material 
disposed  of  only  by  the  chemist,  and  never  should  be  left  to  a 
janitor  or  clean-up  boy. 

4.  The  spent  chemical  should  not  be  thrown  into  waste  jars  or 
sinks.  It  should  be  dissolved  in  water  and  disposed  of  in  a  drain, 
ditch,  or  other  safe  place  outside  the  laboratory. 

Where  these  precautions  are  observed,  there  should  be  no 
trouble  resulting  from  the  use  of  anhydrous  magnesium 
perchlorate  as  a  desiccant. 

Summary 

A  critical  study  has  been  made  of  the  modified  Rojahn 
method,  showing  that  it  only  approximates  the  true  water 
content.  It  gives  varying  results  due  to  inadequate  control  of 
the  following  factors:  (1)  the  temperature  of  the  room  as  it 
affects  the  volatility  of  glycerol  at  the  reduced  pressure; 
(2)  the  presence  of  varying  amounts  of  volatile  impurities 
other  than  water;  and  (3)  the  loss  of  efficiency  of  the  desic¬ 
cant  when  comparatively  large  quantities  of  water  are 
present,  as  in  crude  glycerol. 

A  new  method,  designated  the  vacuum  distillation  method, 
is  described.  It  is  based  on  the  removal  of  water  from  glycerol 
at  100°  C.  and  2-  to  3-mm.  pressure.  The  volatility  of  the 
glycerol  and  low-boiling  impurities  in  glycerol  is  controlled 
by  a  reflux  condenser,  which  separates  these  ingredients  from 


the  water  vapor.  The  water  vapor  is  absorbed  in  a  desiccant 
and  weighed. 

The  vacuum  distillation  method  is  shown  to  give  the  true 
water  content  of  glycerol  with  a  relative  error  of  not  over  3 
per  cent  on  samples  containing  0.5  to  5  per  cent  of  water. 
Results  are  readily  duplicated  and  are  available  in  a  maxi¬ 
mum  time  of  2  hours.  The  attention  of  the  chemist  is  re¬ 
quired  during  only  a  fraction  of  this  time.  The  method  is 
applicable  to  crude  and  refined  glycerol. 
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Calculating  the  Blank 

BARTHOLOW  PARK 

Michigan  College  of  Mining  and  Technology, 

•  Houghton,  Mich. 

MANY  volumetric  determinations  require  an  excess  of 
the  reacting  solution  to  produce  a  visible  end  point. 
For  accurate  work  this  excess  must  be  subtracted  from  the 
total  amount  added  •  in  order  to  obtain  the  correct  titer. 
The  magnitude  of  this  excess  may  be  determined  directly  by 
titrating  a  blank,  on  which  the  end  point  is  apt  to  be  uncer¬ 
tain,  or  it  may  be  calculated  in  the  following  manner. 

If  two  or  more  samples  of  different  weights  are  run  under 
exactly  the  same  conditions,  the  amount  of  excess  reagent 
should  be  the  same  in  each  case  and  simple  equations  may  be 
used  to  calculate  it. 

Example 

A  zinc  solution  was  titrated  with  ferrocyanide,  using 
uranium  nitrate  as  outside  indicator  and  a  volume  of  200 
cc.  at  the  end  point  with  the  following  results: 

10  cc.  of  zinc  =  9.75  cc.  of  ferrocyanide 
20  cc.  of  zinc  =  19.13  cc.  of  ferrocyanide 
30  cc.  of  zinc  =  28.50  cc.  of  ferrocyanide 
40  cc.  of  zinc  =  37.87  cc.  of  ferrocyanide 

From  which 

28.50  —  z  =  3(9.75  —  z )  and  x  =  0.375 

28.50  -  x  =  3/2(19.13  -  x)  and  z  =  0.40 

19.13  —  x  =  2(9.75  —  x)  and  x  =  0.37 

37.87  -  x  =  4(9.75  -  z)  and  z  =  0.38 

37.87  -  z  =  4/3(28.50  -  z)  and  z  =  0.39 

37.87  -  z  =  2(19.13  -  z)  and  z  =  0.39 

Average,  0.38  cc. 

The  ratio  of  the  zinc  solution  to  the  ferrocyanide  solution 
after  subtracting  the  blank  of  0.38  cc.  figures  out  as  1  to 
0.937. 

Received  July  15,  1935. 


The  Reactivity  of  Coke 

An  Improved  Method  for  Determining  the  Reactivity  of  Coke  in  Carbon  Dioxide 

D.  A.  REYNOLDS  AND  J.  D.  DAVIS,  Pittsburgh  Experiment  Station,  U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa. 


IN  THE  investigation  of  the  gas-,  coke-,  and  by-product¬ 
making  properties  of  American  coals,  thirty  coals  have 
been  tested  by  the  Bureau  of  Mines-American  Gas  Asso¬ 
ciation  method  (4)  at  carbonizing  temperatures  of  500°, 
600°,  700°,  800°,  900°,  1000°,  and  1100°  C.  The  charges  are 
large  enough  so  that  the  structure  of  the  coke  is  similar  to  that 
produced  industrially.  Certain  physical  and  chemical  prop¬ 
erties  of  the  carbonization  products  have  been  reported  (4); 
this  investigation  of  the  reactivity  of  the  cokes  is  a  continua¬ 
tion  of  such  studies. 

Development  of  the  Method 

A  wide  variety  of  methods  for  determining  the  reactivity  of 
coke  is  available,  most  of  them  using  carbon  dioxide  or  air  as 
reactants  and  a  few  using  steam.  The  Bureau  of  Mines  used 
all  three  media  in  a  previous  study  (S)  but  prefers  carbon  di¬ 
oxide  because  it  does  not  have  the  disadvantage  of  large  dilu¬ 
tion  with  an  inert  gas.  Steam  is  particularly  applicable  where 
it  is  desired  to  test  the  coke  as  water-gas  fuel.  Carbon  di¬ 
oxide  was  adopted  for  the  present  study. 

The  temperature  at  which  reactivity  usually  is  measured  is 
900°  to  950°  C.,  which  is  approximately  that  at  which  high- 
temperature  cokes  are  made.  Heating  to  a  higher  tempera¬ 
ture  than  that  used  in  manufacture  may  change  the  structure 
and  chemical  composition  of  the  coke,  which  will  influence  the 
determination  of  initial  reactivity.  In  comparing  the  reac¬ 
tivities  of  cokes  made  at  temperatures  from  500°  to  1100°  C. 
it  was  necessary  to  obtain  initial  reactivity  as  nearly  as  pos¬ 
sible,  since  low-temperature  cokes  change  structurally  and 
chemically  on  reheating,  as  will  be  shown.  Also,  the  reaction 
temperature  chosen  must  be  high  enough  to  distinguish  be¬ 
tween  the  insensitive  high-temperature  cokes  and  yet  not 
approach  the  upper  theoretical  limit  for  low-temperature 
cokes.  Time  of  heating  is  also  a  factor. 

Changes  in  Low-Temperature  Cokes  Caused  by  Reheat¬ 
ing  to  High  Temperatures.  The  first  method  considered  in¬ 
volved  bringing  a  10.5-ml.  sample  sized  to  pass  10-mesh  and  re¬ 
main  on  20-mesh  to  950°  C.  in  nitrogen,  which  required  about 
1  hour,  flushing  out  the  nitrogen  with  carbon  dioxide,  and  then 
passing  exactly  100  ml.  of  carbon  dioxide  in  20  minutes.  The 
gas  from  this  final  100  ml.  of  carbon  dioxide  was  collected  in  a 
buret  over  potassium  hydroxide,  wThich  absorbed  the  excess. 
The  residual  gas,  presumably  pure  carbon  monoxide,  was  meas¬ 
ured  and  its  amount  reported  as  per  cent  reactivity.  Residual 
gases  from  several  low-temperature  cokes  tested  in  this  manner 
contained  appreciable  amounts  of  hydrogen  and  methane. 

Devolatilization  tests  at  950°  C.  were  then  made  on  three 
cokes  from  Sewell  bed  coal,  which  were  heated  in  nitrogen  from 
room  temperature  to  950°  C.  in  70  minutes.  The  gases  evolved 
were  collected  over  dilute  sulfuric  acid  and  analyzed. 

The  results  of  these  tests  are  given  in  Table  I.  The  gases 
continued  to  be  evolved  in  appreciable  amounts  from  each  of 
the  cokes  for  4  hours,  and  although  the  initial  rate  of  evolu¬ 
tion  was  much  the  lowest  for  the  900°  coke,  the  rates  were  all 
of  the  same  order  after  the  second  hour.  From  the  gas  analy¬ 
ses  it  is  clear  that  sufficient  carbon  monoxide  is  evolved  in  a  10- 
to  20-minute  test  to  affect  any  reactivity  result  seriously  un¬ 
less  correction  is  made  for  the  evolved  gas.  For  example,  if 
one  should  make  a  test  at  950°  C.  on  10.5  ml.  of  coke  car¬ 
bonized  at  900°  C.  devolatilized  by  heating  in  nitrogen  at 
950°  C.  for  1  hour,  0.79  ml.  of  gas  would  be  evolved  per  min¬ 
ute;  the  total  gas  in  a  20-minute  test  interval  would  be  15.8 


ml.  The  volume  of  carbon  monoxide  would  be  2.55  ml.  Ob¬ 
viously  it  will  be  impractical  to  determine  reactivity  of  coke 
accurately  by  any  method  involving  the  direct  use  of  carbon 
monoxide  content  of  the  gases  from  the  test  as  a  measure 
thereof. 


Table  I.  Gases  Evolved  from  Cokes  on  Reheating  at 

950°  C. 


(Coal  No.  27) 


Time  Heated 

Average  Rate  of  Gas  Evolution  during 

at  950°  C., 

1-Hour  Periods,  Cc./Min./10.5  Cc.  of  Coke 

Hours 

500°  coke 

700°  coke 

900°  coke 

1 

Gas  not  collected 

2 

1.52 

1.45 

0.79 

3 

0.57 

0.55 

0.48 

4 

0 . 45 

0.31 

0.40 

Gas  evolved 

Analysis  of  gas® 

% 

% 

% 

co2 

0.2 

0.5 

0.4 

H 

75.3 

75.6 

76.9 

CO 

15.6 

15.8 

16.2 

CH< 

2.4 

2.1 

1.5 

N 

6.3 

6,0 

5.0 

Total  gas  collected,  cc. 

152 

139 

100 

°  Gas  from  500°  and  700°  cokes  during  3rd  and  4th  hours,  from  900°  coke 
during  2nd,  3rd,  and  4th  hours. 


Additional  data  on  the  gases  evolved  on  reheating  were 
afforded  by  a  carbonization  test  in  which  a  70-pound  charge  of 
coke  made  from  Freeport  coal  at  600°  was  cooled  in  the  retort 
and  then  recarbonized  at  1000°  C.  The  time  required  for 
recarbonization  was  2  hours  and  53  minutes,  and  the  yields 
of  volatile  products  were:  3.9  per  cent  gas,  0.7  per  cent  tar, 
0.05  per  cent  light  oil,  no  liquor,  and  0.04  per  cent  ammonia. 
The  yield  of  gas  on  the  volume  basis  was  5100  cubic  feet  per 
ton  of  coal  originally  charged,  and  most  of  this  gas  was  hydro¬ 
gen  (Table  II). 

Table  II.  Gas  Obtained  on  Recarbonizing  a  Charge  of 
600°  Coke  at  1000°  C. 


Gas 

% 

COj 

0.7 

Illuminants 

0.6 

02 

0.9 

H2 

83.3 

CO 

3.8 

CH< 

7.1 

C?H« 

0.0 

n2 

3.6 

Total  100.0 

The  shrinkage  of  the  charge  as  a  whole  due  to  recarboniza¬ 
tion  was  approximately  5  per  cent,  but  the  shrinkage  of  actual 
coke  substance  probably  was  minimized  by  development  of 
radial  fissures  in  the  monolithic  charge  which  would  cause  ap¬ 
parent  expansion. 

Shrinkage  of  Coke  Substance  on  Reheating.  Under 
the  reactivity  test  conditions  first  selected — that  is,  heating  to 
950°  C.  in  nitrogen  in  1  hour — shrinkage  was  observed  for 
several  cokes  from  coals  of  different  ranks,  illustrated  by  the 
results  for  Illinois  No.  6  coal  given  in  Table  III. 

Table  III.  Shrinkage  of  Cokes  from  Illinois  Coal  on 
Reheating  to  950°  C.  in  Reactivity  Test 


Carbonizing 

Shrinkage 

Temperature 

°  C. 

% 

500 

21 

600 

21 

700 

10 

900 

3 

1100 

nil 

33 


34 
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Since  no  fissures  developed  in  the  particles  of  coke  and  no 
new  particles  finer  than  20  mesh  were  produced,  the  shrink¬ 
age  obtained  represented  actual  shrinkage  of  the  coke  par¬ 
ticle.  Furthermore,  it  appeared  on  comparison  of  the  heated 
and  unheated  cokes  under  the  microscope  that  the  size  of 
exposed  cells  had  diminished.  On  reheating  cokes  from 
Summerlee  coal  shrinkage  began  at  approximately  700°,  was 
most  rapid  between  700°  and  760°,  and  was  practically  uni¬ 
form  between  760°  and  900°  C. 

Obviously,  reheating  low-temperature  cokes  tends  to  cause 
both  chemical  and  structural  changes  which  may  affect  the 
reactivity  result  obtained.  Therefore,  when  data  on  initial 
reactivity  are  wanted  it  is  desirable  to  have  the  test  tempera¬ 
ture  as  low  as  practical,  to  reduce  the  heating  time  as  much  as 
possible,  and  to  reduce  the  “dead  space”  in  the  reaction  tube 
to  a  minimum,  so  that  the  time  for  sweeping  out  the  nitrogen 
may  be  decreased. 

Size  of  Coke  and  Rate  of  Passage  of  Carbon  Dioxide. 
Previous  experience  had  shown  that  reactivity  could  be  de¬ 
termined  satisfactorily  with  10  to  15  ml.  of  10-  to  20-mesh 
(U.  S.  standard  sieve)  coke,  passing  5  ml.  of  carbon  dioxide 
per  minute.  This  rate,  which  was  continued  throughout  this 
investigation,  is  equivalent  to  a  flow  of  0.5  ml.  of  gas  per  ml. 
of  coke  per  minute  and  is  approximately  the  same  as  that  used 
by  Jones,  King,  and  Sinnatt  (5)  in  their  standard  method  for 
determining  reactivity  of  coke  in  carbon  dioxide.  With  slight 
modification  the  writers  have  adopted  the  method  used  by 
these  investigators  for  measuring  and  passing  the  carbon 
dioxide  into  the  reaction  tube. 

Design  of  Reaction  Tube.  A  fused  silica  tube  was  de¬ 
signed  so  that  the  dead  space  to  be  swept  out  in  starting  a 
test  would  be  small  as  possible,  and  was  made  with  a  bulb 
of  size  just  sufficient  to  contain  the  sample  of  coke.  A  capil¬ 
lary  tube  was  sealed  to  one  end  of  the  bulb  for  introducing  the 
gas,  and  a  tube  of  larger  bore  was  sealed  to  the  other  end  for 
charging  the  sample.  A  thermocouple  well  was  fused  into 
the  bulb  or  coke  chamber,  extending  half-way  to  its  center. 
This  permitted  charging  the  coke,  already  contained  in  an 
inert  atmosphere,  into  the  preheated  furnace,  with  the  ther¬ 
mocouple  in  place,  thus  exposing  the  coke  to  the  test  tem¬ 
perature  for  a  minimum  time  before  the  test  was  begun. 
Those  methods  in  which  the  coke  is  charged  into  a  cold  fur- 


naceymd  the  whole  system  heated  gradually  to 
the  test  temperature  may  be  criticized  if  used 
for  testing  low-temperature  cokes,  because  of 
changes  brought  about  in  the  coke  by  pro¬ 
longed  heating. 

Choice  of  Reaction  Temperature.  As  a 
basis  for  choice  of  the  reaction  temperature  tests 
of  cokes  from  several  coals  were  made  at  800°, 
850°,  900°,  and  950°  C.  At  800°  most  high- 
temperature  cokes  are  so  slightly  reactive  that 
no  differences  are  apparent.  At  900  °  and  950  °C. 
the  low-temperature  cokes  are  generally  so 
highly  reactive  that  all  approach  the  upper 
limit  of  reactivity  for  a  practical  rate  of  gas 
flow.  The  results  at  850°  C.  for  both  highl¬ 
and  low-temperature  cokes  are  well  distributed 
over  the  theoretically  possible  range,  and  there¬ 
fore  this  was  the  test  temperature  adopted. 
Reactivities  are  expressed  as  the  per  cent  of 
carbon  dioxide  converted  to  carbon  monoxide. 

Apparatus  and  Procedure 

The  apparatus  finally  adopted  is  shown  in  Figure 
1.  The  water-jacketed  buret,  /,  is  constricted  at 
the  middle  so  that  the  volume  of  each  half  is  100 
ml.,  and  is  connected  to  a  vertical  tube  of  uni¬ 
form  bore  into  which  a  saturated  solution  of  magnesium  chlo¬ 
ride  may  flow  from  the  reservoir,  c.  This  reservoir  is  fitted  with 
a  capillary  drain  and  an  adjustable  air  inlet  tube  by  which  the 
flow  of  liquid  into  the  buret  may  be  regulated.  The  lower  bottle, 
b,  to  which  the  aspirator  bulb  is  connected,  serves  as  a  receiver  for 
the  solution  in  the  buret  as  it  is  displaced  by  carbon  dioxide. 
The  solution  may  be  forced  from  this  bottle  by  air  pressure  up¬ 
ward  through  the  glass  wool  filter,  e,  and  into  the  reservoir,  c. 
Capillary  glass  tubing  connects  the  buret  to  the  calcium  chloride 
drier,  g,  and  thence  to  the  inlet  of  the  silica  reaction  tube,  i. 

The  reaction  tube  assembly  is  shown  in  detail  in  Figure  1. 
The  inlet  is  capillary  silica  and  the  outlet  of  small-diameter 
silica  with  a  bore  large  enough  to  permit  charging  and  discharging 
the  granular  coke.  The  volume  of  the  coke  chamber  is  10.5  ml., 
and  the  total  volume  of  the  silica  assembly,  including  inlet  and 
outlet  tubes,  is  18.5  ml.  A  small,  thin-walled  silica  tube  with 
closed  end  is  sealed  into  the  lower  end  of  the  coke  chamber,  pro¬ 
jecting  to  its  center,  to  serve  as  a  thermocouple  sheath. 

The  furnace  is  heated  electrically  and  is  provided  with  an  auto¬ 
matic  temperature  controller.  That  portion  of  the  furnace 
containing  the  coke  chamber  was  tested  under  conditions  of  auto¬ 
matic  control  and  found  to  be  heated  uniformly. 

The  silica  tube  outlet,  which  also  serves  for  charging  and  dis- 


Figure  2.  Relation  of  Reactivity  of  Coke 
to  Carbonizing  Temperature 
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Table  IV.  Analysis  and  Plastic  Properties  of  Coals 


(In  order  of  decreasing  fixed  carbon  in  coal) 


Modified  Layng-Hathorne 


Dry  Mineral-  Proximate  Analysis  Maximum 

Matter-Free  1  as  Carbonized  Basis)  pressure, 


Coal 

Fixed 

Volatile 

Fixed 

Plastic 

mm.  of 

No. 

Bed 

State 

County 

Carbon 

Moisture 

matter 

carbon 

Ash 

range 

water 

% 

% 

% 

% 

% 

°  C. 

26 

Sewell 

W.  Va. 

Raleigh 

78.6 

1.3 

20.8 

75.8 

2.1 

119 

600 

27 

Seweii 

W.  Va. 

Fayette 

72.5 

1.9 

26.5 

69.2 

2.4 

133 

910 

28 

Pittsburgh 

Pa. 

Fayette 

62.6 

1.8 

35.1 

57.7 

5.4 

61 

340 

10 

Illinois  No.  6 

Ill. 

Franklin 

60.6 

7.9 

32.1 

47.7 

12.3 

45 

26 

21 

Green  River 

Ky. 

Muhlenberg 

57.0 

10.1 

36.2 

47.0 

6.7 

49 

65 

charging,  is  connected  as  shown  to  a  glass  capillary  leading  to  a 
mercury-filled  buret  of  200-ml.  capacity,  which  serves  to  collect 
the  gaseous  products  of  the  reaction.  A  leveling  bottle  mounted 
on  a  suspension  arranged  to  travel  over  a  gear  rack  permits  ad¬ 
justing  the  level  of  the  mercury  in  the  buret  uniformly  and  slowly. 

A  10.5-ml.  sample  of  coke  was  used  for  each  test.  It  was 
poured  through  the  silica  charging  tube  into  the  reaction 
chamber  and  settled  with  slight  tapping  to  the  junction  of  the 
chamber  and  the  tube.  As  the  furnace  was  vertical  the 
charged  coke  particles  were  not  free  to  move,  and  the  fuel 
bed  was  uniform  at  the  beginning  of  all  tests.  The  coke  did 
not  enter  the  capillary  gas-inlet  tube.  After  charging,  nitro¬ 
gen  was  passed  through  the  coke  to  displace  the  air. 

With  the  furnace  previously  heated  to  850°  C.,  a  cap  was  placed 
on  the  charging  or  outlet  tube,  and  after  the  rubber  tubing  con¬ 
necting  the  capillary  to  the  nitrogen  cylinder  was  removed  the 
charge  was  placed  in  the  furnace.  The  connection  to  the  capillary 
inlet  was  made,  the  cap  removed  from  the  outlet,  and  connection 
made  to  the  mercury-filled  buret.  The  3-way  cock  of  the  latter 
buret  was  left  open  to  permit  the  escape  of  gases  while  the 
coke  chamber  was  coming  up  to  temperature. 

The  magnesium  chloride  solution  was  forced  up  into  the  reser¬ 
voir,  c,  and  the  air  inlet  of  this  reservoir  was  set  at  a  point  (pre¬ 
determined)  which  insured  the  required  drip  of  solution  to  expel 
the  carbon  dioxide  from  the  buret  at  the  test  rate  of  5  ml.  per 
minute.  The  volume  of  the  carbon  dioxide  in  the  lower  half  of 
the  buret  was  reduced  to  exactly  60  ml.,  and  the  test  was  started 
exactly  5  minutes  after  charging,  this  period  being  sufficient  to 
bring  the  temperature  of  the  coke  up  to  850°  C.  With  the  liquid 
in  the  tube  at  the  same  level  as  that  in  the  buret,  thus  insuring 
atmospheric  pressure  therein,  the  gas  flow  through  the  coke  was 
started,  the  effluent  gases  being  vented  at  the  3-way  cock.  Dur¬ 
ing  the  12-minute  period  in  which  the  gas  from  the  lower  half  of 
the  supply  buret  was  displaced,  the  temperature  and  the  rate  of 
gas  flow  were  checked.  As  the  last  of  the  gas  was  expelled  the 
3-way  cock  was  turned  so  that  the  effluent  gases  collected  in  the 
buret,  and  during  the  remainder  of  the  test  atmospheric  pressure 
was  maintained  inside  the  system  by  slowly  lowering  the  mercury 
reservoir. 

With  the  carbon  dioxide  flowing  at  the  rate  of  5  nil.  per 
minute  the  time  required  for  a  determination  was  20  minutes. 
After  a  little  experience  it  was  not  difficult  to  obtain  good  ad¬ 
justment  of  the  rate,  and  the  test  periods,  which  were  all 
timed,  were  close  to  that  required.  After  passage  of  exactly 
100  ml.  of  carbon  dioxide  the  collected  gases  were  measured 
and  analyzed  for  carbon  dioxide,  that  found  being  the  residue 
not  reacting  with  the  coke.  The  difference  between  this 
volume  and  100  is  equal  to  the  per  cent  of  carbon  dioxide  re¬ 
acting  and  is  the  reactivity  sought.  Each  result  reported  is 
the  average  of  two  determinations  agreeing  to  within  1.0  per 
cent.  In  a  few  cases  it  was  necessary  to  make  more  than  two 
tests  because  of  wider  variations. 

Cokes  Tested 

The  cokes  selected  for  study  were  made  from  samples 
representing  five  ranks  of  coking  coals  according  to  the  pro¬ 
posed  classification  of  the  American  Society  for  Testing  Ma¬ 
terials  (I).  The  proximate  analyses  of  these  coals  and  their 
plastic  properties  as  determined  by  the  Layng-Hathorne 


method  are  shown  in  Table  IV.  The  coals  were  carbonized 
by  the  Bureau  of  Mines-American  Gas  Association  method. 
Chemical  analyses  and  certain  physical  properties  of  the 
cokes  have  been  published  (4),  but  since  no  relationship  was 
noted  between  these  properties  and  the  results  of  the  reac¬ 
tivity  tests  they  are  not  included  here. 

Results  of  Tests 

Table  V  and  Figure  2  show  the  results  obtained  by  this 
method.  Cokes  made  at  500°  have  reactivities  of  34.6  to 
62.8  per  cent.  The  600°  cokes  are  of  nearly  the  same  order 
of  reactivity  as  those  made  at  500°,  four  being  slightly  less 
reactive  and  one  (No.  10)  slightly  more  reactive.  Of  the 
700°  cokes,  three  decrease  in  reactivity  from  that  obtained 
at  600°;  No.  10  increases,  whereas  the  reactivity  of  700°  coke 
from  coal  No.  27  remains  approximately  the  same  as  the  500° 
and  600°  cokes  from  this  coal.  The  reactivities  of  all  the 
cokes  decrease  as  the  temperature  of  carbonization  is  raised  to 
800°,  900°,  and  1000°.  The  1100°  cokes  generally  are  less 
reactive  than  those  made  at  1000°,  but  this  difference  is 
marked  only  in  the  case  of  the  reactive  No.  28  and  No.  10 
cokes.  Summarizing  these  results,  it  may  be  concluded  that 
reactivity  of  coke  from  a  given  coal  decreases  with  increase 
in  the  carbonizing  temperature  and  that  this  decrease  is  most 
marked  between  carbonizing  temperatures  700°  and  900°. 

There  is  no  direct  relation  between  the  fixed-carbon  content 
of  the  coal  (Table  IV)  and  the  reactivity  of  the  corresponding 
coke.  While  it  may  be  true  that  the  rank  of  a  coal  affects  the 
reactivity  of  the  coke  made  from  it,  other  factors  are  appar¬ 
ently  of  sufficient  influence  to  change  entirely  the  order  in 
which  reactivities  of  cokes  align  themselves  in  relation  to  this 
property  in  the  coals. 


Figure  3.  Absorption  of  Moisture  by  Cokes,  4-  to  10- 

Mesh 
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Table  V.  Reactivity  of  Cokes  in  Carbon  Dioxide  at 

850°  C. 


Coal 

No. 

500 

600 

700 

800 

900 

1000 

1100 

10 

62.8 

65.8 

66.9 

58.7 

39.9 

22.9 

20.1 

21 

61  9 

59.4 

54.7 

38.4 

12.7 

6.4 

4.9 

28 

54.1 

51.8 

50.7 

39.3 

27.9 

17.7 

11.5 

26 

44.1 

44.0 

37.5 

31.7 

13.2 

4.3 

5.0 

27 

34.6 

33.3 

33.9 

27.9 

12.1 

6.6 

4.4 

These  cokes  were  among  those  used  by  Davis  and  Auvil  (2) 
in  their  study  of  electrical  conductivity.  They  found  that  the 
electrical  conductivity  of  the  800°  cokes  increases  and  the 
plastic  range  decreases  in  the  order  No.  10,  21,  28,  26,  and  27, 
which  is  also  the  order  (Figure  2)  of  reactivity  in  which  the 
500°,  600°,  and  700°  cokes  align  themselves.  It  is  not  true 
that  cokes  made  from  coals  of  different  rank  invariably  will 
have  reactivities  aligning  with  rank. 

Relation  of  Reactivity  to  Hygroscopicity  of  Coke. 
Reynolds  recently  published  results  (6)  of  an  investigation  of 
the  hygroscopicity  of  cokes  made  at  different  carbonizing 
temperatures  by  the  Bureau  of  Mines-American  Gas  Associa¬ 
tion  method.  Two  of  the  series  of  cokes  used  (coal  No.  10 
from  Illinois  No.  6  bed  and  coal  No.  21  from  Green  River 


bed)  were  the  same  samples  used  for  the  reactivity  tests  given 
in  this  paper.  The  curves  showing  change  of  hygroscopicity 
with  carbonizing  temperature  (Figure  3)  and  reactivity 
(Figure  2)  exhibit  similar  trends.  The  main  difference  re¬ 
lates  to  the  500°  cokes,  which  are  invariably  of  lower  hygro¬ 
scopicity  than  those  made  at  600°,  whereas  this  drop  in  re¬ 
activity  occurs  in  only  one  case.  The  curves  for  Illinois  coal 
are  conspicuously  high  in  both  cases. 
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Quantitative  Analysis  of  Mine  Dusts 

An  X-Ray  Diffraction  Method 


GEORGE  L.  CLARK  AND  DEXTER  H.  REYNOLDS,  University , of  Illinois,  Urbana,  Ill. 


IN  ORDER  to  study  occupational  diseases — silicosis, 
silicatosis,  etc. — in  relation  to  the  constituents  of  mine 
or  factory  dusts,  it  is  necessary  to  have  exact  quantita¬ 
tive  knowledge  concerning  the  chemical  composition  of  the 
materials  entering  the  lungs  of  workers.  It  has  been  pointed 
out  repeatedly  that  the  mineralogical  composition,  or  state  of 
chemical  combination,  of  the  factory  or  mine  dust  is  of  con¬ 
siderable  importance  in  relation  to  the  occurrence  of  these 
diseases,  while  the  elementary  composition — the  chemical 
elements  present — is  of  relatively  little  importance.  An 
absolute,  dependable  method  of  quantitative  mineralogical 
analysis  is  necessary,  therefore,  in  order  to  study  effectively 
the  occurrence  of  these  diseases,  and  to  set  up  satisfactory 
standards  for  the  protection  of  workers  who  must  labor  in  dust 
laden  atmospheres. 

Various  methods,  both  chemical  and  physical  (4,  5 ),  have 
been  proposed  and  used  for  this  purpose,  but  they  are  either 
not  of  general  application,  or  are  susceptible  to  influences 
which  may  vitiate  the  results  in  many  eases.  The  failure  of 
the  widely  used  and  generally  dependable  petrographic 
immersion  method  to  distinguish  between  free  quartz  and 
some  other  silicate  minerals  in  the  dusts  of  some  Canadian  gold 
mines  was  directly  responsible,  through  the  suggestion  of 
T.  L.  Walker,  director  of  the  Royal  Ontario  Museum  of 
Mineralogy,  for  the  development  of  the  method  to  be  de¬ 
scribed  here. 

Hull  (3)  pointed  out  a  number  of  facts  concerning  the 
diffraction  of  x-rays  by  powdered  crystalline  materials.  Of 
these  the  most  important  is  that  each  crystalline  chemical 
compound,  when  pulverized  and  placed  in  a  monochromatic 
beam  of  x-rays,  gives  rise  to  a  “diffraction  pattern,”  which 
may  be  registered  photographically  and  which  is  unique  for 
that  compound.  The  same  compound  always  gives  rise  to  the 
same  diffraction  pattern  which  is  different  from  the  pattern 


obtainable  from  any  other  compound  or  from  an  allotropic 
modification  of  the  same  compound.  For  a  mixture  of 
crystalline  materials,  each  substance  present  gives  its  own 
pattern,  regardless  of  the  presence  of  the  other  constituents, 
and  the  resultant  pattern  is  the  sum  of  the  patterns  of  all  the 
constituent  compounds.  By  proper  resolution  of  such  a 
complex  pattern  into  its  constituent  parts  it  is  found  that  x- 
ray  diffraction  is  a  most  powerful  method  of  qualitative 
analysis,  in  that  it  shows  not  only  the  elements  present  but 
also  their  true  state  of  chemical  combination. 

It  was  suggested  at  the  time  that  the  method  should  be 
capable  of  development  as  a  quantitative  analysis  by  the  use  of 
diffraction  patterns  of  known  mixtures  for  comparison  with 
the  pattern  of  the  unknown.  Since  that  time  (I),  relative 
line  densities  have  been  used  for  a  rough  estimation  of  the 
amounts  of  the  various  compounds  present  in  a  mixture,  but 
up  to  now  no  one  has  seen  fit  to  apply  the  highly  developed 
technic  of  quantitative  analysis  by  ultraviolet  spectroscopy 
to  x-ray  powder  diffraction. 

The  method  as  developed  here,  for  which  the  preliminary 
work  has  been  previously  reported  (2) ,  is  an  adaptation  of  the 
“internal  standard”  method  ( 6 )  of  ultraviolet  spectroscopy  to 
the  Hull  method  of  x-ray  diffraction  by  a  crystalline  powder. 
A  pure  crystalline  powder,  known  not  to  be  present  in  the 
mixture  being  examined,  is  added  to  the  unknown  in  a  definite 
ratio,  and  the  x-ray  diffraction  pattern  registered  by  a  suit¬ 
able  apparatus.  The  ratio  of  the  density  of  a  line  of  the 
substance  sought  to  that  of  a  nearby  line  of  the  added  standard 
is  determined  photometrically.  The  ratio  thus  obtained  is 
proportional  to  the  line  intensity  of  the  substance  sought, 
which  in  turn  is  proportional  to  the  amount  of  substance  in 
the  mixture.  By  reference  to  a  curve  which  is  prepared 
empirically  using  mixtures  of  known  composition,  the  per¬ 
centage  of  the  constituent  sought  is  obtainable  at  once. 
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C  ■  D/ffrac.  ted  X-Ray  Bearrj 
D  •  Photographic,  fi/m 

Figure  1.  Diagram  of  X-Ray  Diffraction  Camera 


Apparatus  and  Diffraction  Technic 

For  the  registration  of  the  diffraction  pattern  a  circular 
reflection-type  camera,  shown  diagrammatically  in  Figure 
1,  was  used. 

The  specimen  being  examined  was  pressed  into  the  shape  of  a 
wedge  and  mounted  so  that  the  tip  of  the  wedge  fell  at  the  center 
of  the  camera.  The  tip  of  the  wedge  was  bathed  by  the  lower 
half  of  the  main  x-ray  beam,  which  was  defined  by  a  series  of  lead 
pinholes  0.075  cm.  (0.030  inch)  in  diameter.  The  resulting 
diffraction  pattern  was  registered  on  a  photographic  film  which 
was  held  tightly  against  the  outside  of  a  machined  circle  of  which 
the  tip  of  the  wedge  was  the  geometric  center.  It  is  observed 
that  in  certain  directions  from  the  wedge  there  is  a  focusing  effect 
which  causes  a  narrowing  of  the  diffraction  lines  in  these  direc¬ 
tions.  By  taking  advantage  of  this,  a  high  degree  of  resolution 
can  be  obtained  in  any  desired  portion  of  the  pattern,  together 
with  a  rather  uniform  background  blackening  in  the  region 
particularly  to  be  investigated. 

Figure  2  shows  a  camera  of  the  type  used  in  this  work,  ar¬ 
ranged  so  that  the  wedge-shaped  specimen  may  be  revolved 
about  its  tip.  This  allows  the  side  of  the  wedge  next  to  the  x-ray 
tube  to  be  inclined  at  any  angle  to  the  incident  beam  of  x-rays, 
so  that  the  maximum  effect  of  the  focusing  may  be  realized.  Re¬ 
sults  may  be  duplicated  exactly  because  the  shape  of  the  speci¬ 
men  is  always  the  same,  it  can  be  set  at  the  same  angle  to  the 
beam  every  time,  and  all  parts  of  the  camera  are  permanently 
fixed  with  respect  to  each  other  and  may  be  locked  into  position 
on  the  instrument  table,  so  that  conditions  surrounding  the 
registration  of  the  diffraction  pattern  may  be  maintained  at 
maximum  constancy. 

The  specimen  was  irradiated  with  a  Philips  Metalix  fine-struc¬ 
ture-research  x-ray  tube  with  copper  anode,  mounted  in  a  Hayes 
x-ray  spectrograph,  operating  at  30  kvp.  and  25  milliamperes. 
The  exposure  time  varied  from  1  to  6  hours,  depending  upon  the 
concentration  range  of  the  specimen  being  examined,  those  speci¬ 
mens  having  the  lowest  percentages  of  the  substance  sought  re¬ 
quiring  the  longer  exposures. 


men,  with  the  added  standard  thoroughly  incorporated  with 
the  sample.  Both  these  ends  were  accomplished  by  develop¬ 
ing  a  steel  ball  mill,  using  ball  bearings  in  a  cylindrical  steel 
case,  of  such  size  that  samples  1  gram  in  size  could  be  handled 
without  appreciable  loss.  Twenty-four  hours’  grind  was 
found  to  be  necessary  to  reduce  quartz,  which  had  already 
passed  200-mesh,  to  a  powder  of  the  required  fineness. 

The  standard  series  of  samples  were  prepared  from  powdered 
quartz  and  calcite,  with  the  quartz  content  varying  from  0  to 
100  per  cent.  To  cover  the  entire  range,  it  was  found  neces¬ 
sary  to  divide  it  into  three  sections,  the  first  extending  from  0  to 
10,  the  second  from  10  to  60,  and  the  third  from  60  to  100  per 
cent.  To  2  grams  of  the  sample  prepared  as  above,  0.5  gram 
of  fluorite  was  added  for  the  first  two  sections,  and  1  gram  for 
the  third,  as  the  internal  reference  standard,  and  the  resulting 
mixture  ground  in  the  ball  mill  for  24  hours,  using  a  high-boiling 
petroleum  ether  as  a  dispersion  liquid  to  prevent  caking  of  the 
powder.  After  grinding,  the  samples  were  freed  of  the  petro¬ 
leum  ether,  mounted  in  the  diffraction  camera,  and  the  diffrac¬ 
tion  pattern  was  registered  as  described.  A  series  of  patterns 
for  the  10  to  60  per  cent  range  is  shown  in  Figure  4. 


Courtesy ,  J .  B.  Hayes,  Inc. 

Figure  2.  X-Ray  Diffraction 
Camera 


In  the  examination  of  the  samples  submitted  for  analysis, 
it  was  necessary  to  make  preliminary  patterns,  to  make  cer¬ 
tain  that  there  were  no  lines  present  which  would  interfere 
with  the  desired  line  of  the  added  standard  and  to  determine 
by  inspection  the  range  in  which  the  sample  fell  according  to 
quartz  content.  The  same  relative  amount  of  fluorite  was 
added  to  the  unknown  as  was  used  in  the  same  range  class 
for  the  standard  series,  and  the  resulting  mixtures  treated 
in  the  same  manner  as  were  the  standard  series. 


Preparation  of  Samples 

The  natural  ores  and  mine  dusts  submitted  for 
analysis  had  been  pulverized  to  pass  a  200-mesh 
screen.  Patterns  for  two  of  the  dust  samples  as 
received,  one  high  and  one  low  in  free  quartz  con¬ 
tent,  are  shown  in  Figure  3,  compared  with  patterns 
of  pure  rock  crystal  powder.  The  spotted  lines 
showed  that  the  average  particle  size  was  too  large 
to  give  smooth  diffraction  lines.  It  was  necessary 
to  resort  to  some  method  of  reducing  the  average 
particle  size,  for,  unless  smooth  diffraction  lines  were 
obtained,  photometer  curves  of  the  patterns  would 
be  meaningless.  Furthermore,  when  it  is  considered 
that  the  amount  of  sample  actually  bathed  by  the 
x-ray  beam  is  somewhat  less  than  1  mg.,  it  is  im¬ 
portant  to  have  an  absolutely  homogeneous  speci- 


Quartz 


Mine  dust 


Quartz 


Mine  dust 


Figure  3.  Patterns  for  Two  Dust  Samples 

Upper,  mine  dust  No.  21  as  received.  Very  low  in  quartz 
Lower,  mine  dust  No.  23  as  received.  High  in  quartz 
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Figure  4.  Patterns  for  10  to  60  Per  Cent  Range 

.4.,  pure  quartz  D,  50  per  cent  quartz 

B,  10  per  cent  quartz  E,  fluorite 

C,  30  per  cent  quartz 


Measurement  of  Relative  Intensities 

The  portion  of  each  film  containing  the  principal  lines  of 
quartz  and  fluorite  was  photometered  using  the  Hayes 
microphotometer.  The  microphotometer  is  of  the  Moll  type 
with  a  bismuth-silver  vacuum  thermocouple,  and  records 
photographically.  From  six  to  ten  curves  were  made  for 
each  pattern  at  various 
points  along  the  lines  in 
order  to  get  fair  and  de¬ 
pendable  average  measure¬ 
ments.  A  series  of  typical 
photometer  curves  is  shown 
in  Figure  5. 

The  density  of  a  photo¬ 
graphically  recorded  dif¬ 
fraction  line  may  be  con¬ 
sidered  as  proportional  to 
the  height  of  its  photometer 
curve  above  the  general 
background  of  the  pattern. 

If,  for  a  series  of  samples, 
it  is  considered  that  all  con¬ 
ditions  surrounding  the 
registration  of  the  patterns 
are  constant,  the  relative 
intensities  of  a  given  line 
appearing  in  all  the  pat¬ 
terns  may  be  considered 
proportional  to  the  relative 
densities  of  the  line,  and 
therefore  proportional  to 
the  heights  of  the  respective 
photometer  curves.  As  it 
is  practically  impossible  to 
control  the  conditions  ex¬ 
actly,  there  will  be  some 
variation  in  density  of  a 
given  line  from  film  to  film 
of  the  same  sample.  Small 
variations  are  satisfactorily 
taken  care  of  by  dividing 
the  densitv  of  the  line  of  the 


substance  sought  by  the  density  of  a  nearby  line  of  the  added 
standard.  The  ratios  thus  obtained  are  proportional  to  the 
relative  intensities  of  the  line,  and  hence  to  the  concentration 
of  the  substance  sought  in  the  specimen.  The  theory  under¬ 
lying  this  discussion  is  fully  developed  by  Scheibe  in  his  ex¬ 
cellent  treatment  of  quantitative  analysis  with  the  quartz 
spectrograph  (7). 

The  ratios  obtained  with  the  standard  series  for  quartz 
are  shown  in  Table  I.  Figure  6  shows  the  ratios  plotted 
against  the  percentage  quartz  present  in  the  standard  samples. 
Duplicate  runs  on  the  standard  series  have  not  varied  from 
the  curve  by  more  than  5  per  cent  of  the  amount  of  quartz 
present.  For  the  lower  percentages  of  quartz,  there  is  a  de¬ 
parture  from  the  straight-line  relationship  observed  in  the 
other  series.  It  has  been  determined  that  the  smallest 
amount  of  quartz  that  can  be  identified  positively  using 
the  technic  described  here  is  about  1  per  cent,  and  it  appears 
that  the  least  amount  that  can  be  measured  accurately  is 
about  4  per  cent.  The  method  is  certainly  not  to  be  recom¬ 
mended  for  traces.  The  reason  for  this  is  found  in  the 
multiplicity  of  lines  of  the  other  substances  present  in  large 
amounts,  which  causes  difficulty  in  the  accurate  placing  of 
the  base  lines  on  the  photometer  curves. 

In  order  to  determine  the  influence  of  minerals  other  than 
calcite  on  the  ratios,  samples  were  prepared  using  picked 
crystals  of  zircon,  titanite,  and  microcline  in  the  place  of 
calcite.  These  substances  were  chosen  because,  in  addition 
to  being  silicate  minerals,  they  give  strong  diffraction  lines 
very  close  to  those  of  quartz  and  fluorite,  and  contain  ele¬ 
ments  of  higher  atomic  number,  with  correspondingly  higher 
absorption  coefficients  for  x-rays,  than  calcite.  The  patterns 
of  these  minerals,  together  with  those  for  their  mixtures  with 
quartz  and  fluorite;  are  shown  in  Figure  7.  For  zircon  the 


D  Quartz  Determination 

Mine  Dust,  24%  Free  Quartz. 


A.  Standard  Series. 
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Figure  5.  Typical  Photometer  Curves 

1,  quartz  line  2,  fluorite  line 
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RATIO- Do/Ds.  RATIO-  Da/Ds. 


Figure  6.  Ratios 

Dq,  density  of  quartz  line  Ds,  density  of  standard  line 

strong  quartz  line  and  a  strong  zircon  line  almost  coincide. 
The  photometer  curves  for  these  patterns  barely  show  resolu¬ 
tion  of  the  quartz  line  as  an  inflection  point  on  the  side  of  the 
curve  for  the  zircon  line.  In  the  case  of  titanite  and  micro- 
cline,  there  are  no  coincident  lines,  but  the  lines  are  so  numer¬ 
ous  in  the  neighborhood  of  the  quartz  and  fluorite  lines  used 
that  some  difficulty  was  experienced  in  fixing  the  base  lines 
on  the  photometer  curves. 

Table  I.  Standard  Series 


Composition - s  Ratio 


Sample 

Quartz 

Calcite 

Fluorite 

Quartz 

Dq/Ds 

Grams 

Grams 

Gram 

% 

A. 

0  to  10  per  cent 

KC  1 

0.04 

1.96 

0.50 

2 

0.21 

KC  2 

0.08 

1.92 

0.50 

4 

0.31 

KC  3 

0.12 

1.88 

0.50 

6 

0.41 

KC  4 

0.16 

1.84 

0.50 

8 

0.59 

KC  5 

0.20 

1.80 

0.50 

10 

0.67 

B. 

10  to  60  per  cent 

KS  4 

0.20 

1.80 

0.50 

10 

1.0 

KS  5 

0.40 

1.60 

0.50 

20 

2.1 

KS  6 

0.60 

1.40 

0.50 

30 

2.7 

KS  7 

0.80 

1.20 

0.50 

40 

3.6 

KS  8 

1.00 

1.00 

0.50 

50 

4.8 

KS  9 

1.20 

0.80 

0.50 

60 

5.8 

C. 

60  to  100 

per  cent 

KD  1 

1.20 

0.80 

1.00 

60 

1.9 

KD  2 

1.40 

0  60 

1.00 

70 

2.2 

KD  3 

1.60 

0.40 

1.00 

80 

2.6 

KD  4 

1.80 

0.20 

1.00 

90 

3.3 

KD  5 

2.00 

0.00 

1.00 

100 

3.7 

Table  II.  Influence  of  Other  Minerals  Present 


20  Per  Cent  Quartz  40  Per  Cent  Quartz 


Diluent 

Ratio 

Apparent 
per  cent 

Ratio 

Apparent 
per  cent 

Calcite 

1.7 

20.0 

3.0 

40.0 

Zircon 

1.6 

19.0 

3.1 

41.0 

Microcline 

1.8 

21.0 

3.0 

40.0 

Titanite 

1.6 

19.0 

2.9 

39.0 

The  results  of  these  tests  are  shown  in  Table  II.  The 
indicated  percentage  of  quartz  is  in  no  case  more  than  5  per 
cent  from  the  true  value,  and  the  agreement  is  better  for  the 
higher  percentages.  This  is  undoubtedly  due  to  the  fewer 
number  of  lines  from  the  foreign  substances  present,  with 
less  interference  in  fixing  the  base  lines  on  the  photometer 
curves.  In  general,  the  variation  of  5  per  cent  may  be  taken 
as  a  measure  of  the  precision  of  the  method,  and,  since  the 
method  is  almost  entirely  empirical,  5  per  cent  may  be  taken 
as  its  accuracy.  This  corresponds  to  the  best  work  done  with 
the  quartz  spectrograph  as  used  for  quantitative  analysis. 

Results  of  Analysis  and  Discussion 

Some  of  the  results  of  analyses  of  submitted  samples  are 
shown  in  Table  III.  This  method  cannot  be  considered 


to  estimate  “free  silica,”  but  only  that  part  of  the  free  silica 
which  is  present  as  “free  quartz.”  If  a  sample  contains 
silica  in  any  other  crystal  form  or  as  a  glass,  this  silica  will 
not  be  estimated  as  quartz  by  this  method.  This  may  ex¬ 
plain  in  part  the  discrepancies  between  the  results  by  the  x-ray 
method  and  the  petrographic  immersion  method  upon  samples 
K7,  K8,  and  K9.  An  extended  comparison  between  the 
two  methods  is  now  under  way,  and  will  be  reported  at  a  later 
date. 

A  rather  conclusive  test  of  the  accuracy  of  the  method 
was  made  by  Walker.  Without  the  authors’  knowledge,  he 
submitted  two  samples  of  mine  dust,  along  with  a  series  of 
unknowns,  which  had  previously  been  analyzed  by  the  x-ray 
method,  and  to  which  he  had  added  a  known  amount  of  rock 
crystal  powder.  The  results  of  this  test  are  shown  in  Table 
IV,  which  is  taken  from  Walker’s  report  (8).  The  results 
fall  well  within  the  5  per  cent  limit  determined  above. 

Although  the  data  presented  here  have  to  do  only  with  the 
estimation  of  quartz,  there  is  no  theoretical  reason  why  any 
other  mineral  in  a  mixture  could  not  be  determined  quantita¬ 
tively,  since  the  method  is  limited  only  by  the  necessity  of 
having  pure  minerals  available  for  the  preparation  of  the  series 
of  standard  samples. 

Care  must  be  exercised  in  the  choice  of  a  reference  standard. 
The  line  of  the  standard  to  be  used  for  comparison  must  be 


Figure  7.  X-Ray  Patterns 

A,  pure  zircon 

B ,  60  per  cent  zircon,  40  per  cent  quartz,  with  fluorite 

C,  pure  quartz 

D,  60  per  cent  microcline,  40  per  cent  quartz,  with  fluorite 

E,  pure  microcline 

F,  pure  quartz 

G,  60  per  cent  titanite,  40  per  cent  quartz,  with  fluorite 

H ,  pure  titanite 
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distinctly  separated  from  lines  produced  by  other  minerals 
present  in  the  sample  to  be  analyzed,  and  it  should  be  as 
near  as  possible  to  the  line  of  the  substance  sought,  so  that 
the  two  will  undergo  the  same  absorption  effects  and  will  have 
nearly  the  same  general  background  fogging.  Using  the 
technic  described  here,  a  separation  of  0.3  mm.  is  satisfactory 
for  good  resolution.  Since  each  crystalline  substance  present 
in  the  sample  gives  several  diffraction  lines,  a  suitable  line 
may  be  found  in  almost  every  case  for  the  satisfactory  applica¬ 
tion  of  the  method. 


Table  III.  Results  op  Analyses 

- - Quartz 


X-ray 

Microscopic 

Sample 

Material 

method 

method 

% 

% 

K  1 

Mine  dust 

24.5 

K  2 

Mine  ore 

31.5 

K  7“ 

Feldspar 

26.0 

33 '8 

K  8“ 

Corundum 

Less  than  1 

0.8 

K  9a 

Abrasive  wheels 

Less  than  1 

8.3 

K  21 

Mine  dust 

3.5 

K  22 

Mine  dust 

13.2 

K  23 

Mine  dust 

54.6 

K  24 

Mine  dust 

16.7 

K  25 

Mine  dust 

13.4 

a  These  samples  were  obtained  from  the  Research  Laboratories  of  the 
Aetna  Life  Insurance  Company,  Hartford,  Conn.,  and  were  examined  there 
for  quartz  by  the  petrographic  immersion  method. 


exact  quantitative  knowledge  of  the  chemical  or  mineralogical 
composition  of  a  mixture  is  necessary  or  desirable.  The 
authors  are  at  present  using  the  method  to  study  the  kinetics 
of  the  change  of  some  oxides  from  one  allotropic  form  to 
another  in  the  dry  state,  and  it  has  been  applied  with  success 
to  the  compounds  of  lead  in  storage  battery  research. 

Summary 

An  empirical  method  for  the  quantitative  analysis  of  mine 
dusts  in  terms  of  their  mineralogical  content  using  x-ray 
diffraction  is  described.  A  crystalline  compound  which  is 
not  present  in  the  dust  sample  is  added  to  it  in  a  definite 
ratio.  The  densities  of  a  diffraction  fine  of  the  constituent 
sought  and  of  a  line  of  the  added  substance  are  compared 
photometrically.  From  the  ratio  the  amount  of  the  sub¬ 
stance  sought  may  be  determined  by  reference  to  a  curve 
in  which  similar  ratios  are  plotted  against  per  cent  sub¬ 
stance  sought,  the  curve  being  prepared  using  synthetic 
standard  samples  of  known  composition.  Duplicability 
of  results  is  within  5  per  cent  of  the  amount  of  the  sub¬ 
stance  sought  in  the  case  of  quartz.  The  method  has  been 
applied  only  to  quartz-silicate  ore  mixtures,  ranging  be¬ 
tween  0  and  100  per  cent,  but  should  prove  applicable  to 
many  other  minerals. 


Table  IV.  Test  of  X-Ray  Method  ( 8 ) 

Quartz  Quartz 

Sample  Found  Calculated 

No.  2  with  added  quartz  37.0  35.5 

No.  22  with  added  quartz  54.6  56.6 

The  apparatus  used  is  necessarily  expensive,  but  no  more  so 
than  that  required  for  dependable  analysis  with  the  quartz 
spectrograph.  Aside  from  the  time  required  for  the  long 
grinding  operation,  an  analysis  may  be  completed  in  about  4 
hours. 

The  method  should  find  ready  application  to  many  other 
industrial  problems,  such  as  those  encountered  in  the  manu¬ 
facture  of  cement,  plaster,  and  allied  products,  in  identifica¬ 
tion  and  quantitative  estimation  of  intermediate  and  final 
products  in  industrial  processes,  and  in  any  case  in  which  an 
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A  Sensitive  Check  Valve 


E.  L.  GREEN 

U.  S.  Department  of  Agriculture,  Bureau  of  Plant  Indus¬ 
try,  Washington,  D.  C. 


IN  precipitating  copper  by  hydrogen  sulfide,  a  number  of 
determinations  were  lost  because  of  accidental  inter¬ 
ruption  of  the  gas  stream  before  all  the  solutions  in  the  train 
had  been  saturated.  Partial  vacua  developed  where  these 
unsaturated  solutions  took  up  the  gas  in  the  connections, 
and  finally  the  solutions  in  the  flasks  backed  up  into  the  scrub¬ 
bing  devices.  To  prevent  any  such  movement,  an  unusually 
sensitive  check  valve  was  required  for  the  gas  delivery  tubes. 
The  device  illustrated  has  served  this  purpose. 

The  outer  shell,  A,  is  an  ordinary  25-mm.  (1-inch)  test  tube  cut 
to  a  suitable  length.  B  is  made  by  sealing  a  piece  of  4-mm.  tubing 
to  a  piece  of  15-  to  18-mm.  test  tube  of  the  indicated  length. 
At  point  C  the  neck  of  part  D  is  ground  into  B  to  an  airtight  seat. 
To  avoid  sticking,  this  joint  should  have  a  blunt  rather  than  a 


long~taper.  Part  D  is  made  from  a 
10-mm.  test  tube.  A  tail  is  drawn  on 
the  upper  end  to  guide  it  into  its  seat. 
A  tail  on  the  lower  end  serves  as  a 
handle  during  the  grinding  and  is 
then  sealed  off.  When  D  is  finished 
it  must  float  less  than  half  submerged 
in  water.  With  D  in  place,  the  lower 
end  of  B  is  softened  and  three  indenta¬ 
tions  are  pressed  into  it  to  retain  D. 

In  use,  as  small  a  quantity  of 
water  as  will  serve  is  placed  in  A, 
A  current  of  gas  entering  through 
B  displaces  the  water  from  it  into 
A  and  D  falls  away  from  its  seat. 
As  soon  as  the  current  of  gas  tends 
to  reverse,  the  water  rises  inside  B 
and  floats  D  into  its  seat.  A  reverse 
pressure  too  slight  to  close  one  of 
these  valves  but  still  capable  of  back¬ 
ing  gas  through  it  is  impossible. 
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Determination  of  Free  Sulfur  in  Rubber 

E.  W.  OLDHAM,  L.  M.  BAKER,  AND  M.  W.  CRAYTOR,  The  Firestone  Tire  and  Rubber  Co.,  Akron,  Ohio 


SINCE  the  determination  of  free  sulfur  in  vulcanized 
rubber  is  an  analytical  operation  of  utmost  importance, 
any  improvement  in  technic  which  increases  the  accuracy 
and  also  shortens  the  time  required  is  of  considerable 
value.  In  practically  all  the  methods  used  in  the  past,  the 
sulfur  has  been  extracted  with  hot  acetone  and  then  deter¬ 
mined  by  various  means:  direct  weighing  (#),  oxidation  and 
estimation  as  barium  sulfate,  conversion  into  thiocyanate  and 
titration  with  silver  nitrate  (S),  reaction  of  copper  gauze  with 
sulfur  and  iodometric  determination  of  the  hydrogen  sulfide 
evolved  when  the  gauze  is  treated  with  acid  (4),  treatment 
with  alcoholic  potash  and  estimation  of  the  sulfide  and  thio¬ 
sulfate  formed  ( 5 ).  These  methods  usually  require  8  hours 
or  more  for  the  extraction  of  the  sulfur,  and  its  estimation  in 
the  extract  is  a  lengthy  process. 

Although  much  time  is  required  for  oxidation,  precipitation, 
filtration,  and  weighing,  the  oxidation  and  gravimetric  meth¬ 
ods  have  proved  best  for  routine  work.  Volumetric  methods 
have  not  been  satisfactory  because  of  lack  of  satisfactory 
end  points,  side  reactions,  incomplete  reactions,  and  tedious 
manipulations.  The  volumetric  method  to  be  discussed, 
however,  makes  it  possible  to  shorten  the  time  required  for  a 
free  sulfur  analysis  to  less  than  3  hours  per  set  of  duplicate 
determinations. 

In  1933  Bolotnokov  and  Gurova  (I)  introduced  a  volu¬ 
metric  method  based  on  the  fact  that  free  sulfur  is  trans¬ 
formed  into  sodium  thiosulfate  when  a  rubber  sample  is 
heated  in  an  aqueous  solution  of  sodium  sulfite.  The  authors 
have  checked  this  method  and  have  found  the  extraction  and 
conversion  into  sodium  thiosulfate  to  be  complete  and  quan¬ 
titative  (as  shown  in  Table  I)  in  2  hours  when  checked  gravi- 
metrically,  using  the  Kratz,  Flower,  and  Coolidge  oxidation 
method  on  stocks  containing  non-sulfur-bearing  accelerators. 

Table  I.  Check  Determinations 

Free  Sulfur 


Type  of  Stock 

Gravimetric 

Volumetric 

% 

% 

Tube 

0.36 

0.36 

Tube 

0.94 

0.95 

Tire  tread 

0.22 

0.22 

Mechanical 

1.21 

1.24 

Uncured  rubber-sulfur  mix 

32.20 

32.40 

32.40 

32.50 

32.40 

32.60 

When  the  method  of  extraction  of  the  sulfur  and  its  conver¬ 
sion  into  sodium  thiosulfate  were  found  to  be  quantitative, 
the  authors  set  out  to  simplify  the  procedure  and  to  make  it  a 
rapid  and  practical  one  for  routine  testing  of  rubber  stocks 
containing  sulfur-bearing  as  well  as  non-sulfur-bearing  ac¬ 
celerators. 

Improved  Volumetric  Method 

The  presence  of  mercaptobenzothiazole  causes  the  thio¬ 
sulfate  method  to  give  high  results  (due  to  oxidation  of  mer¬ 
captobenzothiazole  to  benzothiazyl  disulfide)  when  compared 
with  corrected  results  from  the  Kratz,  Flower,  and  Coolidge 
method,  obtained  by  subtracting  the  sulfur  content  of  the 
mercaptobenzothiazole  present  from  the  results  obtained  by 
their  gravimetric  procedure.  The  mercaptobenzothiazole 
content  was  determined  for  this  correction  by  extracting  the 
rubber  sample  with  acetone,  treating  the  extract  with  a  ben¬ 
zene  solution  of  cupric  oleate,  and  estimating  the  precipitated 
cuprous  salt  of  mercaptobenzothiazole  gravimetrically  (6). 


Since  the  correction  cannot  be  conveniently  made  in  the 
volumetric  method,  it  was  decided  to  separate  mercaptoben¬ 
zothiazole  from  the  sodium  sulfite  solution  by  precipitation. 
Although  the  various  metals  noted  below  form  precipitates 
which  may  be  filtered  out,  only  the  cadmium  salt  was  found 
to  be  satisfactory  in  this  case.  Silver  reacts  with  the  thio¬ 
sulfate  to  form  silver  sulfide.  Lead  thiosulfate  is  only  spar¬ 
ingly  soluble.  Cuprous  copper  will  react  quantitatively  with 
mercaptobenzothiazole,  but  any  cupric  copper  will  oxidize 
thiosulfate.  Cadmium  alone  of  all  the  metals  tried  precipi¬ 
tated  mercaptobenzothiazole  without  reaction  with  thiosul¬ 
fate. 

The  addition  of  5  mg.  of  sodium  stearate  (which  serves  as  a 
wetting  agent  in  the  extraction)  and  0.5  gram  of  paraffin 
(which  prevents  frothing)  were  found  to  be  beneficial.  Air 
condensers  are  unnecessary,  since  cover  glasses  work  satis¬ 
factorily  when  paraffin  is  used. 

The  fatty  acids  present  in  rubber  stocks  are  extracted  dur¬ 
ing  the  heating  with  sodium  sulfite.  These  are  precipitated 
along  with  the  fatty  acid  from  the  soap  by  a  solution  of  stron¬ 
tium  chloride.  The  excess  strontium  forms  insoluble  stron¬ 
tium  sulfite  which  helps  to  break  up  the  other  flocculent  pre¬ 
cipitates,  thus  keeping  the  filters  from  clogging. 

Since  the  final  titration  is  a  thiosulfate-iodine  reaction,  it  is 
necessary  to  eliminate  or  render  inert  the  excess  sodium  sul¬ 
fite.  The.  addition  of  formaldehyde  accomplishes  tbis  by 
forming  a  formaldehyde-sodium  sulfite  addition  product. 

The  end  point  is  improved  by  using  a  large  volume  (ap¬ 
proximately  600  cc.)  of  solution  acidified  with  acetic  acid, 
and  cooled  below  15°  C.  with  crushed  ice.  A  very  distinct 
end  point  is  obtained  which  will  last  2  to  3  minutes. 

Procedure 

Place  2  grams  of  thinly  sheeted  sample  0.05  to  0.075  cm. 
(0.02  to  0.03  inch)  in  a  400-cc.  Underwriters’  flask.  Add  100  cc. 
of  5  per  cent  sodium  sulfite  solution,  5  cc.  of  a  0.1  per  cent  sodium 
stearate  suspension  in  water,  and  approximately  1  gram  of  paraf¬ 
fin.  Cover  the  flask  with  a  small  watch  glass  and  heat  so  as  to 
boil  gently  for  2  hours.  Remove  the  flask  and  add  100  cc.  of 
0.5  per  cent  strontium  chloride  solution  and  10  cc.  of  3  per  cent 
cadmium  acetate  solution.  Separate  the  rubber  and  precipitates 
by  filtration,  using  a  Buchner  funnel  with  suction.  Wash  with 
two  75-  to  100-cc.  portions  of  a  wash  solution  containing  40  cc. 
of  3  per  cent  cadmium  acetate  solution  per  liter.  (The  funnels 
are  prepared  by  forming  a  thin  asbestos  pad  over  a  single  sheet 
of  qualitative  filter  paper.  Filters  thus  prepared  can  be  used 
numerous  times.)  To  the  filtrate,  add  with  stirring  5  cc.  of  40 
per  cent  formalin  solution,  10  cc.  of  glacial  acetic  acid,  and  5  cc. 
of  1  per  cent  starch  solution.  Add  enough  crushed  ice  to  bring 
the  temperature  of  the  solution  below  15°  C.,  and  titrate  with  a 
standard  solution  of  iodine  to  a  blue  end  point.  A  blank  deter¬ 
mination  is  run  on  the  reagents  and  this  figure,  usually  0.2  to 
0.3  cc.,  is  subtracted  from  the  titrations  on  the  samples. 

S  Na2S03  =  Na2S203  (1) 

N\  N\ 

CeHiS — CSH  +  Na2S03  =  C6H4S— CSNa  +  NaHS03  (2) 

2NaOOC(CH2)16CH3  +  SrCl2  =  Sr[OOC(CH2)I6CH3]2  + 

2NaCl  (3) 

Na2S03  +  SrCl2  =  SrS03  +  2NaCl  (4) 

N\  N\ 

2C6H4S— CSNa  +  Cd(OOCCH3)2  =  (C6H4S— CS)2  Cd  + 

2NaOOCCH3  (5) 

Na2S03  +  Cd  (OOCCH3)2  =  CdS03  +  2NaOOCCH3  (6) 

HCHO  +  Na2S03  +  H20  =  H2C(0H)S03Na  +  NaOH  (7) 

2Na2S203  -f-  I2  =  Na2S406  -(-  2NaI  (8) 
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Table  II.  Comparative  Determinations 


(Stocks  containing  non-sulfur-bearing  accelerators) 

Free  Sulfur 


Sample 

Gravimetric 

Thiosulfate 

% 

% 

Tread 

0.53 

0.49 

0.49 

0.44 

0.21 

0.19 

0.36 

0.35 

0.22 

0.23 

0.07 

0.07 

1.05 

1.02 

Cushion 

1.00 

0.99 

0.79 

0.75 

0.75 

0.71 

Carcass 

0.53 

0.50 

0.25 

0.22 

0.37 

0.36 

0.20 

0. 18 

Tube 

1.00 

0.98 

0.52 

0.52 

1.02 

0.98 

0.52 

0.52 

Valve  bases 

0.15 

0.13 

0.52 

0.51 

0.87 

0.84 

0.88 

0.87 

0.18 

0.16 

0.04 

0.05 

Table  III.  Comparative  Determinations 


(Stocks  containing  mercaptobenzothiazole) 

Free  Sulfur 


Corrected 

Sample 

gravimetric 

Thiosulfate 

% 

% 

Tread 

0.15 

0.16 

0.46 

0.47 

0.11 

0.15 

0  23 

0.21 

0  54 

0.52 

0.43 

0.43 

Carcass 

0.20 

0.22 

0.42 

0.39 

0.82 

0.78 

0.25 

0.29 

0.26 

0.24 

Tube 

0.36 

0.36 

0.23 

0.19 

0.11 

0.07 

0.05 

0.04 

0.01 

0.01 

0.07 

0.08 

Juvenile  tires 

0.75 

0.78 

0.43 

0.46 

From  Equations  1  and  8  it  is  evident  that  one  equivalent  of 
iodine  is  required  for  each  equivalent  of  sulfur;  hence  1  cc. 
of  a  0.1  N  solution  would  be  equal  to  0.003206  gram  of  sulfur. 
It  has  been  found  convenient  to  use  0.0624  N  iodine  solution, 
so  that  1  cc.  is  equivalent  to  0.00200  gram  of  sulfur  or  0.10 
per  cent  free  sulfur  on  a  2-gram  sample. 

Discussion  of  Results 

A  comparison  of  results  obtained  by  both  the  Kratz, 
Flower,  and  Coolidge  and  the  thiosulfate  methods  (Table  II), 
on  stocks  containing  non-sulfur-bearing  accelerators,  shows 
that  the  volumetric  method  usually  gives  results  very  slightly 
lower  than  the  gravimetric,  the  maximum  being  0.05  per  cent 
on  the  compound . 

A  similar  comparison  (Table  III)  wras  made  on  stocks  con¬ 
taining  mercaptobenzothiazole  as  a  representative  sulfur¬ 
bearing  accelerator  of  wide  usage.  The  amount  of  sulfur  in 
the  acetone  extract  which  was  determined  to  be  organically 
combined  as  mercaptobenzothiazole  was  subtracted  from  the 
gravimetric  value  to  give  the  corrected  gravimetric  free  sulfur 
value. 

The  comparative  figures  show  an  agreement  between  the 
two  methods  which  is  extremely  good  and  within  the  experi¬ 
mental  errors  involved,  and  are  offered  as  proof  that  the 
thiosulfate  method  obtains  free  sulfur  values  that  are  of 
practical  worth  in  a  minimum  of  time. 

In  addition  to  all  common  fillers,  softeners,  etc.,  the  follow¬ 
ing  compounds  have  no  effect  upon  the  accuracy  of  the  method: 


Table  IV.  Determinations  on  Mercaptobenzothiazole 

Tread  Stocks 


Gravimetric 
Free  Sulfur 

Correction 

Gravimetric 
Free  Sulfur 
Corrected 

Thiosulfate 

% 

% 

% 

% 

0.67 

0.09 

0.58 

0.61 

0.38 

0.14 

0.24 

0.24 

0.36 

0.02 

0.34 

0.35 

0.72 

0.27 

0.45 

0.43 

0.78 

0.27 

0.51 

0.51 

0.85 

0.28 

0.57 

0.57 

0.54 

0.16 

0.38 

0.40 

Table  V.  Comparison  of  Methods 


, - 

- Free  £ 

iulfur - 

Stock 

Katz,  Flower  and 
Coolidge 
Corrected 

Bromine 

Thio¬ 

sulfate 

% 

% 

% 

% 

Guanidine 

0.35 

0.34 

0.34 

0.72 

0.70 

0.69 

0.71 

0.72 

0.71 

0.79 

0.74 

0.74 

Mercaptobenzothiazole 

0.85 

0.57 

0.68 

0.57 

0.72 

0.45 

0.56 

0.43 

0.50 

0.37 

0.36 

0.34 

0.26 

0.10 

0.18 

0.13 

0.48 

0.32 

0.39 

0.35 

thiocarbanilide,  guanidines,  aldehyde  amines,  tetramethyl- 
thiuram  monosulfide,  mercaptobenzothiazole,  benzothiazyl 
disulfide,  p-aminophenol,  naphthylamines,  xanthates,  car¬ 
bamates,  and  vulcone. 

Accelerators  such  as  tetramethylthiuram  disulfide,  which 
also  function  as  vulcanizing  agents,  liberate  the  available 
sulfur  during  the  heating  with  sodium  sulfite  and  the  thio¬ 
sulfate  thus  formed  influences  the  accuracy  of  the  free  sulfur 
determination  on  such  stock.  This  is  perhaps  no  serious 
handicap  because  gravimetric  results  on  such  stocks  are  of  no 
particular  value  because  of  the  high  percentage  of  organically 
combined  sulfur  in  the  acetone  extract. 

Conclusions 

Values  obtained  by  the  volumetric  method  herein  described 
compare  favorably  with  those  obtained  by  gravimetric  meth¬ 
ods  when  corrections  are  applied  to  the  latter  for  the  sulfur 
in  the  organic  compounds  in  the  acetone  extract. 

The  precision  of  the  method  is  excellent,  as  duplicates-  in 
each  set  usually  check  within  0.01  per  cent  of  free  sulfur  on 
the  compound. 

This  method  is  much  faster  than  previous  methods. 

The  cost  of  the  reagents  is  low  when  compared  with  most 
other  methods. 
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Rustproofing  Paints.  A  number  of  experiments  concluded 
in  Germany  tend  to  prove  that  the  old  method  of  red  lead  priming 
followed  by  two  coats  of  good  varnish  constitute  the  most  reliable 
rust  protection  for  exposed  iron  and  steel  objects.  German  rail¬ 
road  specialists  state  that  experience  of  many  years  has  brought 
out  nothing  to  improve  on  red  lead  as  a  rust  preventive.  Sand 
blast  cleaning  has  been  found  to  produce  the  best  results. 


Accurate  Separation  of  Precipitated  Mercuric 
Sulfide  and  Sulfur  in  the  Gravimetric 
Determination  of  Mercury 

EARLE  R.  CALEY  AND  M.  GILBERT  BURFORD1 
Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


THE  common  method  for  the  determination  of  mercury 
as  the  sulfide  suffers  from  the  disadvantage  that  the 
precipitate  is  often  contaminated  with  sulfur.  The  usual 
practice  is  to  attempt  to  remove  the  free  sulfur  from  the 
precipitate  by  various  methods  before  weighing.  Hot  extrac¬ 
tion  with  carbon  disulfide  is  considered  one  of  the  best  methods 
(3).  Another  is  the  successive  washing  of  the  precipitate 
with  hydrogen  sulfide  water,  hot  water,  alcohol,  carbon  di¬ 
sulfide,  alcohol,  and  ether  (1).  All  such  procedures  involve 
an  element  of  uncertainty  because  of  the  difficulty  of  knowing 
when  the  removal  of  sulfur  is  complete,  particularly  since 
some  forms  of  sulfur  are  but  slightly  soluble  in  certain  of  these 
solvents.  The  method  of  final  treatment  presented  here 
avoids  this  possible  source  of  error.  It  consists,  in  brief,  of 
drying  and  weighing  the  precipitate  without  attempting  to 
remove  the  free  sulfur,  treating  it  with  cold  concentrated 
hydriodic  acid  to  dissolve  out  the  mercuric  sulfide  without 
affecting  the  sulfur,  and  weighing  this  residual  sulfur.  The 
difference  between  these  two  weights  gives  the  weight  of  pure 
mercuric  sulfide  present. 

That  hydriodic  acid  dissolves  mercuric  sulfide  even  in  the 
cold  was  first  observed  by  Kekule  (3).  With  acid  as  concen¬ 
trated  as  the  constant-boiling  mixture,  hydrogen  sulfide  is 
vigorously  evolved,  and  only  a  comparatively  small  volume  is 
required  to  dissolve  a  given  amount  of  the  sulfide,  the  mercury 
going  into  solution  in  the  form  of  a  very  soluble  complex. 
The  reaction  can  be  expressed  by  the  equation 

HgS  +  4HI  -►  H2HgI4  +  H.S 

Though  this  reaction  proceeds  even  more  vigorously  with  hot 
concentrated  acid,  the  latter  cannot  be  applied  in  this  method 
because  free  sulfur  reacts  to  a  slight  extent  with  it  forming 
hydrogen  sulfide  and  iodine.  The  cold  acid  apparently  does 
not  react  with  sulfur,  at  least  during  the  short  period  of  con¬ 
tact  required  in  the  practical  procedure. 

For  this  purpose  hydriodic  acid  stabilized  with  hypophos- 
phorous  acid  is  the  most  convenient  to  use,  since  the  rapid 
formation  of  troublesome  free  iodine  from  air  oxidation  is  thus 
avoided.  The  hypophosphorous  acid  content  in  no  way  inter¬ 
feres  with  the  separation.  Merck’s  ordinary  grade  of  specific 
gravity  1.70  was  used  in  all  the  experiments  recorded  in  this 
paper.  The  mercuric  sulfide  was  prepared  by  precipitation  of 
a  solution  of  recrystallized  mercuric  chloride  with  hydrogen 
sulfide  under  conditions  that  led  to  the  formation  of  no  free 
sulfur.  Samples  treated  with  hydriodic  acid  gave  no  weigh- 
able  residues.  The  specimen  of  pure  finely  divided  sulfur  was 
found  to  have  no  appreciable  solubility  in  cold  concentrated 
hydriodic  acid.  In  testing  this  point  the  weighed  samples  of 
sulfur  were  placed  in  weighed  glass  crucibles,  treated  with 
about  5  ml.  of  the  acid  for  several  minutes  with  stirring,  then 
washed  with  water  and  dried  for  2  hours  in  a  vacuum  desic¬ 
cator.  In  a  typical  run  a  0.4225-gram  sample  left  a  0.4222- 
gram  residue  after  treatment,  a  difference  of  0.0003  gram, 
which  was  probably  in  large  part  a  weighing  error. 

Collect  the  precipitated  mercuric  sulfide  in  a  weighed  glass  or 
porcelain  filtering  crucible,  wash  with  cold  water,  dry  thoroughly 

1  Present  address,  Department  of  Chemistry,  Cornell  University,  Ithaca, 
N.  Y. 


at  110°  C.,  and  weigh.  Replace  the  crucible  in  the  holder  without 
turning  on  the  suction  pump,  and  add  cold  stabilized  constant¬ 
boiling  hydriodic  acid  in  the  proportion  of  about  5  ml.  for  each 
gram  of  precipitate.  Stir  the  mixture  with  a  glass  rod  until  all 
black  particles  of  mercuric  sulfide  have  disappeared,  then  turn  on 
a  gentle  suction  and  draw  the  solution  from  the  crucible.  Wash 
the  residual  sulfur  first  with  three  or  four  successive  5-ml.  portions 
of  dilute  (5  to  10  per  cent)  hydriodic  acid  and  then  with  cold 
water.  Water  must  not  be  used  for  the  initial  washings  because 
of  the  danger  of  decomposing  the  soluble  mercury  complex,  thus 
precipitating  mercuric  iodide  in  the  pores  of  the  filtering  disk. 
Dry  the  crucible  and  its  contents  for  about  2  hours  in  a  vacuum 
desiccator  and  reweigh.  The  difference  in  the  two  weighings 
gives  the  amount  of  pure  mercuric  sulfide  present. 

Results  from  experiments  on  the  quantitative  separation  of 
synthetic  mixtures  of  mercuric  sulfide  and  sulfur  by  this 
method  are  shown  in  Table  I.  The  sharpness  of  the  separa¬ 
tion  is  evident. 


Table  I.  Separations  of  Mercuric 

Sulfide  from 

Sulfur 

Mercuric  Sulfide 

Sulfur 

Sulfur 

Taken 

Taken 

Found 

Error 

Gram 

Gram 

Gram 

Gram 

0 . 0865 

0.4220 

0  4221 

+0  0001 

0  1717 

0 . 0822 

0.0821 

-0.0001 

0 . 2099 

0 . 0802 

0.0801 

-0  0001 

0.3895 

0 . 0052 

0.0055 

+0.0003 

Apparently  this  method  can  be  applied  also  to  the  rapid 
estimation  of  the  mercuric  sulfide  content  of  technical  grades 
of  this  sulfide  prepared  in  the  dry  way,  since,  when  genuine, 
these  are  mixtures  of  mercuric  sulfide  with  more  or  less  free 
sulfur.  Results  of  test  analyses  of  actual  specimens  are  shown 
in  Table  II. 

Table  II.  Analyses  of  Commercial  Mercuric  Sulfides 


Variety 

Sample  Taken 

Residue  Found 

Mercuric  Sulfide 

Grams 

Gram 

% 

Black 

0.5860 

0.0275 

95.31 

1.1210 

0.0531 

95.26 

0.3855 

0.0182 

95.28 

0  6103 

0.0289 

95.26 

0.4807 

0.0226 

95.30 

Red 

0.3748 

0 . 0087 

97  68 

0.7638 

0  0178 

97.67 

0.5385 

0  0124 

97.70 

0.4529 

0  0104 

97.70 

0.4768 

0.0110 

97.69 

In  these  determinations  the  samples  were  weighed  directly 
into  weighed  glass  crucibles  and  treated  by  the  above  proce¬ 
dure.  The  very  satisfactory  agreement  of  duplicate  trials 
on  the  same  sample  is  evident.  Since  mercuric  sulfide  should 
be  the  only  component  in  unadulterated  commercial  sulfides 
that  is  soluble  in  hydriodic  acid,  this  method  should  also  be 
highly  accurate.  Certainly  it  has  the  advantages  of  being 
much  more  rapid  and  much  simpler  than  the  usual  procedures 
for  the  estimation  of  the  mercuric  sulfide  content  of  such 
products. 
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DETAILED  study  of  the  products  and  yields  from  the 
destructive  distillation  of  agricultural  wastes  has  neces¬ 
sitated  repeated  determination  of  the  formic  acid  content  of 
the  pyroligneous  liquors  produced  under  different  operating 
conditions.  Methods  of  formic  acid  determination  now  in 
use  are  undependable  or  very  time-consuming,  when  applied 
to  such  liquors,  which  usually  contain  comparatively  small 
quantities  of  formic  acid  together  with  large  quantities  of 
other  chemical  compounds.  These  may  interfere  with  or  give 
positive  reactions  with  the  usual  formic  acid  tests,  and  recom¬ 
mended  prepurification  procedures  (3)  have  certain  difficul¬ 
ties  of  application.  There  exists,  therefore,  a  need  for  a  con¬ 
venient  and  accurate  method  for  the  determination  of  small 
quantities  of  formic  acid  in  pyroligneous  liquor. 

Present  methods  of  determining  formic  acid  are,  in  general, 
based  on  steam-distilling  the  volatile  components  from  the 
nonvolatile  and  then  treating  the  solution  with  mercuric 
chloride  and  weighing  the  calomel  precipitated  ( 1 );  titrating 
the  hydrochloric  acid  formed  (5);  estimating  total  acids 
before  and  after  removal  of  the  formic  acid  by  oxidation  with 
mercuric  oxide  ( 2 ) ;  or  estimating  the  carbon  dioxide  evolved 
by  oxidation  of  the  formic  acid  with  mercuric  oxide  or  other 
oxidants,  using  various  methods  of  carbon  dioxide  absorption 
(2,8).  These  methods  are  open  to  certain  objections.  Vari¬ 
ous  impurities,  especially  aldehydes  or  unsaturated  bodies 
that  may  act  as  reducing  agents,  will  affect  the  calomel  pre¬ 
cipitation.1  Gravimetric  methods  are  likely  to  show  rela¬ 
tively  large  percentage  errors  when  the  quantity  of  formic 
acid  is  small.  Oxidation  methods  usually  require  the  removal 
of  dissolved  carbon  dioxide  from  the  sample  before  subjection 
to  the  action  of  oxidizing  agents,  involving  special  apparatus 

i  The  use  of  potassium  acetate  and  hydroxylamine  has  been  recom¬ 
mended  as  increasing  the  accuracy  of  the  calomel  method  by  J.  C.  Carlin 
of  the  Tennessee  Products  Corporation,  Nashville,  Tenn.,  but  prepurification 
is  required  (private  communication). 


or  procedure.  The  use  of  an  insoluble  oxidizing  agent  is 
attended  by  difficulties  in  preventing  the  admission  of  carbon 
dioxide  from  the  air  during  addition,  securing  an  even  rate 
of  oxidation,  avoiding  possible  oxidation  of  impurities  due  to 
the  excess  oxidant  present,  avoiding  loss  of  carbon  dioxide 
due  to  failure  of  absorption  systems  of  small  capacity  to 
take  care  of  uneven  liberation  of  gas,  etc. 

In  the  present  experimentation,  since  an  oxidation-carbon 
dioxide  absorption  scheme  seemed  to  offer  the  greatest  flexi¬ 
bility,  various  modifications  of  the  methods  now  in  use  were 
studied  in  a  effort  to  overcome  known  limitations.  Various 
substances  normally  present  in  pyroligneous  liquors  were 
studied  individually  to  ascertain  the  extent  of  error  from  such 
presence,  and  to  learn  how  much  preliminary  purification  is 
required  for  the  accurate  determination  of  formic  acid  under 
the  conditions.  After  a  trial  the  use  of  Truog  towers  (11) 
for  absorbing  carbon  dioxide  was  abandoned  because  of  dif¬ 
ficulties  resulting  from  absorption  of  carbon  dioxide  from  the 
air  during  the  washing  of  alkali  from  the  tower,  and  in  con¬ 
trolling  the  flow  of  carbon  dioxide-free  air  at  a  uniform  rate. 
A  number  of  soluble  and  insoluble  oxidizing  agents  were  tried, 
and  mercuric  acetate  solution,  the  addition  of  which  can  be 
easily  controlled,  was  finally  adopted  as  most  suitable. 
Barium  hydroxide  solution  was  used  for  absorbing  the  carbon 
dioxide,  winch  was  estimated  volumetrically.  As  a  result  of 
these  experiments  a  closed  circulatory  absorbing  system  was 
evolved  which  is  believed  to  minimize  the  disadvantages  of 
other  systems.  It  is  cheap,  easily  constructed,  easily  regu¬ 
lated,  and  almost  automatic  in  action,  and,  when  it  is  once 
assembled,  formic  acid  determinations  may  be  performed 
rapidly,  in  sequence,  about  30  minutes  being  required  for  an 
accurate  determination  on  a  pure  or  purified  sample.  Rates 
of  oxidation,  circulation,  and  absorption  can  be  controlled  at 
will  without  danger  of  admission  of  carbon  dioxide  from  the 
air.  Circulation  may  be  maintained  for  any  desired  period, 
insuring  complete  absorption.  Titration  can  be  accomplished 
without  air  contamination,  and  various  oxidants  may  be 
used  as  desired. 

Various  methods  for  removal  of  interfering  impurities  have 
been  studied  by  other  investigators,  that  of  Fincke  (3)  appear¬ 
ing  most  adaptable  for  the  present  purpose.  The  method  of 
formic  acid  determination  here  presented  is  a  combination  of 
the  desirable  features  of  several  methods,  especially  those 
of  Fincke  (3)  and  Osbum  (8),  used  in  conjunction  with  an 
absorption  apparatus  evolved  from  one  used  by  Partridge 
and  Schroeder  (9)  for  carbon  dioxide  absorption.  It  is  be¬ 
lieved  that  the  proposed  apparatus,  with  slight  modification, 
may  be  applied  to  other  organic  determinations  depending  on 
measurement  of  evolved  carbon  dioxide. 

Description  of  Absorption  Apparatus 

The  proposed  apparatus  (Figure  1)  consists  of  a  200-cc.  Pyrex 
reaction  flask,  A,  with  one  center  and  two  side  outlets.  Above 
the  center  outlet,  T,  are  mounted  two  spiral  condensers,  M  and 
N,  placed  vertically,  in  series,  and  connected  to  the  flask  by  a 
ground-glass  joint.  Through  side  outlet  S  is  inserted  an  air- 
intake  tube  reaching  nearly  to  the  bottom  of  the  flask,  and 
joined  to  a  pump  system  (Figure  2)  as  shown.  The  remaining 
outlet,  0,  is  connected  by  means  of  a  rubber  tube  to  a  three- 
way  stopcock,  C,  permitting  the  addition  of  measurable  amounts 
of  the  oxidizing  solution  through  a  20-cc.  pipet,  which  is  connected 
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as  shown  for  measuring  and  adding  the  oxidizing  solution.  To  a 
side  arm  on  the  upper  end  of  the  pipet  is  attached  a  capillary 
tube,  P,  which  retards  to  about  10  minutes  the  time  necessary 
for  emptying  the  pipet.  To  the  other  end  of  the  capillary  tube 
is  attached  a  U-tube,  H,  containing  sodium  hydroxide  solution. 
This  tube  serves  the  double  purpose  of  removing  all  carbon  di¬ 
oxide  from  the  air  drawn  through  and  of  preventing  the  last 
few  cubic  centimeters  of  the  solution  from  flowing  into  reaction 
flask  A,  thereby  forming  a  liquid  seal  which  prevents  any  car¬ 
bon  dioxide  formed  in  the  reaction  from  rising  into  the  pipet. 
A  cock  at  Y  is  opened  to  permit  rapid  filling  of  the  pipet  . 

Evolved  carbon  dioxide  passes  through  condensers  M  and  N 
and  is  absorbed  in  titration  bottle  B  (Figure  3).  This  is  tightly 
closed  by  means  of  a  three-hole  rubber  stopper,  through  which 
tube  U  brings  the  carbon  dioxide  air  stream  to  the  bottom, 
where  it  bubbles  through  the  alkaline  absorbing  solution.  Tube 
D  allows  addition  of  both  the  barium  hydroxide  and  hydrochloric 
acid  titrating  solutions,  while  W  is  the  exit  through  which  the  gas 
returns  to  the  pump.  A  by-pass,  K,  is  connected  across  U  and 
IF  to  allow  pressure  equalization. 

J\  and  J 2  are  two  air-scrubbing  bottles  containing  30  per  cent 
sodium  hydroxide  solution.  During  the  preliminary  period  re¬ 
quired  for  removing  carbon  dioxide  from  the  system,  carbon  di¬ 
oxide-free  air  in  any  required  amount  can  be  introduced  through 
this  scrubber  and  forced  through  the  system  by  means  of  the 
pump,  the  air  exit  being  at  the  upper  end  of  tube  U,  where  B  is 
disconnected. 

At  G  additional  means  is  provided  for  releasing  pressure  or  for 
admitting  small  amounts  of  air  from  which  carbon  dioxide  has 
been  removed  by  a  scrubbing  system  containing  sodium  hy¬ 
droxide.  A  mercury  manometer  U-tube,  R,  of  rather  small  bore 
and  registering  pressure  changes  up  to  100  mm.,  is  attached  at  F. 

Constant  circulation  of  the  enclosed  air  system  is  accomplished 
by  a  pump  (Figure  2)  consisting  of  an  ordinary  automobile  wind- 
shield-wiper  mechanism  having  a  radial  arm  motion  and  bearing 
at  the  end  of  the  arm  a  mercury  reservoir,  X,  which  is  connected 
by  glass  and  rubber  tubing  to  a  bulb,  L.  Vertical  oscillation  of 
reservoir  X  causes  a  fluctuating  mercury  level  in  L,  forcing  the 
enclosed  gas  in  the  system  to  circulate  through  two  glass  valves, 
Vi  and  Vt,  containing  sufficient  mercury  for  proper  valve  opera¬ 
tion.  This  pump  valve  device  is  similar  to  one  described  by 
Maass  ( 6 ). 

Determination 

Steam-distill  25  cc.  of  crude  pyroligneous  acid  and  5  cc.  of 
sirupy  phosphoric  acid  in  a  500-cc.  Claisen  flask  heated  at  140° 
to  150°  C.  in  a  glycerol  bath.  (A  somewhat  more  accurate 
procedure  is  to  treat  the  original  crude  liquor  with  20  per  cent 
excess  of  N  sodium  hydroxide  solution  in  a  stoppered  flask  at 
room  temperature  for  24  hours,  then  acidify  with  phosphoric 
acid — 5  cc.  in  excess — and  distill  as  directed.)  During  the  2.5 
hours  (approximate)  allowed  for  collecting  the  1  liter  of  dis¬ 
tillate,  maintain  the  volume  of  liquor  in  the  flask  at  about  10  cc. 
For  formic  acid  determinations,  neutralize  300  cc.  of  distillate 
(or  a  suitable  aliquot  containing  from  0.05  to  0.1  gram  of  formic 
acid)  to  phenolphthalein  with  barium  hydroxide  solution  and 
evaporate  to  dryness  on  the  steam  bath.  (The  remainder  of  this 
distillate  is  available  for  determination  of  methanol,  acetic  acid, 
acetone,  and  other  constituents  of  the  crude  liquor.)  Dissolve 
the  residue  in  50  cc.  of  warm  water  and  transfer  to  reaction  flask 
A  (Figure  1).  Add  a  small  piece  of  paraffin  (to  reduce  foaming) 
and  5  cc.  of  N  acetic  acid,  and  dilute  the  contents  of  the  flask 
to  about  100  cc. 

Set  stopcock  Q  so  scrubbers  and  ./2  connect  directly  with 
intake  valve  Vi  of  pump,  and  boil  contents  of  flask  for  10  minutes 
while  passing  carbon  dioxide-free  air  through  the  solution  and 
system  to  remove  dissolved  carbon  dioxide.  Connect  titration 
bottle  B,  which  contains  a  known  quantity  of  standardized  barium 
hydroxide  (approximately  50  cc.),  and  continue  boiling  solution 
in  the  reaction  flask.  (Martin  and  Green,  7,  add  barium  chloride 
to  increase  absorbing  efficiency.) 

Open  three-way  stopcock  C  and  allow  20  cc.  of  the  mercuric 
acetate  oxidizing  solution  (Dissolve  100  grams  of  mercuric 
acetate  in  1  liter  of  0.5  N  acetic  acid  and  boil  1  hour  to  remove 
carbon  dioxide.  Keep  tightly  stoppered.)  to  flow  slowly  into 
flask,  continuing  circulation  for  20  minutes.  Stop  pump  and  ti¬ 
trate  contents  of  bottle  B  with  standard  0.2  N  hydrochloric  acid 
(free  from  carbon  dioxide)  using  phenolphthalein  (Schollen- 
berger,  10,  recommends  thymolphthalein.).  Near  the  end  point 
gently  evacuate  at  W  a  few  times,  to  draw  solution  from  im¬ 
mersed  tubing.  Differences  of  pressure  may  be  equalized  at  K, 
which  should  be  open  when  pump  is  not  operating  and  when 
bottle  B  is  being  connected  or  disconnected,  to  avoid  drawing 
absorbing  solution  up  into  apparatus. 


Calculation  of  Results 

One  cubic  centimeter  of  0.2  -V  barium  hydroxide  is  equiva¬ 
lent  to  0.0046  gram  of  formic  acid. 

2(CH3COO)2Hg  +  HCOOH  = 

C02  +  2CH3COOH  +  2CH3COOHg 

Formic,  acetic,  or  other  volatile  acids  will  carry  over  in 
the  apparatus  to  a  small  extent  causing  absorption  of  alkali. 
The  total  correction  for  such  volatilized  acids  under  the  condi¬ 
tions  set  forth  was  0.04  cc.  of  0.2  N  alkali,  which  is  so  small 
that  it  may  usually  be  disregarded.  A  blank  determination 
will  correct  for  this  and  for  impurity  of  reagents. 

Time  Factor 

During  the  development  of  the  method  it  was  found  neces¬ 
sary  to  ascertain  the  time  required  to  absorb  all  carbon 
dioxide  evolved  in  the  closed  system  during  a  determination. 

After  the  apparatus  had  been  freed  from  carbon  dioxide,  a 
solution  containing  0.263  gram  of  dried  anhydrous  sodium  car¬ 
bonate  dissolved  in  25  cc.  of  carbon  dioxide-free  water  was 
added  to  75  cc.  of  carbon  dioxide-free  distilled  water  in  flask  A 
(Figure  1).  Bottle  B  was  then  connected,  and  an  excess  of 
dilute  sulfuric  acid  (free  from  carbon  dioxide)  was  added  to 
flask  A  through  the  pipet  at  O.  At  intervals  of  5  minutes  the 
pump  was  stopped,  titration  bottle  B  was  changed,  and  its 
contents  were  titrated.  Absorption  occurred  as  follows: 

Cc.  0.2018  N  Alkali  Consumed 
First  5  minutes  17.52 

Second  5  minutes  7.04 

Third  5  minutes  0.02 

Total  24.58  (equivalent  to  0.263  gram  of  sodium 

carbonate) 

A  15-minute  circulation  is  therefore  ample  for  complete 
absorption  of  the  carbon  dioxide  in  the  system,  unless  progress 
of  the  oxidation  is  retarded. 

Effect  of  Certain  Impurities 

Crude  pyroligneous  acid  consists  of  a  mixture  of  water,  tar, 
oil,  formic,  acetic,  and  higher  acids,  acetone,  methanol,  esters, 
ketones,  aldehydes  (especially  formaldehyde,  acetaldehyde, 
and  furfural),  acetals,  phenols,  pyridine,  allyl  alcohol,  etc. 
Homologs  and  condensation  and  interaction  products  of  these 
compounds  are  probably  present,  the  percentages  varying 
with  the  temperature  of  the  destructive  distillation.  The 
acetic  content  is  usually  in  excess  of  the  formic.  In  the  various 
existing  formic  acid  methods  which  depend  on  oxidation  many 
of  these  compounds  may  react,  affecting  the  results  in  several 
ways:  they  may  oxidize,  yielding  carbon  dioxide;  they  may 
be  carried  over  into  the  alkali  and  combine  with  it;  or  their 
presence  may  inhibit  the  liberation  and  oxidation  of  the  for¬ 
mic  acid. 

Experiments  were  individually  conducted  with  a  number  of 
these  compounds  to  determine  their  behavior  under  the 
oxidation  conditions  of  the  method  described  herein.  The 
results,  shown  in  Table  I,  indicate  that  acetone,  methanol, 
ethanol,  glycerol,  and  lactic  acid  yield  no  carbon  dioxide  under 
the  conditions  of  the  method,  while  pyridine,  allyl  alcohol, 
acetaldehjrde,  “soluble”  tar,  “high-boiling” acid,  unsaponifiable 
“chemical  wood  oil,”  oxalic  acid,  and  various  tar  oil  fractions 
and  their  phenols  yield  varying  small  amounts  of  carbon 
dioxide.  Substances  such  as  furfural  and  formaldehyde  ap¬ 
parently  oxidize  slowly  and  yield  carbon  dioxide,  the  degree 
of  oxidation  depending  on  the  time  and  concentration  condi¬ 
tions.  A  previous  saponification  seems  to  be  essential  before 
the  determination  of  the  combined  formic  acid  in  formic 
esters,  as  in  the  case  of  the  lower  boiling  compounds  direct 
determination  is  often  affected  by  unhydrolyzed  ester  passing 
out  of  the  reaction  flask. 
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Table  I.  Oxidation  Behavior  of  Individual  Substances,  under  Limits  of  Proposed  Method 


Substance 


Acetone,  c.  p. 

Glycerol 
Ethanol 
Methanol,  o.  p. 

Oxalic  acid,  c.  p.  (anhydrous) 

Lactic  acid  (analytical) 

Pyridine  (analytical) 

Furfural  (technical  redistilled) 
Acetaldehyde  (redistilled) 

“Soluble”  tar  (from  pecan  sheila) 
“High-boiling  acid”  (Suida  process) 


“Wood  chemical  oil” 

Same  (washed  with  sodium  hydroxide) 

Corncob  “chemical  oil”  (redistilled)  fraction  up  to  136°  C. 
Same,  fraction  136°  to  225°  C. 

Peanut-shell  tar  oil  (caustic-soluble  portion,  phenols) 
Formaldehyde  (technical  formalin) 


Oxidiz¬ 

ing 

Agent 


Length 

of 

(Mer¬ 

curic 

Ace- 

- - Carl 

Theoreti- 

5on  Dioxide 

Present - . 

Per  cent  of 
theoretical 

Amount  of  Sample 

Run 

tate) 

cal 

Found 

found 

Grams 

Cc. 

Min. 

Grams 

Grams 

Grams 

% 

0.1 

20 

2 

0.228 

Trace 

0.8 

20 

2 

1.820 

0 . 00045 

0.02 

1.25 

20 

2 

None 

50.0 

20 

2 

None 

0.08 

20 

2 

0.11 

Trace 

0.80 

20 

2 

1.1 

0.00090 

0.08 

0.0833 

20 

2 

0  0813 

0.000976 

1.20 

0.2 

20 

2 

0  1956 

0 . 00045 

0.23 

6,25 

20 

2 

Trace 

4.95 

10 

2 

13.77 

0.00106 

6  oi 

1.16 

20 

2 

2.66 

0.01355 

0.51 

0.80 

20 

2 

1.60 

0.000452 

0.03  (affects  alkali) 

0.1455 

20 

2 

0.00227 

0.5 

15 

2 

0.0034  (essentially  a  mixture  of  pro¬ 
pionic,  butyric,  and  acetic 
acids  and  lactones) 

5.0 

20 

2 

0.0216 

10.0 

20 

2 

0.0146 

5.0 

20 

2 

0.0213 

5.0 

20 

m 

0.00354 

5.0 

20 

0.00632 

0.1 

30 
+  30® 

+  30“ 

4-  30“ 

+  30“ 

5 

0.1465 

0.00286 

0.00183 

0,00241 

0.00263 

0.00263 

1.95 

Total 

150 

0.01236 

8.44 

Sample  2 

0.06 

30 

2 

0.088 

0.00071 

0.80 

+  30“ 

0.00217 

Total 

60 

0.00288 

3.27 

Sample  3 

1.0 

20 

2 

1.465 

0.01845 

1.26 

Allyl  alcohol  (Eastman  Kodak  Co.) 

4.27 

90 

2 

9.71 

0.013 

0.13 

+  20“ 

0.00195 

Total 

110 

0.01495 

0.15 

Sample  2 

4.27 

10 

2 

9.71 

0.001855 

0.19 

+  15“ 

0 . 0063 

+  15“ 

0.0042 

+  15“ 

0.00177 

Total 

55 

0.014125 

1.46 

Sample  3 

0.854 

20 

2 

1.943 

0.0108 

0.56 

Ethyl  formate  (basis  100%  ester) 

0.1306 

30 

2 

0.0777i> 

0.0772 

99.4 

0.1306 

30 

2 

0.07776 

0 . 0777 

100.0 

0.1306 

30 

2 

0.07776 

0 . 0780 

100.4 

“  Additional  time  periods  on  same  experiment. 


6  Equivalent  to  carboxyl  present.  Saponified  before  determination. 


The  removal  of  soluble  and  insoluble  tar  from  the  crude 
liquor  by  a  preliminary  distillation  before  estimation  of  formic 
acid,  etc.,  seems  to  be  necessary  (as  shown  in  Table  I),  since 
the  presence  of  tar  also  seems  to  affect  the  analytical  procedure. 
Tests  were  therefore  made  to  determine  the  quantity  of 
distillate  needed  to  effect  total  recovery  of  all  the  acids  present 
in  the  crude,  using  the  described  procedure  but  analyzing  suc¬ 
cessive  250-cc.  portions  of  distillate.  The  average  distribution 
of  formic  and  total  acid  in  the  distillate  was  found  to  be  as 


follows : 


1st  250  cc.  of  distillate 
2nd  250  cc.  of  distillate 
3rd  250  cc.  of  distillate 
4th  250  cc.  of  distillate 


Total  Acid 

Formic  Acid 

% 

% 

92.87 

95.87 

4.44 

3.29 

1.87 

0.84 

0.82 

Not  analyzed 

100.00 

100.00 

Because  the  results  given  in  Table  I  indicated  the  necessity 
of  removing  certain  interfering  volatile  constituents  from  this 
distillate  before  determining  formic  acid,  experiments  were 
undertaken  to  devise  a  convenient  and  efficient  means  for 
such  removal  (prepurification)  without  affecting  the  formic 
acid  present.  It  was  found  that  all  the  volatile  interfering 
substances  could  be  removed  by  neutralizing  the  acid  mixture 
with  barium  hydroxide  and  evaporating  to  dryness  on  a  steam 
bath.  Since  the  barium  salt  of  formic  acid  is  stable  at  tem¬ 
peratures  well  above  100°  C.  (4),  none  is  lost  in  this  procedure, 
but  more  than  a  slight  excess  of  barium  hydroxide  must  be 
avoided.  Results  of  tests  with  this  prepurification  treatment 
are  given  in  Table  II. 


Discussion  of  Results 

Table  II  shows  the  accuracy  of  the  proposed  method,  as 
applied  to  pure  formic  acid  solutions  and  to  formic  acid  solu¬ 
tions  containing  interfering  impurities,  when  determined  with 
and  without  preliminary  steam  distillation  and  barium  hy¬ 
droxide  pretreatment.  For  pure  formic  acid  solutions,  the 
direct  determination  gave  an  average  experimental  error  of 
—0.24  per  cent,  the  barium  hydroxide  treatment,  when  used, 
apparently  not  affecting  these  results.  A  combination  of 
steam  distillation  and  subsequent  barium  hydroxide  treat¬ 
ment  showed  a  +0.99  per  cent  error.  The  results  secured 
on  pure  formic  acid  by  substituting  mercuric  oxide  for  mer¬ 
curic  acetate  were  of  similar  accuracy.  The  results  on  sodium 
formate  when  determined  alone  showed  a  slightly  greater 
error  than  when  sodium  acetate  was  added. 

Experimentation  with  a  test  solution  (solution  A)  contain¬ 
ing  known  quantities  of  formic  acid,  acetic  acid,  formalde¬ 
hyde,  acetaldehyde,  furfural,  and  allyl  alcohol,  the  mixture 
representing  a  concentration  of  volatile  interfering  compo¬ 
nents  normally  present  in  the  distillate  from  a  crude  pyrolig¬ 
neous  acid,  gave  results  3.17  per  cent  too  high  on  direct 
determination  of  formic  acid  without  steam  distillation  or 
pretreatment.  When  this  mixture  was  subjected  to  the  pre¬ 
liminary  barium  hydroxide  treatment  to  remove  volatile  in¬ 
terfering  substances,  this  excess  value  was  reduced  to  +0.79 
per  cent.  Experiments  to  show  the  extent  of  removal  of 
interfering  substances  by  steam  distillation  and  by  barium 
hydroxide  treatment  (combined  or  separate),  when  applied 
to  a  sample  of  crude  pyroligneous  acid  (solutions  B  and  C), 
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indicated  that  with  no  pretreatment  the  results  were  26  per 
cent  higher  than  the  actual  formic  acid  percentage  shown 
after  the  combined  purification  treatments.  Barium  hydrox¬ 
ide  treatment  alone,  when  applied  to  the  same  liquor,  reduced 
the  high  value  slightly,  while  subsequent  steam  distillation 
reduced  this  further  to  13.1  per  cent.  Barium  hydroxide 
pretreatment  when  applied  subsequent  to  a  steam  distillation 
gave  a  value  which  is  assumed  to  be  the  actual  percentage  of 
formic  acid  present. 

Since  the  exact  amount  of  formic  acid  actually  present  in 
a  crude  pyroligneous  acid  cannot  be  definitely  established  di¬ 
rectly,  the  removal  of  formic  acid  from  such  crudes  was 
studied  by  the  expedient  of  adding  formic  acid  to  a  crude 
liquor  of  low  known  formic  content  in  known  amounts  and 
determining  the  recovery  of  this  added  acid,  the  amount  not 
recovered  being  determined  by  difference.  As  shown  in  Table 
II,  the  percentage  of  formic  acid  not  recovered  by  this  pro¬ 
cedure  (per  cent  error)  was  less  (2.3  per  cent)  when  a  saponi¬ 
fication  procedure  was  used  than  with  the  regular  steam  distil¬ 
lation  only  (3.4  per  cent).  Saponification  of  the  crude  liquor 
increased  the  amount  of  determined  formic  acid  by  about  20 
per  cent,  indicating  the  presence  of  a  significant  quantity  of 
formic  esters. 

Fincke  (S)  found  that  the  recovery  of  formic  acid  by  steam 
distillation,  from  mixtures  other  than  pyroligneous  acid,  was 
not  over  95  per  cent  even  with  prolonged  distillation.  Quan¬ 
titative  recovery  of  formic  acid  by  the  steam  distillation  of 
pure  formic  acid  solutions  is  shown  in  Table  II.  It  is  probable 
that  the  recovery  of  formic  acid  from  various  complex  mix¬ 
tures  will  vary  according  to  the  physical  and  chemical  prop¬ 
erties  of  each  mixture. 

Removal  of  Formaldehyde.  Special  attention  was  also 
given  to  the  behavior  of  formaldehyde  under  the  conditions 
of  the  proposed  method.  Since  part  of  the  formaldehyde 
vaporizes,  and  since  the  nonvaporized  portion  apparently 
oxidizes  slowly  to  formic  acid  and  subsequently  to  carbon 
dioxide  under  distillation,  there  are  only  two  alternatives, 
either  to  oxidize  it  completely  to  carbon  dioxide  in  the 
original  liquid,  or  to  destroy  or  remove  it  before  making  the 
determination,  the  recommended  prepurification  methods 
(distillation  from  tar  and  evaporation  with  barium  hydroxide) 
apparently  being  satisfactory.  A  preliminary  oxidation  of 
the  formaldehyde,  by  Fehling’s  solution,  was  tried.  This 
reagent  oxidized  the  formaldehyde  to  formic  acid,  but  appar¬ 
ently  did  not  oxidize  the  formic  acid  further  to  carbon  dioxide. 
However,  on  subsequent  oxidation  with  mercuric  acetate, 
a  portion  of  the  excess  Fehling’s  solution  was  oxidized  to 
carbon  dioxide,  giving  yields  in  excess  of  the  theoretical. 
During  the  oxidation  of  the  formaldehyde  by  the  Fehling’s 
solution  no  carbon  dioxide  was  formed,  although  appreciable 
amounts  of  cuprous  oxide  were  deposited.  It  may  therefore  be 
possible  to  determine  the  percentages  of  formaldehyde  and 
formic  acid  in  a  mixture  by  selective  oxidation. 

Summary 

A  method  is  presented  for  the  convenient  determination  of 
formic  acid  in  pyroligneous  acid,  based  upon  the  removal  of 
certain  volatile  and  nonvolatile  interfering  substances,  fol¬ 
lowed  by  the  oxidation  of  the  formic  acid  to  carbon  dioxide 
in  a  closed  system  using  mercuric  acetate  as  oxidizing  agent. 
The  evolved  carbon  dioxide  is  absorbed  by  circulation  of  the 
enclosed  air  stream  through  standard  barium  hydroxide  in  a 
special  apparatus,  and  the  amount  of  formic  acid  (equivalent 
to  the  carbon  dioxide  absorbed)  is  calculated  from  titration 
data.  This  method  determines  small  amounts  of  formic  acid 
in  pyroligneous  liquors  with  an  accuracy  of  about  97.0  per 
cent.  Greater  accuracy  (over  99.5  per  cent)  is  attained  on 
pure  formic  acid  solutions. 

Mercuric  acetate  has  been  found  to  possess  certain  advan- 


Table  II.  Results  of  Prepurification  Treatment 


Barium 

Hydroxide 

Formic 

Formic 

Purifica¬ 

Acid 

Acid 

tion 

Material  Analyzed 

Present 

Found  a 

Error 

Treatment 

Gram, 

Gram 

% 

Formic  acid  (pure) 

0.0617 

0.0616 

-  0.16 

No 

0.0617 

0.0615 

-  0.32 

No 

0.0755 

0.0756 

+  0.13 

Yes 

0.0755 

0.0751 

-  0.53 

Yes 

0 . 08 14  ( 5) 

0.0821 

+  0.99 

Yes 

0.0814(i>) 

0.0821. 

+  0.99 

Yes 

Formic  acid  (c)  (mercuric 

Nh 

oxide  substituted  for 

0.0656 

0.0653 

-  0.46 

mercuric  acetate) 

0.0656 

0.0656 

0.0 

No 

Sodium  formate,  0.1375 
gram,  equivalent  to 
Sodium  formate,  0.1375 

0.0930 

0 . 0940 

+  1.07 

No 

gram  plus  6  grams  of 
sodium  acetate,  equiva¬ 
lent  to: 

0.0930 

0.0930 

0.0 

No 

25  cc.  of  solution  A(4) 

0.0378 

0.0390 

+  3.17 

No 

0.0378 

0.0381 

+  0.79 

Yes 

0.0378 

0.0374 

-  1.06 

Yes 

Solution  B(') 

0.5280 

26.0  (/) 

No 

0.5200 

24.1  (/) 

Yes 

Solution  C(o) 

0.4740 

13 . 1  (/) 

No 

Solution  C(t>) 

0.4190 

0.0 

Yes 

Solution  D(A) 

0 . 0833 

Yes 

Solution  D(A)  (0.4968 

0.0855 

Yes 

gram  of  formic  acid 

0.570 

-  3.4 

Yes 

added) 

0.553 

(average) 

Yes 

Solution  D  (h) 

0.0997 

Yes 

(saponified) 

0.1025 

Yes 

Solution  D  ( h )  (saponified 

and  0.4968  gram  of 

0.5822 

Yes 

formic  acid  added) 

0.5858 

-  2.3 

Yes 

(average) 


(°)  Calculated  from  carbon  dioxide  produced. 

(&)  Steam-distilled. 

(c)  Five  grams  of  mercuric  oxide  used  as  oxidizing  agent.  The  mercuric 
oxide  was  first  added,  carbon  dioxide  removed  from  the  system,  and  the 
sample  of  formic  acid,  dissolved  in  carbon  dioxide— free  water,  then  added. 

(d)  Solution  A  consists  of  formic  acid,  0.756  gram;  acbtic  acid,  0.74; 
allyl  alcohol,  0.18;  furfural,  0.19;  formaldehyde,  0.18;  acetaldehyde,  0.18 
in  500  cc. 

(e)  Solution  B  consists  of  a  100-cc.  sample  of  original  crude  pyroligneous 
acid  (undistilled). 

(/)  These  values  are  calculated  on  the  assumption  that  0.4190  is  the 
correct  formic  acid  content, 

(a)  Solution  C  consists  of  distilled  pyroligneous  acid  (total  distillate  from 
100  cc.  of  same  crude  liquor  as  solution  B). 

(* *)  Solution  D  represents  the  formic  acid  found  in  the  first  750  cc.  of  steam 
distillate  from  25  cc.  of  crude  pyroligneous  acid  (crude  liquor  from  sample  B). 
Saponification  and  addition  of  formic  acid,  where  indicated,  preceded  steam 
distillation. 


tages  over  mercuric  oxide  as  an  oxidizing  agent,  especially  in 
the  presence  of  dissolved  carbon  dioxide,  because  of  its  solu¬ 
bility  in  water. 

The  effect  of  interfering  impurities  on  the  method  is  shown. 
Impurities  may  for  the  most  part  be  easily  removed  from 
distilled  pyroligneous  acid  by  neutralizing  with  barium 
hydroxide  solution,  followed  by  evaporation  of  the  sample  to 
dryness  on  a  steam  bath. 

Preliminary  saponification  of  crude  pyroligneous  liquors 
increased  the  formic  acid  percentages  found,  when  formic 
esters  were  present. 

A  distillation  procedure  is  described  for  removing  volatile 
acids  from  crude  pyroligneous  acid. 
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BECAUSE  of  the  increased  use  of  ti¬ 
tanium  pigments,  a  rapid  and  accu¬ 
rate  method  for  its  quantitative  estimation 
has  become  of  considerable  industrial  im¬ 
portance.  Gravimetric  separations  involv¬ 
ing  titanium  are  generally  long  and  tedi¬ 
ous  because  of  the  interference  of  many 
other  common  metals. 

The  general  commercial  method  now  in 
use  involves  the  reduction  of  the  titanium 
by  means  of  a  Jones  reductor  and  subse¬ 
quent  titration  with  an  oxidizing  agent. 
However,  because  of  the  extreme  suscep¬ 
tibility  of  the  titanous  ion  to  oxidation, 
the  complete  reduction  and  protection  of 
the  reduced  titanium  by  this  method  re¬ 
quires  over-large  apparatus,  a  long  period 
of  time  for  the  reduction,  and  a  device  for 
the  protection  of  the  reduced  solution  with 
carbon  dioxide. 

The  method  herein  described  gives 
quantitative  results  within  30  minutes  and 
requires  apparatus  easily  constructed  from 
available  laboratory  glassware.  Its  use  results  in  a  saving 
of  at  least  one-half  of  the  normal  time  necessary  for  tita¬ 
nium  determination  by  any  of  the  standard  methods  now  in 
use.  It  has  been  tested  against  samples  of  wide  range  of 
titanium  content. 

Discussion 

Nakazono  (I)  developed  an  apparatus  for  the  reduction  of 
various  ions  using  liquid  zinc  amalgam  as  a  reducing  agent. 
The  use  of  a  liquid  amalgam  has  the  advantage  of  exposing 
a  greater  area  of  zinc  than  could  be  obtained  by  a  Jones 
reductor  and  therefore  gave  complete  reduction  in  a  much 
shorter  time.  The  disadvantage  of  the  Japanese  method, 
however,  was  in  the  use  of  special  apparatus  which  was  not 
readily  available.  The  authors  have  modified  their  apparatus 
so  that  it  may  be  easily  constructed  from  common  laboratory 
glassware  (illustrated) . 

The  apparatus  consisted  of  a  250-cc.  globular  separatory 
funnel,  closed  with  a  rubber  stopper,  C,  carrying  a  piece  of 
0.63-cm.  (0.25-inch)  glass  tubing,  B,  5  cm.  (2  inches)  long  which 
was  stoppered  by  a  small  cork,  .4.  The  outlet  tube  of  the  funnel 
was  connected  to  a  20-  to  30-cc.  glass  tube,  D,  by  means  of  a 
length  of  rubber  tubing,  E,  which  was  closed  by  means  of  a 
pinchcock,  F.  Tube  D  was  an  old  25-cc.  volumetric  flask,  but 
any  small  bulb  may  be  used  in  its  place. 

After  a  number  of  experiments  using  both  potassium  per¬ 
manganate  and  ferric  ammonium  sulfate  as  oxidizing  agents 
for  the  titanous  ion,  it  was  found  that  ferric  ammonium  sulfate 
gave  much  superior  results,  probably  because  of  the  elimina¬ 
tion  of  any  iron  interference.  In  general  the  method  con¬ 
sisted  of  the  reduction  of  the  titanium  to  the  trivalent  state 
by  use  of  liquid  zinc  amalgam  and  its  titration  with  ferric 
ammonium  sulfate  using  potassium  thiocyanate  as  an  indi¬ 
cator.  The  end  point  was  the  appearance  of  the  usual  wine- 
colored  ferric  thiocyanate  complex. 


Reagents 

0.1  N  potassium  permanganate. 

Cooled,  freshly  boiled,  distilled  water  containing  1  per  cent  of 
sulfuric  acid. 

Ferric  ammonium  sulfate  solution  (approximately  0.7  N ). 

Liquid  zinc  amalgam. 

Tablets  of  sodium  bicarbonate  (approximately  5-grain) 
purchased  at  any  drug  store. 

Potassium  thiocyanate  (saturated  solution). 

Procedure 

The  ferric  ammonium  sulfate  reagent  is  prepared  by  dis¬ 
solving  30  grams  of  the  salt  in  300  cc.  of  distilled  water 
acidified  with  10  cc.  of  sulfuric  acid.  Potassium  permanga¬ 
nate  solution  is  added  drop  by  drop,  as  long  as  the  pink  color 
disappears,  and  the  solution  is  then  diluted  to  1  liter.  This 
solution  is  standardized,  after  reduction  with  zinc  amalgam 
in  the  special  reductor,  by  titration  with  standard  potassium 
permanganate. 

The  zinc  amalgam  ( 1 )  is  prepared  as  follows: 

Fifteen  grams  of  fine-mesh  zinc  well  washed  with  dilute  sulfuric 
acid  are  heated  for  1  hour  on  a  water  bath  with  300  grams  of 
mercury  plus  5  cc.  of  dilute  sulfuric  acid  (1  to  4).  After  cooling, 
the  amalgam  is  washed  several  times  with  dilute  sulfuric  acid. 
The  liquid  portion  is  separated  from  the  solid  by  means  of  a 
separatory  funnel.  The  solid  is  discarded.  The  liquid  amalgam 
is  preserved  under  dilute  sulfuric  acid. 

For  the  determination  of  titanium  a  sample  equivalent  to 
approximately  0.1  to  0.2  gram  of  titanium  dioxide  is  digested 
with  20  cc.  of  concentrated  sulfuric  acid  and  15  grams  of  powdered 
ammonium  sulfate  until  it  is  entirely  dissolved.  Bulb  D  and  the 
rubber  tubing  up  through  the  stopcock  are  filled  with  the  boiled 
water  and  both  stopcocks  are  closed.  Fifteen  cubic  centimeters 
of  the  zinc  amalgam  are  added  and  the  cooled  sample  is  trans¬ 
ferred  to  the  funnel,  using  about  75  cc.  of  the  distilled  water. 
Two  tablets  of  the  sodium  bicarbonate  are  now  added  and 
stopper  C  is  inserted  with  cork  .4  removed.  When  effervescence 
has  ceased,  two  more  tablets,  broken  into  small  pieces,  are  dropped 
through  tube  B.  When  the  gas  evolution  is  completed,  cork  A 
is  immediately  replaced  and  the  entire  apparatus  vigorously 
shaken  for  5  minutes. 

The  two  stopcocks  are  now  opened  and  the  amalgam  is  al¬ 
lowed  to  flow  into  D.  This  displacement  is  best  accomplished  by 
alternately  squeezing  and  releasing  tube  E  with  the  fingers.  As 
soon  as  the  last  particle  of  amalgam  has  dropped  from  the  funnel, 
both  stopcocks  are  closed  and  bulb  D  is  removed  for  convenience 
while  titrating.  Stopper  .4  is  removed  and  5  cc.  of  the  potassium 
thiocyanate  solution  are  added  by  means  of  a  pipet  through  B. 
Stopper  C  is  removed  and  both  tube  and  stopper  are  washed 
into  the  funnel  with  distilled  water.  The  solution  is  titrated  in 
the  funnel  with  the  ferric  ammonium  sulfate.  It  is  important 
that  the  ferric  ammonium  sulfate  be  added  very  rapidly  until 
the  first  appearance  of  a  wine-red  color.  The  upper  stopcock 
is  now  opened  and  tube  E  squeezed  several  times  to  force  its 
liquid  into  the  funnel.  This  will  cause  the  wine  color  to  disap¬ 
pear.  The  titration  is  completed  by  adding  the  ferric  am¬ 
monium  sulfate  drop  by  drop  to  the  end  point. 

Calcium  sulfate,  which  is  present  in  some  commercial 
titanium  pigments,  does  not  interfere  with  the  reduction 
because  its  precipitation  is  prevented  by  the  high  concentra¬ 
tion  of  sulfuric  acid.  Barium  sulfate  should  be  removed  by 
filtration  before  the  reduction  of  the  titanium. 

Results 

The  pure  titanium  dioxide  used  in  samples  1  and  2  was  pre¬ 
pared  in  the  laboratory  of  the  Titanium  Pigment  Co.,  Inc., 
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Table 

I.  Results 

of  Analyses 

Weight  of 

Titanium®  Di¬ 

Titanium  Di¬ 

Sample 

Sample 

oxide  Present 

oxide  Found 

Error 

Gram 

Gram 

Gram 

Gram 

1 

0 . 2000 

0 . 2000 

0 . 2006 

+0.0006 

2 

0 . 2000 

0 . 2000 

0.2000 

0 . 0000 

3 

0.2500 

0.2470 

0  2463 

-0.0007 

4 

0.2500 

0 . 2470 

0.2470 

0 . 0000 

5 

0 . 5000 

0.1468 

0  1459 

-0 . 0009 

6 

0 . 5000 

0.1468 

0.1470 

+  0.0002 

7 

0.5000 

0.1459 

0.1448 

-0.0011 

8 

0 . 5000 

0. 1459 

0.1452 

-0.0007 

9 

0 . 5000 

0.1459 

0.1458 

-0.0001 

a  Analyses  by  the  Titanium  Pigment  Co.,  Inc. 


by  the  method  of  Plechner  and  Jarmus  (2).  Samples  3  and 
4  were  Titanox  A,  a  technical  titanium  dioxide  pigment. 
Samples  5  to  9,  inclusive,  were  Titanox  C,  which  contains  a 
large  percentage  of  calcium  sulfate.  All  the  commercial 


samples  were  analyzed  in  the  aforementioned  laboratories 
and  the  results  were  forwarded  to  the  authors. 
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Determination  of  Organic  Sulfur  by  the 
Liquid  Ammonia— Sodium  Method 

F.  J.  SOWA,  V.  G.  ARCADI,  AND  J.  A.  NIEUWLAND,  University  of  Notre  Dame,  Notre  Dame,  Ind. 


CHABLAY  ( 1 )  and  later  Vaughn  and  Nieuwland  (3) 
showed  that  halogens  were  quantitatively  removed  as 
sodium  halide  from  all  types  of  organic  compounds  by  the 
action  of  sodium  in  liquid  ammonia.  This  reaction  proved 
to  be  the  basis  of  an  excellent  method  for  the  quantitative 
determination  of  organic  halogen. 

The  observation  that  certain  organic  sulfur  compounds 
were  decomposed  by  the  action  of  sodium  in  liquid  ammonia, 
led  to  the  belief  that  sulfur  in  organic  compounds  might  be 
reduced  to  sodium  sulfide  or  sulfite  by  this  method  of  treat¬ 
ment.  If  so,  the  resulting  inorganic  sulfur  could  be  oxidized 
to  sodium  sulfate  with  the  subsequent  determination  of  sulfur 
by  precipitation  as  barium  sulfate.  Such  proved  to  be  the 
case. 

Kraus  and  White  (2)  studied  the  action  of  sodium  in  liquid 
ammonia  on  phenyl  mustard  oil,  sodium  benzene  sulfonate, 
thiophenol,  and  diphenyl  sulfide,  and  reported  positive  quali¬ 
tative  tests  for  sodium  sulfite  as  a  decomposition  product  of 
sodium  benzene  sulfonate.  They  also  reported  the  formation 
of  sodium  sulfide  in  the  decomposition  of  phenyl  mustard  oil 
and  diphenyl  sulfide.  Williams  and  Gebauer-Fulnegg  (4), 
however,  have  since  shown  that  no  sodium  sulfide  is  formed 
iu  the  case  of  organic  sulfides,  disulfides,  and  mercaptans. 

Inasmuch  as  the  success  of  this  method  depends  upon  the 
formation  of  sodium  sulfide  or  sulfite,  it  is  apparent  that  not 
all  types  of  sulfur  compounds  can  be  analyzed  by  this  method. 
Diphenyl  sulfide  and  related  compounds  might,  however,  be 
analyzed  by  this  method  if  they  are  first  oxidized  to  sulfones, 
sulfoxides,  etc. 

Procedure 

One-tenth  gram  of  the  material  to  be  analyzed  is  placed  in  a 
250-ml.  beaker  and  approximately  175  ml.  of  liquid  ammonia  are 
added.  If  solution  does  not  take  place  upon  stirring,  ether, 
monobutylamine,  or  other  organic  solvent  inert  towards  sodium 
in  liquid  ammonia  is  slowly  added  until  the  sample  is  dissolved. 
Small  pieces  of  freshly  cut  sodium  are  now  added  until  a  persistent 
blue  solution  of  uniform  depth  is  obtained.  When  the  reaction  is 
complete,  the  covered  beaker  is  placed  in  a  water  bath  at  room 
temperature  and  the  solution  allowed  to  evaporate  to  approxi¬ 
mately  25  ml.  At  this  point  3  to  5  grams  of  ammonium  chloride 
dissolved  in  a  few  milliliters  of  liquid  ammonia  are  added  to 


destroy  the  excess  sodium  not  utilized  in  the  reaction.  Evapora¬ 
tion  is  then  continued  to  dryness. 

The  solids  are  dissolved  in  75  ml.  of  hot  water  and  2  grams  of 
sodium  peroxide  are  added  with  stirring.  The  solution  is  heated 
to  boiling,  acidified  with  dilute  hydrochloric  acid,  and  heated 
vigorously  for  a  few  minutes  to  expel  all  traces  of  carbon  dioxide 
and  oxygen.  A  5  per  cent  solution  of  barium  chloride  is  then 
slowly  added  dropwise  with  constant  stirring  until  the  sulfate 
is  completely  precipitated.  The  precipitate  is  digested  on  a  steam 
bath,  filtered,  washed,  ignited,  and  weighed  in  the  conventional 
manner. 

The  beaker  containing  the  sample  should  be  cooled  by  placing 
in  a  shallow  dish  containing  about  0.5  cm.  of  liquid  ammonia 
before  the  solvent  ammonia  is  added.  This  avoids  the  violent 
spattering  caused  by  the  rapid  vaporization  of  the  ammonia  on 
contact  with  the  bottom  of  the  beaker. 

It  has  been  found  convenient  at  times  to  use  a  concentrated 
solution  of  sodium  in  liquid  ammonia  rather  than  finely  cut  pieces 
of  metal.  This  modification  is  particularly  useful  when  a  large 
number  of  decompositions  are  being  carried  on  at  a  single  opera¬ 
tion. 

The  use  of  organic  solvents  reduces  the  time  of  reaction  and 
minimizes  the  possibility  of  error  through  incomplete  de¬ 
composition. 

Low  results  in  analyses  of  compounds  only  slightly  soluble 
in  liquid  ammonia  or  other  solvents  are  partially  remedied  by 
the  use  of  small  samples  and  an  excess  of  solvent.  For  example, 
by  doubling  the  amount  of  solvent  and  reducing  the  size  of 
the  sample  by  one-half,  the  percentage  of  error  in  the  deter¬ 
mination  of  sulfur  in  thiourea  was  reduced  from  1.3  to  0.26. 

Results  of  analyses  of  sulfur  compounds  are  given  in  Table  I. 
All  percentages  are  the  average  of  at  least  two  determinations. 


Table  I.  Analyses  of  Sulfur  Compounds 

Sulfur 

Sulfur 

Compound 

Calculated 

Found 

Difference 

% 

% 

Thiourea 

42.12 

42.01 

0.11 

Benzoyl  sulfimide 

17.48 

17 . 35 

0.13 

Acetone  diethyl  sulfone 

28.09 

27 . 89 

0.20 

Dinitrophenylthioeyanate 

14.24 

13.49 

0.75 

Diphenyl  sulfone 

14.68 

14.13 

0 . 55 

Benzenesulfonamide 

20.41 

20.51 

0.10 

Benzenesulfonyl  chloride 

18.16 

18.07 

0.09 

n-Propyl-p-toluenesulfonate 

14.97 

14.83 

0.14 

p-Toluenesulfonic  acid 

16.86 

16.45 

0.41 

2-Naphthvlamine-5,7-disulfonic  acid 

16.81 

16.27 

0.54 
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Table  II.  Agreement  of  Analyses 


Compound 

Sample  I 

Sample  II 

Thiourea 

41.96 

42.05 

Acetone  diethyl  sulfone 

26.84 

27.35 

Dinitrophenylthiocyanate 

13.48 

13.50 

Benzoyl  sulfimide 

17.31 

17.39 

Benzenesulfonamide 

20.45 

20.56 

n-Propyl-p-toluenesulf  onate 

14.87 

14.79 

The  agreement  between  duplicate  analyses  of  the  same 
sample  of  various  sulfur  compounds  is  shown  in  Table  II. 

Summary 

A  method  has  been  outlined  by  which  a  large  number  of 
organic  sulfur  determinations  can  be  carried  on  simultaneously 
and  without  the  aid  of  special  apparatus. 


In  those  compounds  which  are  soluble  in  liquid  ammonia 
and  do  not  form  intermediate  products  which  cannot  be  re¬ 
duced  to  inorganic  compounds,  sulfur  can  be  determined  more 
quickly  and  just  as  accurately  by  this  method  as  by  the  pres¬ 
ent  lengthy  bomb  or  fusion  method. 

Literature  Cited 

(1)  Chablay,  Ann.  chim.,  (9)  1,  510  (1914). 

(2)  Kraus  and  White,  J.  Am.  Chem.  Soc.,  45,  775  (1923). 

(3)  Vaughn  and  Nieuwland,  Ind.  Eng.  Chem.,  Anal.  Ed.,  3,  274 

(1931). 

(4)  Williams  and  Gebauer-Fulnegg,  .7.  Am.  Chem.  Soc.,  53,  352  (1931). 
Received  July  10,  1935. 


A  Source  of  Loss  of  Ammonia  in  Kjeldahl 

Distillations 

Method  of  Eliminating  This  Loss 


HOKE  S.  MILLER,  Columbia  University,  New  York,  N.  Y. 


IN  THE  Kjeldahl  distillation  process,  the  first  portions  of 
ammonia  liberated  are  so  diluted  with  air  as  to  escape 
complete  absorption  in  the  standard  acid.  This  loss,  gener¬ 
ally  overlooked,  is  appreciable  and  may  easily  be  reduced  by 
the  use  of  a  proper  delivery  tube.  The  purpose  of  this  paper 
is  to  show  the  magnitude  of  the  error  and  how  to  reduce  it. 

Moose  (I)  obviated  the  loss  in  the  determination  of  am¬ 
monia  in  ammonium  salts  by  suspending  the  salt  in  a  small 
vial  in  the  neck  of  a  Kjeldahl  flask  and  releasing  the  salt  into 
the  alkaline  solution,  after  the  solution  started  to  boil. 
Though  the  accuracy  of  his  results  was  one  part  per  thousand, 
this  procedure  is  not  applicable  to  the  usual  Kjeldahl  process. 

The  usual  method  of  distillation  is  to  make  the  sulfuric 
acid  solution  alkaline  with  a  cold  saturated  solution  of  so¬ 
dium  hydroxide,  pouring  it  carefully  down  the  side  of  the 
flask  so  that  it  does  not  mix  immediately  with  the  acid  solu¬ 
tion,  adding  a  few  pieces  of  granulated  zinc,  pumice  stone,  or 
glass  beads  to  prevent  bumping.  The  distilling  flask  is  then 
connected  to  a  Hopkins  distilling  head  which  is  in  turn 
joined  to  a  condenser,  to  which  is  attached  a  delivery  tube 
dipping  into  standard  sulfuric  acid.  The  distillation  is 
carried  out  slowly  at  first,  the  total  time  being  about  1  hour. 

In  order  to  determine  the  loss  of  ammonia  resulting  from 
the  usual  method  of  distillation,  a  known  solution  of  am¬ 
monium  chloride  was  used. 

Twenty-five  cubic  centimeters  of  an  ammonium  chloride 
solution  equal  to  42.55  mg.  of  ammonia  (35.00  mg.  of  nitrogen) 
were  pipetted  into  an  800-cc.  Kjeldahl  flask  to  which  had  been 
added  some  glass  beads  to  prevent  bumping  upon  subsequent 
distillation.  Two  hundred  cubic  centimeters  of  distilled  water 
were  added.  Five  cubic  centimeters  of  a  cold  41  per  cent  sodium 
hydroxide  solution  were  carefully  poured  down  the  side  of  the 
flask,  after  which  the  flask  was  immediately  attached  to  a 
Hopkins  distilling  head  which  by  means  of  rubber  tubing  had 
been  connected  to  a  block-tin  condenser.  There  was  joined  to 
the  outlet  of  the  condenser  a  delivery  tube  (a  calcium  chloride- 
type  tube)  which  dipped  under  the  surface  of  50  ce.  of  standard 
sulfuric  acid,  contained  in  a  400-cc.  beaker,  into  which  the 
ammonia  was  distilled. 

The  distillation  was  carried  out  very  slowly  for  the  first  30 
minutes,  during  which  time  about  15  cc.  of  distillate  were  ob¬ 
tained.  The  total  time  of  distillation  was  1.25  hours,  at  the 
end  of  which  175  cc.  of  solution  had  distilled  over.  The  results 


obtained  from  forty-seven  25-cc.  samples  of  the  ammonium 
chloride  solution  are  given  in  Table  I,  and  show  a  loss  of  1.26 
per  cent  of  the  total  nitrogen,  with  a  deviation  from  the  ex¬ 
perimental  average  of  ±1.24  per  cent. 

Table  I.  Nitrogen  Loss  in  Usual  Method 


Theoretical 

Nitrogen 

No.  of 

Deviation  from 

Nitrogen 

Found 

Determinations 

Average 

Mg. 

Mg. 

Mg.  - 

35.00 

34.35 

11 

±0.26 

34.58 

11 

±0.27 

34.83 

3 

±0.10 

34.37 

11 

±0.62 

34.85 

11 

±0.18 

Av.  34.56  ±  0.43 


In  order  to  show  that  this  loss  of  nitrogen  is  due  to  the  in¬ 
complete  absorption  of  ammonia,  at  the  beginning  of  the  dis¬ 
tillation,  the  5  cc.  of  sodium  hydroxide  were  suspended  in  the 
neck  of  the  Kjeldahl  flask  by  means  of  a  small  glass  Anal  hung 
to  a  bent  glass  rod  which  led  through  the  stopper  of  the  Kjel¬ 
dahl  flask  to  the  outside.  After  the  ammonium  chloride  solu¬ 
tion  had  been  boiled  to  expulsion  of  the  air,  the  vial  of  sodium 
hydroxide  was  released  into  the  ammonium  chloride  solution. 
The  distillation  from  this  point  onward  was  identical  to  that 
described  for  the  determinations  given  in  Table  I.  The  aver¬ 
age  amount  of  nitrogen  obtained  from  nine  determinations 
was  found  to  be  35.01  ±  0.01  mg.  The  average  of  these  nine 
determinations  is  0.03  per  cent  higher  than  the  theoretical; 
the  average  deviation  is  ±0.03  per  cent,  which  may  be  con¬ 
sidered  as  negligible. 

Obviously  this  method  of  distilling  off  the  ammonia  cannot 
be  applied  to  the  sulfuric  acid  Kjeldahl  solutions.  As  an  al¬ 
ternative,  it  was  thought  that  if  the  air  bubbles  were  broken 
up  by  passing  them  through  very  minute  openings,  the  am¬ 
monia  which  they  contained  would  be  absorbed  by  the  stand¬ 
ard  sulfuric  acid  into  which  it  is  distilled.  In  order  to  ascer¬ 
tain  whether  or  not  the  air  bubbles  could  be  broken  up  to  such 
an  extent  as  to  prevent  the  loss  of  nitrogen  from  this  source, 
the  delivery  end  of  the  calcium  chloride-type  tube  was  closed 
and  flattened.  Ten  holes,  each  0.08  mm.  in  diameter,  were 
made  in  the  bottom  of  the  tube.  Eight  distillations  were 
carried  out,  except  for  this  modification,  identical  with  those 
described  for  the  results  obtained  in  Table  I.  The  experi¬ 
mental  average  of  these  eight  determinations  is  34.99  ±  0.02 
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mg.  This  average  is  0.03  per  cent  less  than  the  theoretical; 
the  average  deviation  from  the  mean  average  is  ±0.06  per 
cent. 

In  order  to  make  this  last  procedure  comparable  to  a  regu¬ 
lar  Kjeldahl  distillation,  20  cc.  of  concentrated  sulfuric  acid 
were  added  to  the  ammonium  chloride  solution  plus  180  cc.  of 
distilled  water.  Fifty-seven  cubic  centimeters  of  41  per  cent 
sodium  hydroxide  solution  were  carefully  poured  down  the 
side  of  the  flask  and  the  distillation  carried  out  as  outlined 
in  the  previous  procedure.  The  experimental  average  from 
eight  determinations  is  34.98  ±  0.04  mg.  of  nitrogen.  This 
average  is  0.06  per  cent  lower  than  the  theoretical;  the  devia¬ 
tion  from  the  mean  average  is  ±0.12  per  cent. 

Summary 

Loss  of  ammonia  by  the  usual  Kjeldahl  distillation  proce¬ 
dure  has  been  ascribed  to  the  fact  that  some  ammonia  during 
the  first  few  minutes  of  distillation  is  diluted  with  air  to  such 


an  extent  that  part  of  it  escapes  absorption  by  the  standard 
sulfuric  acid  through  which  it  passes. 

The  average  loss  of  nitrogen  resulting  from  forty-seven  de¬ 
terminations  with  ammonium  chloride  solution  has  been 
shown  to  be  1.26  per  cent,  the  average  deviation  being  ±1.24 
per  cent. 

The  usual  Kjeldahl  procedure  has  been  improved  by  the 
use  of  a  delivery  tube  containing  holes,  each  0.08  mm.  in  di¬ 
ameter,  which  cause  the  air  bubbles  resulting  during  the  first 
few  minutes  of  distillation  to  be  broken  up  to  such  an  extent 
that  the  average  loss  of  nitrogen  resulting  from  eight  deter¬ 
minations  is  0.06  per  cent,  with  an  average  deviation  of  ±0.12 
per  cent. 
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A  Rapid  Method  for  the  Volumetric 
Determination  of  Indium 

HENRY  B.  HOPE,  MADELINE  ROSS,  AND  J.  F.  SKELLY,  Cooper  Union  Institute  of  Technology,  New  York,  N.  Y. 


THE  recent  commercial  availability  of  indium  has  revealed 
the  need  for  rapid  analytical  methods  for  its  determina¬ 
tion.  The  method  usually  employed  in  commercial  labora¬ 
tories  at  the  present  time  consists  of  precipitation  of  the  in¬ 
dium  as  the  hydroxide  and  ignition  to  the  oxide  (4).  This  pro¬ 
cedure  is  unsatisfactory  because  of  the  unavoidable  interfer¬ 
ence  of  iron,  and  because  of  the  excessive  time  required  for 
routine  determinations. 

A  potentiometric  method  has  been  devised  (1)  using 
potassium  ferrocyanide  and  the  usual  potentiometric  equip¬ 
ment.  This  equipment  is  not  always  available  in  commercial 
laboratories. 

The  method  to  be  described  involves  the  titration  of  an 
indium  acetate  solution  with  potassium  ferrocyanide  in  the 
presence  of  diphenylbenzidine  as  an  internal  oxidation- 
reduction  indicator. 

Reagents 

Diphenylbenzidine,  2  grams  in  100  cc.  of  concentrated  sulfuric 
acid  (sp.  gr.  1.84). 

Potassium  fluoride,  10  grams  of  salt  in  100  cc.  of  water. 
Potassium  ferrocyanide,  2.5  grams  of  trihydrate  in  a  liter  of 
water  plus  0.2  gram  of  potassium  ferricyanide. 

The  sulfuric  acid  used  to  make  up  the  indicator  solution  should 
be  free  from  nitrates  and  nitrites.  Heating  the  acid  until  fumes 
of  sulfur  trioxide  are  evolved  will  eliminate  these  radicals. 

Procedure 

Weigh  out  a  sample  containing  approximately  10  to  15  mg. 
of  indium  and  dissolve  in  a  suitable  acid  such  as  nitric  acid  or 
;  aqua  regia.  Remove  the  metals  of  Groups  I  and  II  with  hydrogen 
sulfide.  Make  alkaline  with  ammonia  in  slight  excess  and  digest 
on  a  steam  bath  or  boil  gently  on  a  hot  plate  until  faintly  am- 
moniacal.  Filter  through  a  tight  filter  paper  and  wash  sparingly 
with  water. 

Dissolve  the  precipitate  in  about  15  cc.  of  concentrated  warm 
acetic  acid  (glacial)  by  repeatedly  pouring  the  acid  through  the 
filter.  Wash  the  filter  with  10  additional  cc.  of  the  acetic  acid 
and  then  with  three  5-cc.  portions  of  hot  water,  uniting  both 
acid  and  washings.  The  resulting  solution  will  contain  both  the 
indium  and  whatever  iron  is  present  as  acetates. 

If  iron  is  present,  as  indicated  by  the  tawny  color  of  the  hy¬ 
droxides,  add  0.5  gram  of  potassium  fluoride  dissolved  in  water 
as  described  above.  The  resulting  solution  should  be  about 
60  per  cent  by  volume  of  glacial  acetic  acid. 


Cool  the  indium  solution  if  necessary  and  add  2  drops  of  indi¬ 
cator.  Titrate  with  standard  ferrocyanide  solution  in  a  small 
cone  flask,  rotating  the  flask  steadily  until  the  end  point  is 
reached.  The  color  change  at  the  end  point  depends  on  the 
presence  or  absence  of  iron.  If  iron  is  absent  and  no  fluoride 
has  been  added,  the  color  change  is  sharp  from  slate  blue  to  pea 
green  which  persists  for  10  seconds  with  shaking.  If  iron  is  present 
and  fluoride  has  been  added,  the  end  point  is  a  sharp  change 
from  dull  green  to  bright  blue,  the  blue  to  persist  for  at  least 
10  seconds. 

Discussion 

One  of  the  major  applications  of  indium  at  the  present  is 
in  dental  gold  alloys,  which  usually  contain  (in  addition  to 
indium)  gold,  silver,  platinum  metals,  copper,  and  zinc. 
The  indium  can  be  separated  from  the  other  metals  in  such 
an  alloy  by  means  of  a  sulfide  precipitation. 

Dissolve  the  sample  in  aqua  regia,  add  5  to  10  cc.  of  sulfuric 
acid,  take  to  fumes  of  sulfur  trioxide,  add  enough  hydrochloric 
acid  to  make  about  1  N  in  total  acidity  (to  prevent  precipitation 
of  indium  sulfide),  heat  to  boiling,  and  pass  in  a  rapid  stream  of 
hydrogen  sulfide  for  30  minutes  on  a  hot-plate.  Filter  off  the 
sulfides  without  delay,  boil  the  filtrate  to  expel  hydrogen  sulfide, 
and  make  slightly  alkaline  with  ammonia.  Digest,  filter  off  the 
precipitated  indium  hydroxide,  and  treat  as  previously  de¬ 
scribed.  Acetic  acid  must  be  used  to  dissolve  the  precipitated 
hydroxide.  For  small  percentages  of  indium  no  reprecipitation 
of  the  sulfides  is  necessary. 

The  potassium  ferrocyanide  solution  is  most  conveniently 
standardized  by  titration  against  a  solution  of  known  indium 
content,  best  prepared  by  dissolving  the  pure  metal  in  dilute 
nitric  acid  and  proceeding  as  with  an  unknown  sample. 
Should  the  supposedly  pure  indium  contain  tin,  its  presence 
will  be  indicated  by  a  white  residue  insoluble  in  nitric  acid. 

The  freshly  precipitated  indium  hydroxide  is  very  gelati¬ 
nous  and  difficult  to  filter  (5).  Aging  or  digestion  remedies 
this  condition  (2). 

The  sulfuric  acid  used  to  make  the  indicator  solution  should 
be  fumed  to  sulfur  trioxide  to  insure  its  being  nitrite-free,  as 
the  presence  of  this  ion  causes  a  permanent  blue  in  the 
indicator. 

The  titrating  solution  must  be  cooled  to  room  temperature 
before  the  addition  of  the  indicator  (£). 
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Table  I. 

Results 

Weight  of 

Indium 

Indium 

Sample 

Present 

Found 

Error 

Grams 

Gram 

Gram. 

Gram 

0.0226 

0.0226 

0.0224 

-0 . 0002 

0.0226 

0.0226 

0.0228 

+0.0002 

0 . 0452 

0 . 0452 

0.0449 

-0.0003 

0.0192 

0.0192 

0.0192 

0 . 0000 

0.0113 

0.0113 

0.0114 

+  0.0001 

0.0141 

0.0141 

0.0142 

+0.0001 

0.0168 

0.0168 

0.0169 

+0,0001 

1.5047“ 

0 . 0089 

0 . 0089 

0 . 0000 

1 . 5970“ 

0 . 0094 

0.0091 

-0.0003 

1.5493“ 

0.0090 

0 . 0087 

-0 . 0003 

Dental  gold  alloys, 

C.  A.  Wamser,  analyst,  J.  F.  Jelenko 

&  Co. 

The  end  point  cannot  be  obtained  in  the  presence  of 
chlorides. 

If  no  fluorides  have  been  added,  the  titrating  solution 
should  be  made  up  to  contain  about  40  per  cent  by  volume 
of  glacial  acetic  acid.  If  fluoride  is  used,  the  final  concen¬ 
tration  should  be  about  60  per  cent  acid.  The  fluoride  re¬ 
duces  the  ferric-ion  concentration  by  the  formation  of  the 
complex  [  Felfi] -3  thereby  preventing  the  formation  of  Prus¬ 
sian  blue  on  the  addition  of  potassium  ferrocyanide.  In  this 
way  the  laborious  separation  of  iron  by  l-nitroso-2-naphthol 
(S)  is  entirely  avoided. 


The  end  point  is  not  permanent,  as  in  the  case  of  the  per¬ 
manganate  titration  of  iron  in  the  presence  of  chloride  ion, 
and  it  is  therefore  necessary  to  standardize  the  ferrocyanide 
under  exactly  the  same  conditions  as  prevail  in  the  routine 
analysis. 

This  volumetric  method  requires  considerably  less  time 
than  the  usual  gravimetric  analysis. 
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Lignin  in  Douglas  Fir 

Composition  of  the  Middle  Lamella 


A.  J.  BAILEY,  College  of  Forestry,  University  of 'Washington,  Seattle,  Wash. 


THE  middle  lamella  has  been  subjected  to  extensive  re¬ 
search,  yet  our  knowledge  of  its  structure  and  composi¬ 
tion  is  far  from  complete.  The  exact  relationship  of  this 
membrane  to  the  various  physical  properties  of  wood  is  still 
a  matter  of  conjecture.  The  nature  of  the  so-called  matrix 
surrounding  each  cell  in  wood  is  also  an  extremely  important 
consideration  in  the  impregnation  of  wood  with  preservatives. 
Furthermore,  dissolution  of  the  middle  lamella  is  a  goal  of 
chemical  pulping,  yet  even  its  approximate  composition  is 
unknown. 

Previous  ^  ork 

Initial  investigations  of  the  middle  lamella  wrere  made  by 
botanists  who,  on  the  basis  of  anabolic  processes,  stains,  and 
solvents,  concurred  in  the  main  in  the  belief  that  pectin  or  a 
derivative  of  it  comprised  most,  if  not  all,  of  the  middle 
lamella.  This  botanical  concept  was  supported  by  the  work 
of  Fremy,  Treub,  Strasburger,  Mangin,  Timberlake,  Allen, 
and  others  ( 1 )  who  relied  largely  on  supposedly  specific  pectic 
stains  and  solvents.  It  was  demonstrated  that  in  certain 
tissues  the  middle  lamella  could  be  stained  with  ruthenium 
red  or  completely  dissolved  by  pectic  solvents;  in  nearly  all 
tissue  this  staining  effect  was  observed  prior  but  not  subse¬ 
quent  to  treatment  with  a  pectic  solvent;  hence,  the  conclu¬ 
sion  that  the  middle  lamella  of  most  tissue  was  pectic.  Bota¬ 
nists,  however,  studied  tissues  exceedingly  diverse  in  kind, 
function,  and  age,  and  some  recognized  differences  in  the 
middle  lamella  which  they  attributed  to  differences  in  physical 
structure  or  chemical  composition.  While  chemists,  on  the 
other  hand,  have  disagreed  almost  unanimously  with  the 
botanical  concept  of  the  composition  of  the  middle  lamella, 
the  two  schools  of  thought  were  not  always  controverting  the 
same  thing,  since  studies  by  chemists  were  confined  chiefly  to 
mature  xylem.  As  neither  proponent  completely  or  conclu¬ 


sively  disproved  the  other,  it  appears  probable  that  both  are 
partially  correct.  At  any  rate,  each  has  made  valuable  con¬ 
tributions,  while  the  controversy  has  stimulated  progress. 
In  view  of  the  present  knowledge  of  the  combination  and  ad¬ 
sorption  of  stains,  it  seems  probable  that  the  early  botanical 
investigators  overestimated  the  significance  of  parallelism 
in  staining  effects,  since  Ritter,  Harlow,  Scarth,  et  al.,  demon¬ 
strated  the  unreliability  of  specific  stains  and  solvents  (10). 
These  and  other  investigators  found  the  lamella  of  mature 
xylem  to  be  largely  soluble  in  lignin  solvents  and  insoluble  in 
cellulosic  solvents,  to  exhibit  staining  effects  with  supposedly 
specific  lignin  stains,  and  to  possess  optical  properties  at¬ 
tributive  to  lignin  (2).  Although  the  evidence  in  favor  of 
chemists’  conception  of  the  composition  of  the  lamella  pre¬ 
ponderates,  there  are  no  data  indicative  of  the  complete  ab¬ 
sence  of  pectic  compounds  or  of  an  integral  lignin  content. 

Experimental  Procedure 

In  view  of  the  fact  that  investigation  of  the  middle  lamella 
by  the  usual  technic,  in  situ,  did  not  make  quantitative  re¬ 
sults  possible,  a  method  was  developed  to  isolate  mechanically 
a  quantity  sufficient  for  analysis. 

With  the  aid  of  a  micromanipulator  of  the  Janse  and  Peterfi 
type  (Figure  1),  it  was  found  possible  to  remove  the  lamella1  in 
virtually  a  pure  state.  After  experimenting  with  various  types 
of  glass  microinstruments,  a  satisfactory  tool  was  devised  by 
grinding  high-grade  sewing  needles  to  a  chisel-like  point  on  a  sili¬ 
con  carbide  stone,  maintaining  a  constant  grinding  angle  by 
mounting  the  needle  in  a  small  block  of  wood  much  as  a  blade  is 
mounted  in  a  carpenter’s  plane,  and  rotating  the  needle  through 


1  Ritter's  definition  of  the  middle  lamella  (2),  “the  isotropic  peripheral 
layer  of  cell  wall,  including  the  irregular  masses  of  isotropic  material  com¬ 
monly  formed  when  three  or  more  cells  adjoin,"  describes  the  isolated 
material  rather  accurately. 
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180°  when  necessary  to  obtain  equal  grinding  on  each  side,  thus 
insuring  the  approximate  equality  of  the  length  of  the  chisel 
edge  and  the  diameter  of  the  needle,  as  well  as  centration  of  the 
edge  itself.  The  chisel  was  sharpened  by  the  usual  method  of 
sharpening  microtome  knives,  using  the  same  block  to  maintain 
a  constant  sharpening  angle.  After  mounting  in  a  small  wooden 
adapter  which  was  then  attached  to  the  needle-holder  of  the 
micromanipulator,  the  needle  could  be  actuated  through  the 
mechanism  and  made  to  perform  exact  and  uniform  movements 
in  the  three  dimensions  of  space  in  its  application  to  microscopic 
objects  in  the  field  of  view  of  the  microscope. 

Various  methods  were  tested,  but  it  was  found  expedient  to 
fasten  sections  to  a  slide  by  spreading  a  thin  layer  of  an  imbedding 
medium — of  unusually  desirable  properties  for  this  purpose,  de¬ 
scribed  elsewhere  (3) — on  the  glass,  allowing  a  tough  film  to  form 
on  the  surface,  and  then  pressing  the  section  onto  the  layer  of  the 
imbedding  agent.  By  mounting  the  slide  on  the  mechanical  stage 
of  the  microscope  and  simultaneously  actuating  the  stage  with 
one  hand  and  the  microtool  with  the  other,  it  was  possible  to 
cut  off  fragments  of  the  tissue,  the  size  of  which  was  limited 
only  by  the  magnification,  which,  in  turn,  was  limited  by  the 
working  distance  of  the  objective.  By  proper  manipulation — 
i.  e.,  moving  the  section  of  wood  against  the  cutting  tool  by  means 
of  the  mechanical  stage,  much  as  a  log  on  a  carriage  is  moved 
against  a  saw,  with  the  section  oriented  so  that  only  the  tip  of 
the  knife  could  slide  along  the  edge  of  a  radial  row  of  cells — it  was 
possible  to  split  off  the  outer  radial  row  of  cells,  owing  to  a  lack 
of  cohesion  in  the  middle  lamella.  The  lamella  itself  was  found 
to  fracture  approximately  in  the  center,  irregularly,  or  to  tear 
loose  from  the  adjacent  secondary  lamella;  in  the  latter  case  the 
entire  lamella  adhered  to  one  of  the  radial  rows  of  cells. 

This  protruding  material  could  be  resected  from  the  secondary 
wall  (Figure  2)  by  moving  the  row'  of  cells  toward  the  vertical 
knife-edge  and  moving  the  knife  nearer  to  or  farther  from  the  row 
of  cells.  The  particles  removed  adhered  to  the  knife,  presum¬ 
ably  because  of  static  electrical  charges,  since  the  metallic  knife 
was  insulated  by  the  wooden  adapter.  This  permitted  lifting 
the  particles  clear  of  the  slide  and  inserting  them,  still  on  the 
knife,  into  the  open  end  of  a  capillary  tube  mounted  on  the  oppo¬ 
site  standard  of  the  micromanipulator.  By  discharging  the  knife 
or  tapping  it  gently,  the  particles  were  dislodged  and  fell  to  the 
retaining  capillary  tube;  the  knife  was  removed — all  the  above 
operations  being  observed  through  the  microscope — and  the 
particles  of  lamella  transferred  to  a  microw'eighing  bottle.  The 
above  disposition  of  instruments  and  use  of  the  mechanisms  of 
the  mechanical  stage  and  micromovements  of  the  twro  standards 
had  numerous  advantages,  foremost  of  which  wras  the  constant 
approximate  centration  of  the  knife  in  the  field  of  view  without 
additional  adjustment. 

To  prevent  inclusion  of  material  other  than  the  lamella, 
each  particle  wras  scrutinized  for  homogeneity.  The  middle 
lamella  was  found  to  be  easily  distinguishable  from  other 
lamellae  by  its  dark  finely  granular  appearance  as  contrasted 
with  the  almost  colorless,  crystal-like  character  of  the  remain¬ 
der  of  the  cell  wall.  Through  the  use  of  this  technic  on  un¬ 
stained  and  unextracted 
transverse  sections  of  Doug¬ 
las  fir  ( Pseudotsuga  taxifolia) 
heartwood,  200  microns  thick, 
enough  material  consisting 
solely  of  the  middle  lamella 
was  isolated  from  the  sum- 
merwood  to  permit  analysis. 

All  resection  wTas  carried  out 
under  a  magnification  of  ap¬ 
proximately  100  diameters 
and  grosser  operations  at  a 
lower  magnification.  Ma¬ 
terial  consisting  of  wood 
rays,  summerwood,  and 
springwood — the  latter  two 
containing  the  constituent 
ray  tissue — was  also  isolated. 

Samples  of  these  tissues 
were  analyzed  for  lignin  by  a 
micromethod  developed  by 
the  author  for  the  purpose  (4) . 


Figure  1.  Front  View  of  Micromanipulator 
and  Binocular  Microscope  Used  in  Isolation 

Standard  on  right  carries  the  needle-holder  and  microchisel; 
the  other  carries  the  glass  capillary. 

The  sample  of  wrood  ray  tissue  was  washed  w'ith  hot  alcohol- 
benzene  solution  prior  to  hydrolysis  to  remove  resin ;  the  other 
material  was  not  extracted.  In  all  the  tissue  analyzed,  except 
the  middle  lamella,  samples  of  approximately  3  mg.  were  used 
which  was  the  size  the  author  recommended  for  the  micro¬ 
procedure;  only  0.5  mg.  of  middle  lamella  wras  available  for 
analysis.  The  results  of  twenty-seven  previous  analyses 
(4)  showed  an  extreme  difference  between  highest  and  lowest 
values  of  0.79  per  cent  with  an  average  difference  of  0.58  per 
cent,  using  samples  of  approximately  3  mg.  This  degree  of 
precision  probably  obtains  for  the  values  obtained  in  the 
analysis  of  the  wood  rays,  summerwood,  and  springwood, 
as  the  size  of  samples  and  analytical  conditions  were  identical. 
In  the  case  of  the  middle  lamella,  however,  only  0.5  mg.  of  ma¬ 
terial  w'as  available  for  analysis.  Since  w'ork  of  other  investi¬ 
gators  seemed  to  indicate  that  at  least  half  of  the  middle 
lamella  might  be  lignin,  this  quantity  of  material  would  yield 
0.25  mg.  of  lignin,  corresponding  to  a  sample  of  wood  of  ap¬ 
proximately  0.75  mg.,  or  only  one-fourth  the  size  of  sample 
which  should  have  been  used  in  microprocedure.  As  it  wras 
impractical  to  adapt  the  microprocedure  to  a  smaller  sample, 
preliminary  analyses  were  carried  out  using  samples  of  ap¬ 
proximately  0.75  mg.  to  determine  the  error  introduced  by 
the  use  of  the  smaller  sample.  Four  analyses  showed  an  ex¬ 
treme  difference  between 
highest  and  lowest  values  of 
1.56  per  cent  with  an  average 
difference  of  1.21  per  cent. 
The  average  lignin  content 
obtained  was  33.18  per  cent, 
as  compared  with  the  earlier 
average  of  33.41  per  cent  ob¬ 
tained  on  samples  of  approxi¬ 
mately  3  mg.  (4).  This  loss 
of  precision  was  probably  due 
to  the  approach  to  the  sensi¬ 
tive  limit  of  the  balance  (a 
Kuhlmann  microbalance  per¬ 
mitting  weighing,  with  a  pre¬ 
cision  of  =*=0.001  mg.  with  a 
maximum  load  of  20  grams 
on  each  pan)  and  to  the  solu¬ 
bility  of  the  lignin,  since  the 
average  yield  of  lignin  is 
lower  with  the  smaller  sam¬ 
ples. 


Figure  2.  View  of  a  Section  on  a  Slide 

A  radial  row  of  cells  has  been  split  off,  leaving  most  of  the  lamella 
adhering  to  the  secondary  wall  of  the  exposed  radial  row  of  cells.  The 
knife  has  resected  part  of  the  lamella.  Section  200  n  thick;  photo¬ 
graphed  in  air  without  a  cover  glass.  X  135 
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Results 

A  single  sample  of  middle  lamella  weighing  0.521  mg.  was 
analyzed  and  the  lignin  content  found  to  be  71.38  per  cent. 
Samples  of  wood  rays,  springwood,  and  summerwood,  weigh¬ 
ing  approximately  3  mg.,  gave  values  of  41.09,  35.24,  and 
31.56  per  cent,  respectively,  all  values  being  based  upon  the 
original  oven-dry  weight  of  the  isolated  material. 

Discussion 

There  are  no  comparative  quantitative  data  on  the  middle 
lamella.  As  the  lignin  content  was  found  to  be  higher  than 
the  minimum  assumed  above,  the  precision  is  probably  greater 
than  was  found  to  be  the  case  with  the  0.75-mg.  sample.  The 
amount  of  lignin  isolated  corresponded  to  a  sample  of  wood 
shghtly  greater  than  1  mg.,  or  one-third  the  size  of  sample 
proposed  for  the  microprocedure.  Neglecting  the  effect  of 
other  variables,  such  as  the  effect  of  the  dissolved  carbohy¬ 
drates,  it  would  seem  that  the  value  of  71.38  per  cent  is 
susceptible  to  a  maximum  error  of  half  of  1.39  per  cent,  which 
is  the  extreme  difference  between  highest  and  lowest  values 
which  would  be  expected  (assuming  a  direct  relation  between 
size  of  error  and  size  of  sample)  with  a  sample  of  wood  of  ap¬ 
proximately  1  mg.  In  other  words,  it  seems  probable  that 
the  lignin  content  of  71.38  per  cent  in  the  middle  lamella  iso¬ 
lated  is  not  in  error  by  more  than  0.70  per  cent  of  the  true 
lignin  content  as  measured  by  the  microprocedure  which  was 
used  in  the  analysis.  In  view  of  the  fact  that  these  experi¬ 
mental  data  must  contain  not  only  indeterminate  errors — 
since  there  is  no  absolutely  weight-constant  receptacle,  no 
absolutely  insoluble  compound,  no  absolutely  pure  precipi¬ 
tate  or  residue,  and  no  absolutely  accurate  physical  measure¬ 
ment — but  also  determinate  errors,  it  seems  valueless  to  apply 
statistical  method  in  an  attempt  to  determine  deviation  and 
error  which,  in  this  case,  could  have  no  significance.  There 
was  no  evidence  to  indicate  that  the  proportionately  larger 
errors  in  balance  reading,  solubility  and  adsorption,  etc., 
were  not  compensated  sufficiently  to  permit  the  accuracy 
noted  above. 

Concerning  the  28  per  cent  of  the  composition  of  the  middle 
lamella  left  unaccounted  for,  part  is  probably  due  to  the  fact 
that,  in  spite  of  all  precautions,  the  lamella  isolated  contained 
extraneous  material.  Each  particle  was  examined  minutely 
before  it  was  accepted  for  analysis.  In  the  author’s  opinion, 
the  presence  of  5  per  cent  of  foreign  material  would  probably 
be  somewhat  too  high  an  estimate;  in  any  case  it  is  believed 
that  it  could  not  exceed  10  per  cent.  This  would  still  leave 
some  material  unidentified.  There  is  some  evidence  to  indi¬ 
cate  that  the  middle  lamella  contains  hemicellulose  as  several 
investigators  have  suggested  (7),  which  may  account  for  the 
remainder  of  the  lamellar  substance. 

Many  botanists  observed  more  or  less  definite  layers  in 
the  middle  lamella  itself  (discussed  at  length  in  Allen’s  paper, 

1 )  and  suggested  (1)  a  splitting  of  the  immature  lamella  with 
subsequent  infiltration  or  excretion  of  other  substance,  (2) 
that  the  first  thin  layer  of  lamella  decomposed  during  matura¬ 
tion  of  the  entire  lamella,  or  (3)  in  agreement  with  the  later 
work  of  Harlow  and  Anderson  that  chemical  metamorphosis 
of  the  lamella  occurred,  beginning  at  the  secondary  wall  and 
proceeding  toward  the  center  of  the  lamella.  Incomplete 
metamorphosis  would  then  cause  a  layering  effect.  Ander¬ 
son  and  Harlow  considered  this  metamorphosis  to  be  from  a 
pectic  compound  to  lignin.  However,  the  pectin  content  of 
mature  wood  is  very  low.  Pectin  contains  the  radicals  of 
araban  and  galactan  derivatives,  lignin  and  pectin  are  high 
in  carbon  and  methyl  content — recent  findings  indicate  a 
high  methyl  content  in  hemicellulose  (14) — pectin  and  lignin 
are  associated  with  hemicellulose  in  plant  tissue,  and  hemi¬ 
cellulose  has  been  split  from  lignin  (9)  and  from  pectin.  Con¬ 


sequently,  the  suggestion  that  the  central  layer  of  the  lamella 
may  consist  of  hemicellulose  which  may  be  an  intermediate 
product  between  pectin  and  lignin  is  perhaps  worthy  of 
more  than  casual  consideration. 

After  removal  of  all  lignin  from  wood  chips  by  sulfite  diges¬ 
tion,  Klason  noted  that  the  dried  chips  were  almost  as  stiff 
as  the  original  wood,  which  effect  he  ascribed  to  residual  hemi¬ 
cellulose  (12).  Klason’s  results  were  confirmed  by  the  author 
(5)  and  similar  effects  noted  earlier  by  delignification  of  wood 
by  Ritter  and  Kurth,  who  also  suggested  hemicellulose  in 
the  middle  lamella  as  the  cause  (14). 

Carpenter  and  Lewis  observed  that  the  first  effect  of  chemi¬ 
cal  digestion  was  a  splitting  of  the  middle  lamella  which  left 
the  fibers  encased  in  the  remains  of  the  lamella,  consisting 
largely  of  a  spirally  wound  layer  insoluble  in  cuprammonium 
solution  and  sulfuric  acid  (7),  in  rather  striking  agreement 
with  the  botanical  conception  of  the  double  nature  of  the 
middle  lamella.  One  hypothesis  that  might  account  for 
the  initial  splitting  action  of  digestion  is  that  the  central  layer 
of  the  middle  lamella  consists  largely,  if  not  completely,  of 
hemicellulose  which  is  hydrolyzed  sooner  or  more  easily  than 
the  lignin. 

During  the  mechanical  isolation  of  the  lamella  the  author 
noted  a  definite  tendency  of  the  lamella  to  “cleave”  either 
approximately  in  the  center  or  at  the  union  of  the  secondary 
wall,  indicating  a  definite  lack  of  cohesion  in  these  points. 
When  central  cleavage  occurred,  it  was  frequently  irregularly 
repand,  serrate,  or  crenelated,  the  depths  of  the  lacunae,  how¬ 
ever,  being  limited  to  a  definite  central  zone.  It  was  also 
frequently  possible  when  the  lamella  was  tom  from  the  sec¬ 
ondary  wall  to  see  very  minute  straplike  elements  on  the  edge 
of  the  lamella  which  had  adjoined  the  secondary  wall.  These 
were  probably  fragments  of  the  lamellar  sheath  of  Carpenter 
and  Lewis  (7) .  Minute  examination  of  the  straplike  elements 
showed  them  to  have  the  same  general  appearance  as  the 
remainder  of  the  lamella.  Owing  to  the  manner  of  isolation 
it  was  not  possible  to  determine  whether  or  not  these  ele¬ 
ments  had  a  spiral  arrangement  on  the  secondary  wall.  No 
confirmatory  evidence  was  found  regarding  Ludtke’s  claim 
that  the  middle  lamella  is  many-layered  (IS). 

Contrary  to  Forsaith  (8),  but  in  agreement  with  Harlow 
and  Wise  (11),  the  lignin  content  of  wood  rays  was  found  to 
be  considerably  greater  than  in  the  total  wood.  This  is 
supported  further  by  the  fact  that  wood  rays  have  been  shown 
to  be  sufficiently  lignified  to  resist  chemical  digestion  and 
beating  and  to  appear  intact  in  the  finished  sheet  of  paper 

(5). 

The  analyses  of  spring-  and  summerwood  show  about  the 
same  differences  as  do  Ritter  and  Fleck’s  original  values  on  the 
same  wood  (15).  The  most  obvious  explanation  is  that  ad¬ 
vanced  by  Allen  and  many  others:  that  the  lamella  is  of 
approximately  the  same  absolute  thickness  in  spring-  and 
summerwood,  but  of  smaller  relative  thickness  in  the  summer- 
wood. 

Additional  work  is  under  way  at  the  present  time  in  an 
attempt  to  establish  further  the  chemical  composition  of  the 
middle  lamella. 
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Methods  of  Wine  Analysis 

C.  H.  McCHARLES  AND  G.  A.  PITMAN,  Cresta  Blanca  Wine  Co.,  Livermore,  Calif. 


SAMPLING  is  more  of  a  problem  than  one  might  suspect 
in  an  apparently  homogeneous  liquid  such  as  wane.  Air 
coming  in  contact  with  dry  wine  under  certain  conditions 
causes  the  formation  of  volatile  organic  acids.  As  this  may 
occur  at  the  top  of  a  tank,  the  difference  between  the  volatile 
acid  content  of  the  top  and  the  bottom  of  a  tank  may  amount 
to  as  much  as  0.020  per  cent.  One  tank  was  found  to  contain 
at  the  bottom,  0.108  per  cent;  middle,  0.125  per  cent;  and 
top,  0.148  per  cent  of  volatile  acid. 

To  secure  a  truly  accurate  sample,  the  entire  tank  should  be 
thoroughly  agitated;  satisfactory  results  can  usually  be  ob¬ 
tained  by  mixing  samples  from  the  top,  middle,  and  bottom 
of  the  tank.  For  routine  tests,  a  sample  from  the  center  of 
the  tank  will  suffice. 

.Alcohol.  Alcohol  is  usually  determined  in  California 
vineries  with  the  ebulhoscope,  but  with  the  increasing 
number  of  chemists  entering  the  wineries,  the  use  of  hydrome¬ 
ters  and  pycnometers  is  increasing.  Some  laboratories  are 
increasing  the  accuracy  of  their  ebullioscopes  by  determining 
the  boiling  point  of  vine  distillates,  but  most  plants  still 
test  the  wine  without  this  precaution.  In  the  case  of  sweet 
vines,  a  dilution  is  sometimes  made  to  reduce  the  effect  of 
sugar  on  the  boiling  temperature.  A  limit  of  accuracy  of  0.1 
per  cent  is  considered  desirable. 

Accurate  alcohol  spindles  are  now  available  at  a  reasonable 
figure  and  can  be  used  in  as  little  as  100  cc.  A  convenient 
method  used  in  some  plants  is  to  distill  100  cc.  of  vine  plus 
50  to  75  cc.  of  water  into  a  100-cc.  volumetric  flask,  and 
determine  the  alcohol  on  the  distillate  with  a  spindle.  The 
residue  in  the  boiling  flask  can  be  washed  into  a  100-cc. 
volumetric  flask  and  the  solids  or  “dry  extract”  roughly 
determined  with  a  Balling  hydrometer.  This  dealcoholized 
residue  may  be  saved  for  the  subsequent  determination  of 
reducing  sugar  and  tannin. 

Volatile  Acids.  This  term  is  used  to  describe  those  sub¬ 
stances  removable  from  wine  by  steam  distillation  and  possess¬ 
ing  an  acid  reaction  to  phenolphthalein.  In  the  United  States 
volatile  acids  are  calculated  as  acetic  acid.  With  the  recent 
introduction  of  new  limits  on  volatile  acids,  this  test  becomes 
vitally  important  and  greater  accuracy  in  its  determination  is 
desired  than  previously,  a  limit  of  0.005  per  cent  being  fre¬ 
quently  requested. 


Slight  variations  of  the  official  method  ( 1 )  are  in  general 
use;  usually  a  10-cc.  sample  is  steam-distilled  until  50  to  100 
cc.  of  distillate  are  collected,  titrated,  and  calculated  as  acetic 
acids. 

At  present  the  various  regulatory  agencies,  following  the 
official  method  of  the  Association  of  Official  Agricultural  Chem¬ 
ists,  do  not  make  allowance  for  the  fact  that  any  sulfur  dioxide 
in  the  wine  is  distilled  and  measured  as  a  volatile  acid.  Cer¬ 
tain  types  of  wines  (Haut  Sauterne  and  Chateau  Yquem) 
need  up  to  0.035  per  cent  of  sulfur  dioxide  to  prevent  fermenta¬ 
tion  in  the  bottle.  When  titrated  as  a  volatile  acid,  0.035  per 
cent  of  sulfur  dioxide  is  equivalent  to  0.066  per  cent  of  acetie 
acid.  The  limit  on  a  white  wine  is  0.110  per  cent  of  volatile 
acid  as  acetic;  0.110  —  0.066  =  0.044  per  cent  of  normal 
volatile  acid,  which  might  be  taken  as  the  limit  for  these  types 
of  wines.  Such  a  limit  excludes  with  certainty  any  wines 
over  a  year  old. 

Total  Acids.  This  is  the  term  used  to  describe  the  total 
titratable  acidity  in  wine.  It  includes  both  volatile  and 
fixed  acids  and  is  calculated  as  tartaric  acid.  The  determina¬ 
tion  of  total  acidity  in  white  wine  presents  little  difficulty 
when  phenolphthalein  is  used  as  an  inside  indicator  (1), 
but  the  intense  red  color  of  red  wine  makes  the  use  of  phenol¬ 
phthalein  as  an  inside  indicator  difficult  unless  diluted  with  50 
to  150  volumes  of  boiling  distilled  water. 

Some  chemists  use  a  mixture  of  1  per  cent  phenolphthalein 
powder  in  powdered  potassium  sulfate  as  an  outside  indicator. 
For  rough  work  many  chemists  use  the  change  in  color  of  the 
natural  anthocyanin  pigment  of  the  grape  as  an  indicator. 
Absolute  accuracy  is  not  as  important  in  this  determination  as 
some  others. 

Reducing  Sugaes.  Reducing  sugars  are  frequently  deter¬ 
mined  by  the  Lane  and  Eynon  method  (3),  which  measures 
the  amount  of  unused  cupric  ion  after  the  wine  has  been 
boiled  with  a  known  amount  of  Fehling’s  solution.  The 
official  or  Munson  and  Walker  (5)  method  is  not  very  popular 
among  the  wineries,  because  it  is  slow  and  requires  an  ana¬ 
lytical  balance.  The  Shaffer  and  Hartmann  (8)  method,  a 
volumetric  iodometric  method,  is  being  used  in  many  plants 
where  a  high  degree  of  accuracy  is  desired,  and  is  popular  in 
the  various  fruit  industries  in  California.  An  accuracy  of 
0.010  or  0.020  per  cent  is  desirable  in  the  reducing  sugar  test. 
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Metals.  Iron  and  other  metals  are  to  be  avoided  in  vine 
because  they  form  a  recurring  cloud  and  render  the  vine 
difficult  to  stabilize.  The  limits  for  iron  and  tin,  the  two 
worst  metals  in  vine  (7),  are  about  2  to  5  p.  p.  m.  The 
method  of  Leavell  and  Ellis  (4)  is  being  used  for  the  determina¬ 
tion  of  iron  vith  apparent  satisfaction  by  several  plants. 

Sulfur  Dioxide  .  Sulfur  dioxide  in  wine  is  best  determined 
by  the  bicarbonate- hydrochloric  acid  ( 6 )  method  such  as  is 
in  general  use  in  the  dried  fruit  industry.  Satisfactory  re¬ 
sults  may  be  obtained  using  a  32-  or  50-cc.  sample,  distilling 
into  iodine,  and  titrating  vith  thiosulfate.  The  federal  limit 
on  sulfur  dioxide  in  vines  is  0.035  per  cent  and  an  accuracy  of 
0.005  per  cent  may  be  expected  of  the  analyses. 

Tannin.  Tannin  in  vines  is  usually  considered  of  in¬ 
sufficient  importance  to  warrant  analysis.  However,  where 
desired,  the  official  method  (2),  using  indigo-carmine  as  an 


indicator  and  titrating  with  standard  permanganate,  is  fol¬ 
lowed. 
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Micro-Dumas  Generation  of  Carbon  Dioxide 


WALTER  S.  IDE,  Burroughs  Wellcome  and  Company.  U.  S.  A..  Experimental  Research  Laboratories,  Tuekahoe.  N.  Y. 


WHILE  the  use  of  the  Kipp  generator  as  a  source  of 
carbon  dioxide  is  satisfactory,  this  is  true  only  when  two 
generators  are  coupled  hi  series. 

A  much  simpler  method  is  to  generate  the  carbon  dioxide 
from  magnesite,  contained  in  the  closed  end  of  the  combustion 
tube.  This  method  utilizes  very  little  space,  an  item  of 
consideration  in  most  laboratories,  and  the  cost  of  equipment 
is  greatly  reduced,  the  combustion  tube  and  the  microazo- 
tometer  being  all  that  is  necessary  in  addition  to  the  balance. 
Berl  and  Burkhardt  (I)  have  described  a  semi-micromethod 
for  the  determination  of  nitrogen,  using  magnesite  as  the 
source  of  carbon  dioxide  and  an  average  specimen  of  30  to  40 
mg.  of  substance.  They  use  an  azotometer  with  a  graduated 
volume  of  10  cc .  (2). 


In  the  present  method  an  ordinary  microcombustion  tube  is 
used,  one  end  being  sealed  off  and  rounded,  making  a  tube  ap¬ 
proximately  40  cm.  long.  Magnesite  is  introduced  into  the  closed 
end  of  the  tube  to  a  depth  of  about  3  cm.  It  is  necessary  to  use 
Kahlbaum  magnesite  (fur  anal.),  the  pea  size  being  broken  into 
smaller  pieces.  Following  the  magnesite  in  successive  order  are 
an  asbestos  wad  of  about  3  mm.,  4  cm.  of  copper  oxide,  the 
specimen  (3  to  4  mg.)  mixed  with  copper  oxide,  copper  oxide  for 
about  5  cm.,  an  asbestos  wad,  reduced  copper  spiral  followed  by 
asbestos,  5  cm.  of  copper  oxide,  and  finally 
another  asbestos  wad,  leaving  about  5  cm. 
of  the  tube  empty. 

Before  the  combustion  of  the  specimen, 
the  tube  is  swept  free  from  air  by  heating 
the  magnesite.  The  closed  end  is  sur¬ 
rounded  with  wire  gauze,  to  eliminate  dis¬ 
tortion,  and  heated  with  a  strong  flame, 
and  at  the  same  time  the  long  burner  is 
turned  on.  Bubbles  with  a  diameter  of 
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one-tenth  division  appear  in  from  4  to  5  minutes,  and  true  mi¬ 
crobubbles  are  obtained  if  heating  is  continued  for  another  minute. 
When  bubbles  of  one-tenth  division  appear  in  the  azotometer  the 
flame  under  the  magnesite  is  turned  down  until  the  barely  lumi¬ 
nous  flame  just  touches  the  gauze,  so  that  the  generation  of  car¬ 
bon  dioxide  is  nearly  stopped. 

The  combustion  is  carried  out  in  the  usual  manner.  The 
rate  of  decomposition  of  the  compound  can  be  controlled 
very  accurately,  as  there  is  very  little  free  space  behind  the 
specimen,  and  any  change  in  the  rate  of  decomposition  is 
indicated  immediately  in  the  azotometer.  When  the  specimen 
is  completely  decomposed  and  the  burner  under  the  specimen 
has  reached  the  long  burner,  the  flame  under  the  magnesite 
is  increased  slowly  until  the  nitrogen  has  been  removed  and 
the  microbubbles  appear  in  the  azotometer.  The  writer 
uses  two  combustion  tubes,  one  being  filled  while  the  other  is 
in  use. 

The  decomposition  of  the  specimen  and  sweeping  of  the 
gases  take  from  25  to  30  minutes,  depending  on  the  amount  of 
nitrogen  in  the  compound.  The  azotometer  is  read  after 
10  to  12  minutes.  The  total  time  from  the  beginning  of 
sweeping  until  the  final  reading  of  the  nitrogen  volume  should 
not  exceed  50  minutes.  From  the  volume  of  nitrogen  col¬ 
lected,  2.2  per  cent  is  deducted  to  give  the  net  volume  to 
be  reduced  to  normal  conditions.  This  value  is  determined  by 
analyzing  a  known  compound — for  example,  Kahlbaum 
hippuric  acid — at  the  beginning  and  end  of  each  series  of 
analyses.  This  value  has  remained  constant,  and  obviously 
represents  a  blanket  correction,  apart  from  temperature  and 
pressure  corrections.  All  the  nitrogen  values  in  the  publica¬ 
tions  from  this  laboratory  during  the  past  three  years  have 
been  determined  by  this  procedure. 

The  method  was  investigated  at  the  suggestion  of  J.  S. 
Buck  of  this  laboratory. 
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Direct  Simultaneous  Microdetermination  of 
Carbon,  Hydrogen,  and  Oxygen 

IV.  Analysis  of  Bituminous  Coals  and  Derived  Products 

W .  R.  KIRNER,  Coal  Research  Laboratory,  Carnegie  Institute  of  Technology.  Pittsburgh.  Pa. 


THE  oxygen  content  of  coal 
is  generally  calculated  by 
difference — that  is,  the  sum  of 
the  percentages  of  all  directly 
determined  elements  is  sub¬ 
tracted  from  one  hundred  and 
the  difference  is  considered  to  be 
oxygen.  In  such  a  method,  all 
the  errors,  cumulative  or  com¬ 
pensative,  made  in  the  indi¬ 
vidual  determinations  are  in¬ 
cluded  in  the  value  assigned  to 
oxygen.  The  importance  of  a 
direct  method  for  the  determina¬ 
tion  of  oxygen  in  coal  and  its 
products  has  been  stressed  re¬ 
peatedly  (22).  The  purpose  of 
this  paper  is  to  report  the  results 
obtained  in  the  direct  determina¬ 
tion  of  carbon,  hydrogen,  and 
oxygen  in  various  fuels  using  the 
gaso metric  microcombustion 
method  which  was  developed  in 
this  laboratory  on  pure  organic 
compounds  (10,  11,  12). 

Two  methods  have  been 
suggested  for  the  direct  deter¬ 
mination  of  oxygen  in  fuels. 

The  hydrogenation  method  of 
ter  Meulen  and  Heslinga  (16) 
has  been  applied  to  the  analysis 
of  coal  and  its  products  by  a 
number  of  investigators  (1,3,15, 

19).  In  a  critical  study  of  this  method  as  applied  to  the  analy¬ 
sis  of  coal,  Schuster  (19)  pointed  out  that  although  it  yields 
excellent  results  for  oxygen  in  pure  compounds,  it  is  not  fault¬ 
less  when  applied  to  coal.  This  is  due  to  the  simultaneous 
hydrogenation  of  the  mineral  matter  present  in  the  coal  sam¬ 
ple.  Besides  Schuster’s  criticism,  this  method  also  possesses 
the  disadvantage  that  in  analyzing  complex  substances,  such 
as  fuels,  the  determination  of  the  oxygen  content  of  the  sample 
becomes  less  simple,  less  direct,  and  hence  less  accurate  the 
greater  the  number  of  elements  present  besides  carbon,  hydro¬ 
gen,  and  oxygen.  Also  because  of  the  deposition  of  carbon 
and  poisoning  by  sulfur  and  halogens,  the  catalyst  rapidly 
loses  its  activity  and  must  be  frequently  renewed.  An  ad¬ 
vantage  of  the  method  is  that  oxygen  can  be  determined  in¬ 
dependently  without  the  necessity  of  also  determining  other 
elements. 

The  gasometric  combustion  method  has  also  been  used  for 
the  direct  determination  of  oxygen  in  various  fuels  (4,  5). 
Previous  investigators  using  this  method  have  assumed  that 
the  nitrogen  present  in  the  sample  escaped  completely  in  the 
elementary  state  and  the  sulfur  was  oxidized  completely  to 
sulfur  dioxide  or  trioxide.  A  critical  analysis  of  the  results 
obtained  with  this  method  has  revealed  that  they  contain 
rather  large  compensative  errors  and  that  certain  of  the  as¬ 
sumptions  made  are  incapable  of  experimental  confirmation. 
For  this  method  to  be  successful  when  applied  to  fuels,  much 


greater  accuracy  must  be  at¬ 
tained  in  the  carbon-hydrogen 
determination  than  has  so  far 
been  reported  because  errors  in 
the  determination  of  these 
elements  are  multiplied  by  large 
factors  in  terms  of  oxygen. 
Likewise,  the  accuracy  of  the 
gasometric  determination  of 
“oxygen  consumed”  is  capable 
of  considerable  improvement. 
Also,  the  fate  of  the  nitrogen 
and  sulfur  must  be  determined 
so  as  to  be  able  to  correct  the 
volume  of  oxygen  consumed  as 
well  as  to  permit  accurate  cal¬ 
culation  of  the  oxygen  content 
of  all  of  the  combustion  prod¬ 
ucts.  These  details  have  been 
worked  out  in  this  laboratory 
using  pure  organic  compounds, 
and  the  results  have  already 
been  published  (10,  11,  12). 

Schuster  (18)  has  also  criti¬ 
cized  this  method  from  a  theo¬ 
retical  standpoint.  He  asserts 
that  “ash  reactions”  will  like¬ 
wise  be  involved,  the  most  im¬ 
portant  being  the  splitting  out 
of  hydrate-water  from  silicates, 
evolution  of  carbon  dioxide 
from  inorganic  carbonates, 
and  the  formation  of  sulfates, 
especially  calcium  sulfate.  These  reactions  compensate  to 
some  extent,  the  first  two  tending  to  make  the  oxygen  values 
high  while  the  last  tends  to  make  them  low.  The  net  result, 
in  the  case  of  fuels  in  which  sulfate  formation  is  low,  such  as 
bituminous  coals,  would  be  to  yield  high  results,  while  fuels 
in  which  sulfate  formation  is  high,  owing  to  a  high  content  of 
calcium  salts,  as  in  brown  coals,  would  tend  to  yield  low 
results. 

The  particular  advantage  of  this  method  is  that  carbon, 
hydrogen,  and  oxygen  are  determined  simultaneously,  and 
these,  as  well  as  moisture  and  ash,  can  be  determined  on  a 
single  weighed  sample.  Another  advantage  is  that  the  pres¬ 
ence  of  sulfur,  halogens,  and  nitrogen  has  no  harmful  influence 
on  the  combustion  tube  filling  and  numerous  series  analyses 
can  be  made  without  changing  the  filling.  A  disadvantage 
is  that  in  order  to  determine  the  oxygen  content  of  a  sample 
it  is  necessary  to  know  the  percentage  of  other  elements 
(except  halogens)  present  in  the  sample.  For  the  purposes  of 
this  laboratory  this  is  not  a  serious  disadvantage  since,  in 
general,  the  complete  composition  of  the  sample  is  desired 
in  order  to  make  up  elementary  balances.  The  direct  oxygen 
determination  then  serves  as  a  control  on  all  the  other  analyses 
made  on  the  sample.  The  final  advantage  of  this  method  when 
applied  to  microsamples  is  that  it  is  essentially  a  modification 
of  the  Pregl  carbon-hydrogen  determination  and  Pregl’s  classi¬ 
cal  development  of  this  method  serves  as  the  basis  for  the 


This  paper  describes  the  application  of  a 
method  for  direct  determination  of  oxygen, 
developed  on  pure  compounds  (10,  11,  12), 
to  the  complicated  substances,  coal  and 
products  derived  from  it.  The  previously 
described  work  on  this  general  method  of 
analysis  showed  that  knowledge  of  the 
types  of  nitrogen  linkage  in  the  compound 
to  be  analyzed  is  necessary  for  exact  com¬ 
putation  of  the  oxygen  content  from  the 
combustion  data.  When  this  knowledge 
is  not  available,  as  in  the  case  of  coal,  the 
use  of  the  present  analytical  method  per¬ 
mits  one  to  reverse  the  argument  and  draw 
conclusions  regarding  the  type  of  nitrogen 
linkage  predominantly  present  in  the  sub¬ 
stance  analyzed.  In  this  respect  the  paper 
describes  a  method  of  analysis  which  may 
be  used  to  determine  not  only  elementary 
composition,  but  also,  in  part,  chemical 
constitution.  The  fact  that  the  applica¬ 
tion  of  this  method  to  coal  permits  con¬ 
clusions  to  be  drawn  regarding  the  type 
of  the  nitrogen  linkage  present  emphasizes 
that  the  method  has  indirect  as  well  as 
direct  value. 


57 


58 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  1 


procedure.  In  case  of  the  hydrogenation  method,  much  funda¬ 
mental  work  must  undoubtedly  be  done  in  order  to  convert 
it  into  a  micromethod. 

Experimental 

The  apparatus  and  procedure  used  in  the  analyses  on  coal 
and  its  products  are  identical  to  those  used  in  the  studies 
on  pure  organic  compounds  (10,  11,  12). 

In  the  determination  of  the  oxygen  content  of  the  fuel  sam¬ 
ples  the  hypotheses  derived  from  the  work  on  pure  compounds 
were  used.  The  nitrogen  and  sulfur  in  the  fuels,  determined 
by  independent  analyses,  are  considered,  as  a  result  of  thermal 
decomposition,  to  be  present  in  simple  fragments  which  are 
then  oxidized,  under  the  conditions  existing  in  the  combustion 
tube,  yielding  only  elementary  nitrogen,  nitrogen  peroxide, 
and  sulfur  trioxide.  As  has  been  demonstrated  (12)  the  ratio 
of  nitrogen  peroxide  to  nitrogen  is  a  function  of  the  type  of 
nitrogen  linkage  present  in  the  compound.  In  order  to  de¬ 
termine  the  oxygen  content  of  the  fuel  samples,  the  type  of 
nitrogen  linkage  present  must  be  known. 

Very  little  is  known  regarding  the  manner  in  which  nitrogen 
is  linked  in  coal  and  its  derived  products  (17).  Most  authori¬ 
ties  seem  to  agree  that  protein  materials  are  the  source  of 
nitrogen  in  coal.  According  to  Shacklock  and  Drakeley  (20), 
the  amount  of  nitrogen  which  can  be  extracted  from  fuels 
with  33  per  cent  sulfuric  acid  varies  inversely  with  the  rank 
of  the  fuel.  Coalification  appears  to  convert  basic  nitrogen 
compounds  into  substances  of  a  neutral  nature. 

Terres  (21)  has  pointed  out  that  when  bituminous  coal 
is  subjected  to  dry  distillation  the  greatest  part  of  the  nitrogen 
(40  to  65  per  cent)  remains  in  the  coke  in  a  very  thermostable 
form,  10  to  14  per  cent  evolves  as  ammonia,  and  the  residue 
(21  to  50  per  cent)  is  evolved  as  elementary  nitrogen,  cyano¬ 
gen,  or  hydrogen  cyanide  or  is  present  in  the  tar.  Since  some 
ammonia  is  obtained  on  dry  distillation  Terres  concluded  that 
probably  all  the  nitrogen  in  the  coal  first  appears  as  ammonia, 
the  other  nitrogen-containing  substances  being  formed  as  a 
result  of  secondary  reactions  of  the  ammonia.  Terres  dry- 
distilled  a  variety  of  pure  compounds  at  a  temperature  of 
700°  to  900°  C.,  in  an  atmosphere  of  carbon  dioxide,  and 
found  that  only  compounds  containing  amino  or  substituted 
amino  groups  were  capable  of  yielding  ammonia  under  these 
conditions  and  concluded  that  these  groups  must  be  present 
in  coal. 

However,  it  seems  rather  unlikely  that  any  considerable 
number  of  such  chemically  active  groups  as  amino  or  imino 
groups  can  be  present  in  bituminous  coal  after  having  been 
subjected  to  as  rigorous  a  reaction  as  coalification.  The 
amino  group  is  generally  more  reactive  than  the  hydroxyl 
group,  toward  the  same  reagents,  and  bituminous  coal  is 
known  to  contain  very  few  free  hydroxyl  groups  even  though 
the  percentage  of  oxygen  is  much  higher  than  the  percentage 
of  nitrogen.  The  hydroxyl  number  of  coals  also  decreases 
regularly  as  the  rank  of  the  coal  increases  (7).  It  would  seem 
more  reasonable  to  believe  that  the  nitrogen  in  coal  is  bound 
in  a  heterocyclic  linkage  as  a  result  of  condensation  of  amino 
or  substituted  amino  groups  with  other  reactive  groups. 

It  is  well  known  that  on  subjecting  bituminous  coal  to  low- 
temperature  coking,  high-temperature  coking,  and  gasification 
processes,  the  amount  of  nitrogen  in  the  residue  decreases  in 
the  order  named.  The  ammonia  content  of  the  gases  from 
low-temperature  coking  is  low,  is  high  from  high-temperature 
coking,  and  again  low  from  gasification.  The  fact  that  any 
ammonia  is  obtained  on  gasification  is  due  to  the  protection  of 
the  ammonia  against  further  reaction  by  the  presence  of  other 
gases  and  water  vapor.  Muhlert  (17)  states  that  in  the 
absence  of  steam  during  gasification,  the  nitrogen  compounds 
of  coal,  just  as  in  combustion,  yield  no  ammonia  but  are  com¬ 


pletely  decomposed  into  elementary  nitrogen.  In  a  com¬ 
bustion  analysis  the  coal  is,  in  reality,  subjected  successively 
to  all  three  of  the  above-named  reactions.  It  is  conceivable 
that  during  the  first  stages  of  the  combustion  some  ammonia 
would  be  evolved  according  to  Terres’  idea,  but  here  the 
ammonia  is  mixed  with  a  huge  excess  of  oxygen  and  is  not 
protected  from  thermal  decomposition  and  so  would  undergo 
this  reaction  as  well  as  a  high-temperature  catalytic  oxidation. 
In  the  final  stage  of  the  combustion  the  residual  coke  is  gasi¬ 
fied  and  in  this  stage  only  elementary  nitrogen  would  be 
expected. 

On  the  basis  of  the  hypotheses  advanced  in  connection  with 
the  study  of  pure  nitrogen-containing  compounds  (12),  if 
little  or  no  hydrogen  is  attached  to  the  nitrogen  in  the  coal — 
that  is,  postulating  that  the  nitrogen  of  the  coal  is  predomi¬ 
nantly  present  in  a  heterocyclic  linkage — very  little  ammonia 
but  rather  cyanogen  and  perhaps  hydrogen  cyanide  would  be 
expected  as  a  result  of  thermal  decomposition  and  these,  on 
oxidation,  would  yield  nitrogen  peroxide  and  nitrogen.  The 
formation  of  ammonia  could  be  explained,  without  assuming 
its  direct  evolution  from  the  coal,  by  the  reaction  between 
the  cyanogen  and  hydrogen  cyanide  with  water  vapor  which 
is  formed  simultaneously.  It  is  this  type  of  reaction  which  is 
considered  to  occur  when  coke  is  treated  with  steam  in  order 
to  improve  the  yield  of  ammonia,  the  coke  nitrogen  being 
practically  quantitatively  converted  into  ammonia  (2,21),  and 
is  the  basis  of  the  Mond  process. 

Although  the  heterocyclic  linkage  of  nitrogen  in  coal  is 
preferred,  and  since  the  type  of  linkage  is  not  definitely  known, 
it  was  decided  to  calculate  the  percentage  of  oxygen  present 
on  the  assumption  that  (1)  the  nitrogen  is  present  as  hetero¬ 
cyclic  nitrogen  (method  1  in  the  tables) ,  and  (2)  the  nitrogen 
is  present  in  amino  or  amido  groups  (method  2  in  the  tables). 
From  the  work  on  pure  nitrogen-containing  compounds  (12), 
it  was  found  that  the  first-mentioned  type  gave  satisfactory 
results  for  oxygen  when  it  was  postulated  that  59  per  cent  of 
the  nitrogen  was  converted  to  nitrogen  peroxide  and  41  per 
cent  to  nitrogen.  The  second  types  gave  satisfactory  results 
for  oxygen  when  it  was  postulated  that  26  per  cent  of  the 
nitrogen  was  converted  to  nitrogen  peroxide  and  74  per  cent  to 
nitrogen. 

Table  I  gives  the  results  obtained  on  a  bituminous  coal  A, 
Table  II  on  Edenborn  coal,  which  is  being  intensively  studied 
in  this  laboratory,  and  Table  III  on  the  residue  remaining 
after  Edenborn  coal  had  been  subjected  to  the  action  of  5  N 
sodium  hydroxide  solution  for  24  hours  at  300°  C.  Unless 
otherwise  noted,  the  analyses  were  performed  in  the  Coal 
Research  Laboratory  on  microsamples.  In  accordance  with 
the  results  obtained  on  pure  sulfur-containing  compounds  (11), 
all  the  calculations  include  the  complete  oxidation  of  the  sulfur 
present  in  the  sample  to  sulfur  trioxide,  followed  by  absorption 
as  silver  sulfate,  one  atom  of  oxygen  being  consumed  in  the 
last  reaction  for  each  atom  of  sulfur  present. 

In  Tables  I,  II,  and  III  on  the  basis  of  the  first  assumption, 
the  directly  determined  oxygen  is,  with  two  exceptions,  higher 
than  oxygen  calculated  by  difference  and  the  sum  of  all 
directly  determined  constituents  approximates,  but  averages 
slightly  greater  than  100  per  cent.  On  the  basis  of  the  second 
assumption,  the  directly  determined  oxygen  is,  in  every  case, 
lower  than  oxygen  calculated  by  difference  and  the  sum  of  all 
directly  determined  constituents  falls  considerably  short  of 
100  per  cent.  The  data  in  Table  II  also  indicate  the  slow 
oxidation  which  the  Edenborn  coal  has  been  undergoing  dur¬ 
ing  storage.  Both  the  oxygen  determined  directly  and  that 
calculated  by  difference  show  that  the  sample  stored  in  glass 
in  1931  had  oxidized  to  a  smaller  extent  than  a  sample  which 
had  been  stored  in  a  large  steel  drum. 

These  data  on  coals  appear  to  confirm  the  theoretical  de¬ 
ductions  of  Schuster  (18)  regarding  the  absolute  magnitude 
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Table  I.  Coal  Sample  A 


Weight  of 
Sample 

Moisture- 

and 

Oxygen  by 
Difference 

Sum  of  Directly 
Determined 

c 

H 

N 

S 

Ash 

A8Q-r  ree 

C  H 

Moisture- 

Free 

.Direct  Oxygen 
Method  1  Method  2 

Constituents 
Method  1  Method  2 

Mg. 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

6 . 554“ 

82.18 

4.62 

1.24 

0.57 

6.42 

87.83 

4.94 

4.97 

5.14 

3.74 

100  17 

98.77 

98.57 

98.03 

7. 496“ 

82.03 

4.68 

1.24 

0.57 

6.78 

87.99 

5  01 

4.70 

4.67 

3  27 

QQ  Q7 

6.986“ 

82.92 

4.64 

1.24 

0.57 

5.67 

87.90 

4.92 

4.96 

4.40 

2.99 

99  44 

6.792° 

82.79 

4.68 

1.24 

0.57 

5.73 

87.82 

4.96 

4.99 

5.52 

4.11 

100  53 

7.300° 

82.22 

4.68 

1.24 

0.57 

6.21 

87.65 

4.99 

5.08 

5.60 

4  21  - 

100.52 

99.13 

Mean 

82.43 

4.66 

1.24 

0.57 

6.16 

87.84 

4.96 

4.94 

5.07 

3.66 

b 

83.09 

4.70 

1.28 

0.57 

5.91 

88.31 

5.00 

4.45 

83.39 

4.79 

1.21 

0.57 

5.59 

88.33 

5.07 

4.45 

°  Analyzed  November,  1934. 
t  Analyzed  October,  1933,  by  Laboratory  A. 

'  Analyzed  May,  1934;  mean  of  two  determinations. 


Table  II.  Apparent  Atmospheric  Oxidation  of  Edenborn  Coal  Samples  in  Storage 


Weight  of 
Sample 

C 

Mg. 

% 

a 

79.0 

b 

78.27 

c 

78.07 

d 

77.92 

6.906' 

77.54 

7.614“ 

77.41 

7.389' 

77.79 

7.597/ 

78.32 

7.376/ 

78.27 

-Moisture-Free- 

H 

N 

S 

% 

% 

% 

5.1 

1.6 

1.0 

5.26 

1.62 

0.98 

5.21 

1.66 

0.95 

5.15 

1.66 

0.96 

5.27 

1.52 

1.00 

5.14 

1.52 

1.00 

5.15 

1.52 

1.00 

5.09 

1.65 

1.00 

5.06 

1.65 

1.00 

Moisture- 

and 

- N 

Ash-Free 

Ash 

C 

H 

% 

% 

% 

7.6 

85.5 

5.5 

8.39 

85.44 

5.74 

7.98 

84.84 

5.66 

7.90 

84.60 

5.59 

7.96 

84.26 

5.72 

7.96 

84.10 

5.58 

7.96 

84.52 

5.60 

8.00 

85.13 

5.53 

8.07 

85.14 

5.51 

Oxygen  by 
Difference 
MoiBture- 

Direct  Oxygen 

Free 

Method  1 

Method 

% 

% 

% 

5.7 

5.48 

6.13 

6.41 

6.71 

7.50 

5. '78 

6.97 

7.33 

5.62 

6.58 

7.27 

5.58 

5.94 

7.02 

5.15 

5.95 

6.77 

4.89 

Sum  of  Directly 
Determined 
Constituents 
Method  1  Method  2 

%  % 


100.79  99.07 
100.36  98.65 
100.69  99.00 
101.08  99.21 
100.82  98.94 


a  Analyzed  September,  1931  [Bur.  Mines  Tech.  Paper  525  (1932)1. 

&  Analyzed  February,  1933. 
c  Analyzed  May,  1934,  by  Laboratory  A. 

4  Analyzed  July,  1934,  by  Laboratory  A. 

*  Analyzed  December,  1934. 

/  Analyzed  February,  1935.  Sample  ground  and  sealed  (with  paraffin)  in  glass  bottles  in  June,  1931.  Air  displaced  by  natural  gas. 


Table  III.  Alkali-Treated  Edenborn  Coal  Residue 


Weight  of 
Sample 

c 

H 

-  Moisture-Free- 
N 

S 

Ash 

Mg. 

% 

% 

% 

% 

% 

6.636“ 

84.77 

5.28 

1.62 

0.33 

2.19 

7.728“ 

84.86 

5.28 

1.62 

0.33 

2.23 

Mean 

84.82 

5.28 

1.62 

0.33 

2.21 

6 

85.30 

5.41 

1.62 

0.33 

2.12 

°  Analyzed  December,  1934. 
*  Analyzed  October,  1934. 


Moisture-  and 
Ash-Free 

Oxygen  by 
Difference 
Moisture- 

Direct  Oxygen 

Sum  of  Directly 
Determined 
Constituents 

c 

H 

Free 

Method  1 

Method  2 

Method  1 

Method  2 

% 

% 

% 

% 

% 

% 

% 

86.66 

5.40 

5.81 

6.36 

4.52 

100.55 

98.71 

86.79 

5.40 

5.68 

6.39 

4.56 

100.71 

98 . 88 

86.73 

5.40 

5.75 

6.38 

4.54 

87.15 

5.53 

5.22 

•  •  • 

of  the  values  for  oxygen  as  obtained  by  these  methods.  How¬ 
ever,  work  on  pure  compounds  has  shown  that  the  carbon- 
hydrogen  determination  is  rarely  perfect,  the  general  tendency 
in  this  direct  method  being  to  yield  slightly  high  values, 
especially  for  hydrogen.  Since  any  error  in  hydrogen  is  multi¬ 
plied  by  a  rather  large  factor,  the  values  obtained  for  oxygen 
tend  to  be  high  by  about  +0.3  per  cent.  In  fact,  direct  deter¬ 
minations  for  carbon,  hydrogen,  and  oxygen  were  made  on 
samples  of  benzoic  acid  for  the  purpose  of  control,  one  just 
before  the  series  of  coal  analyses  and  one  just  after.  The 
direct  oxygen  values  obtained  in  these  determinations  were 
high  by  +0.32  and  +0.34  per  cent,  respectively.  On  this 
basis,  using  the  sum  of  all  directly  determined  constituents 
as  a  criterion,  the  value  for  oxygen  which  yields  a  sum  slightly 
greater  than  100  per  cent  would  be  preferred.  Such  values 
were  obtained  only  when  using  the  ratio  of  59  per  cent  nitro¬ 
gen  peroxide  to  41  per  cent  nitrogen.  This  is  considered  to 
offer  strong  support  to  the  idea  that  by  far  the  greatest  part 
|  of  the  nitrogen  in  coal  is  present  in  some  form  other  than  amino 
■  or  amido  groups  and  it  is  suggested  that  the  most  likely  form 
would  be  that  of  a  heterocyclic  linkage.  In  connection  with 
the  analyses  made  on  the  residue  from  alkali-treated  Eden- 
bom  coal  (Table  III)  it  should  be  pointed  out  that  any  amide 
I  linkages,  if  present,  would  very  likely  be  hydrolyzed  under 
such  drastic  hydrolytic  conditions.  However,  the  nitrogen 


content  of  this  residue  is  practically  the  same  as  that  of  the 
original  coal  and  only  a  faint  odor  of  ammonia  was  noticed 
on  opening  the  bomb  after  completion  of  the  reaction.  This 
evidence  would  also  indicate  the  absence  of  amido  groups  in 
the  coal  and  justify  the  use  of  the  ratio  of  59  per  cent  nitrogen 
peroxide  to  41  per  cent  nitrogen  in  the  calculations. 

In  order  to  determine  the  magnitude  of  the  error  introduced 
by  the  so-called  “ash  reactions”  mentioned  by  Schuster,  a 
calculation  was  made  using  the  combustion  data  obtained  in 
the  first  December,  1934,  analysis  on  Edenborn  coal.  The 
composition  of  the  ash  from  this  coal  is  available  ( 6 )  and  was 
used  in  calculating  the  mineral  matter  present  in  the  sample 
(£>).  The  oxygen  content  of  the  “hydrate-water”  liberated 
from  the  various  hypothetical  hydrates  as  well  as  the  oxygen 
content  of  the  carbon  dioxide  liberated  from  hypothetical 
carbonates,  is  deducted  from  the  previously  used  value  for  the 
oxygen  present  in  the  combustion  products.  The  amount  of 
“oxygen  consumed”  in  oxidizing  hypothetical  lower  oxides 
and  sulfides  to  ferric  oxide  is  also  calculated  and  subtracted 
from  the  previously  determined  value  for  oxygen  consumed. 
The  formation  of  sulfates  is  not  considered  since,  in  this  coal, 
the  percentage  of  volatile  sulfur  is  practically  identical  to  the 
total  sulfur.  If  the  correction  which  results  from  these  calcu¬ 
lations  is  used,  the  value  for  the  oxygen  present  in  the  sample 
is  lowered  by  0.53  per  cent,  so  that,  on  the  basis  of  26  per  cent 
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Weight  of 
Sample 

c 

H 

Moisture-Free- 

N 

S 

Mg. 

% 

% 

% 

% 

8.792“ 

64.35 

2.76 

4.28 

0.66 

8.708“ 

64.44 

2.70 

4.28 

0.66 

Mean 

64.40 

2.73 

4.28 

0.66 

b 

64.52 

2.73 

4.21 

0.67 

a  Analyzed  December,  1934. 
b  Analyzed  October,  1934. 


L'able  IV.  Standard  Nitro  Humic  Acid 


,,  •  ,  ,  Oxygen  by 

Moisture-  and  Difference 

Ash-Free  Moisture- 


Ash 

C 

H 

Free 

% 

% 

% 

% 

1.00 

65.00 

2.79 

26  95 

1.11 

65.17 

2.74 

26.81 

1.06 

65.09 

2.77 

26.87 

1.19 

65.30 

2.76 

26.68 

Sum  of  Directly- 
Determined 

Direct  Oxy-gen  Constituents 


Method  1 

Method  2 

Method  1 

Method  2 

% 

% 

% 

% 

32.38 

27 . 54 

105.43 

100 . 59 

31.95 

27.09 

105  14 

100.23 

32.17 

27.32 

Table  V.  Coke  Sample  A 


Moisture-  and 


Weight  of 
Sample 

c 

- -Mo 

H 

isture-Free 

N 

s 

Ash 

Ash-I 

C 

Vee 

H 

Mg. 

% 

% 

% 

% 

% 

% 

% 

6.318“ 

89.96 

0.54 

0.86 

0.50 

7.72 

97 . 50 

0.59 

7.257“ 

89.59 

0  59 

0.86 

0  50 

8.01 

97.39 

0.64 

Mean 

89.78 

0.57 

0.86 

0.50 

7.87 

97.45 

0  62 

b 

90.27 

0.54 

0.89 

0 . 57 

7.43 

97  52 

0.58 

c 

89.68 

0.65 

0.86 

0.50 

7.57 

97  03 

0.70 

Difference  Direct  Oxygen  Sum  of  Directly  Determined 

Moisture-  Method  Method  Method  Constituents 


Free 

1 

2 

3 

Method  1 

Method  2 

Method  3 

% 

% 

% 

% 

% 

% 

% 

0.42 

1.61 

0.65 

-0.11 

101.19 

100.23 

99.47 

0.45 

2.16 

1.17 

+  0.41 

101.71 

100.72 

99.96 

0.44 

0.30 

0.74 

1.89 

0.91 

+0.15 

a  Analyzed  December,  1934. 
b  Analyzed  October,  1933,  by  Laboratory  A. 
c  Analyzed  May,  1934;  mean  of  two  determinations. 


nitrogen  peroxide  to  74  per  cent  nitrogen  it  becomes  5.24  per 
cent  and  on  the  basis  of  59  per  cent  nitrogen  peroxide  to  41 
per  cent  nitrogen,  6.97  per  cent.  The  latter,  preferred  value 
now  agrees  fairly  satisfactorily  with  the  oxygen  calculated 
by  difference  but  is  still  slightly  higher.  The  sum  of  all 
directly  determined  constituents  becomes  98.53  and  100.26 
per  cent,  respectively.  This  indicates  eA’en  more  clearly  the 
likelihood  of  the  nitrogen  in  the  coal  being  present  as  a 
heterocyclic  or  similar  linkage.  The  deviation  of  the  sum  of 
the  constituents  from  100  per  cent  in  the  last  case  cited  is 
practically  identical  to  the  deviations  of  the  control  analyses 
in  which  benzoic  acid  was  used. 

Two  analyses  were  made  of  a  “nitro”  humic  acid  prepared 
by  boiling  Edenborn  coal  with  N  nitric  acid  for  one  week. 
This  treatment  increased  the  nitrogen  content  from  1.52  to 

4.28  per  cent.  Such  a  reaction  involves  fairly  drastic  hydroly¬ 
sis  and  it  is  doubtful  if  any  amide  groups  could  survive. 
Calculating  the  results  on  the  basis  of  59  per  cent  nitrogen 
peroxide  formation  (method  1)  gave,  in  this  case,  the  un¬ 
reasonable  total  of  105.43  and  105.14  per  cent  for  the  sum  of 
directly  determined  constituents.  When  calculated  on  the 
basis  of  26  per  cent  nitrogen  peroxide  formation  (method  2), 
the  sum  of  directly  determined  constituents  was  100.59  and 

100.28  per  cent.  Since  the  oxygen  values  for  the  original 
coal  were  satisfactory  when  calculated  by  method  1  and  un¬ 
satisfactory  when  calculated  by  method  2,  it  was  anticipated 
that  method  1  would  also  yield  satisfactory  results  for  the 
nitro  humic  acid.  However,  as  indicated  above,  the  reverse 
is  true.  As  observed  from  a  comparison  of  the  elementary 
analyses  of  the  original  coal  and  the  nitro  humic  acid,  the 
nitric  acid  treatment  reduced  the  carbon  content  from  78  to 
64  per  cent,  the  hydrogen  from  5.2  to  2.7  per  cent,  and  the 
ash  from  8  to  1  per  cent,  and  increased  the  nitrogen  from  1.5 
to  4.3  per  cent.  Aside  from  these  changes,  one  would  hardly 
expect  such  a  deep  seated  change  in  the  “nucleus”  of  the  origi¬ 
nal  coal  as  to  invalidate  the  method  of  calculation  which 
yielded  satisfactory  oxygen  values  for  the  original  coal,  nor 
would  one  expect  any  extensive  change  in  type  of  the  nitro¬ 
gen  linkage  of  the  nitrogen  present  in  the  original  coal,  such 
as  conversion  from  heterocyclic  to  amino  or  amido  linkages. 

How  can  this  apparent  anomaty  be  explained?  According 
to  Fuchs  (<§),  when  coal  is  heated  with  nitric  acid  the  coal  is 
oxidized  and  the  nitric  acid  is  reduced  to  nitrous  acid.  The 
latter  reacts  with  active  methylene  groups  in  the  coal  forming 
isonitroso  ketones: 


O  O 


\ 

C— H2  +  0=N — O — H  — >  C=N — O — H  +  H-0 

/  / 

On  combustion,  the  fate  of  the  nitrogen  in  an  isonitroso 
ketone  will  depend,  according  to  the  hypotheses  previously 
mentioned,  upon  what  happens  on  pyrolysis  and  subsequent 
oxidation  of  the  pyrolytic  products.  In  a  study  of  the  action 
of  heat  on  ketoximes,  which  are  closely  related,  structurally, 
to  isonitroso  ketones,  Kotz  and  Wunstorf  (13)  found  that 
certain  of  these  substances,  in  an  atmosphere  of  carbon  dioxide 
and  at  temperatures  as  low  as  170°  C.,  react  practically  quan¬ 
titatively  : 

R  R 

3  \c=N— O— H  — >  3  ^>C=0  +  NH3  +  N, 

Ri  Ri 

If  it  is  assumed  that  the  original  nitrogen  present  in  the 
coal  is  not  affected  by  the  nitric  acid  treatment,  then  35.5 
per  cent  of  the  total  nitrogen  in  the  nitro  humic  acids,  on 
thermal  decomposition  and  oxidation  would  be  transformed 
into  nitrogen  peroxide  and  nitrogen  in  the  ratio  59  to  41.  The 
balance  of  the  nitrogen,  according  to  the  above  equation, 
would  be  converted  into  ammonia  and  nitrogen  in  the  ratio 
33.3  to  66.7.  This  ammonia  would  then  be  oxidized  to  nitro¬ 
gen  peroxide  and  nitrogen  in  the  ratio  26  to  74.  The  net 
result  of  this  series  of  reactions  would  yield,  by  calculation, 
26.5  per  cent  of  the  nitrogen  as  nitrogen  peroxide  and  73.5 
per  cent  as  elementary  nitrogen,  which  is  approximately  the 
ratio  which  was  found  to  yield  satisfactory  results  for  oxygen 
in  this  sample.  This  agreement  would  appear  to  explain  the 
anomaly  mentioned  above  and  also  justify  the  use  of  the 
ratio  of  26  per  cent  nitrogen  peroxide  to  74  per  cent  nitrogen 
for  this  particular  substance  and  also  confirm  Fuchs’s  idea  that 
the  nitrogen,  added  to  coal  on  treatment  with  nitric  acid,  is 
present  in  the  form  of  an  isonitroso  ketone  linkage.  The 
data  are  summarized  in  Table  TV. 

Finally,  two  analyses  were  made  on  a  sample  of  coke.  The 
results  are  given  in  Table  V.  When  calculated  on  the  basis  of 
59  per  cent  nitrogen  peroxide  to  41  per  cent  nitrogen,  the  sum 
of  all  directly  determined  constituents  is  101.19  and  101.71 
per  cent,  whereas,  when  calculated  on  the  basis  of  26  per  cent 
nitrogen  peroxide  to  74  per  cent  nitrogen,  the  sum  is  100.23 
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and  100.72  per  cent,  which,  as  in  the  case  of  the  original  coal, 
appears  to  be  a  more  reasonable  figure. 

According  to  Muhlert  (17),  gasification  of  coke  in  the  ab¬ 
sence  of  steam  yields  no  ammonia,  the  nitrogen  present  being 
evolved,  as  in  combustion,  exclusively  as  elementary  nitrogen. 
In  the  present  work  the  combustion  was  conducted  in  an 
atmosphere  of  dry  oxygen,  and  since  coke  contains  a  very 
low  percentage  of  hydrogen  there  is  little  opportunity  for 
steam  formation.  Muhlert  also  points  out  that  the  hydrogen 
in  coke  does  not  take  part  in  the  formation  of  ammonia  during 
gasification.  Van  der  Ley  and  Wibaut  (14)  likewise  state 
that  thermal  decomposition  of  the  carbon-nitrogen  complex 
in  coke  prepared  from  coal  begins  at  about  800°  C.  and  is 
still  slow  at  1000°  C.,  the  nitrogen  being  split  out  solely  in  the 
elementary  form. 

On  the  basis  of  this  information  calculations  were  made 
assuming  that  all  of  the  nitrogen  of  the  coke  was  evolved  as 
elementary  nitrogen  (method  3,  Table  V).  The  direct  oxygen 
values  obtained  were  —0.11  and  +0.41  per  cent,  the  sum  of 
all  directly  determined  constituents  being,  respectively,  99.47 
and  99.96  per  cent.  While,  in  general,  summations  of  over 
100  per  cent  are  preferred,  because  of  the  tendency  of  this 
method  to  yield  high  results,  it  is  possible  in  this  case  that 
they  are  low  because  of  the  fact  that  the  nitrogen  values  for 
the  coke,  determined  by  the  micro-Kjeldahl  method,  are 
probably  low.  The  oxygen  values,  calculated  on  the  assump¬ 
tion  that  the  nitrogen  of  the  coke  is  all  evolved  as  elementary 
nitrogen,  are  lower  than  those  calculated  on  the  other  bases 
and  also  lower  than  those  calculated  by  difference,  which  is, 
perhaps,  the  direction  which  many  fuel  chemists  feel  the 
oxygen  values  in  coke  should  tend. 

Summary 

The  gasometric  microcombustion  method  for  the  direct 
determination  of  carbon,  hydrogen,  and  oxygen  has  been 
applied  to  the  analysis  of  two  samples  of  bituminous  coal  as 
well  as  to  an  alkali-treated  coal  residue,  a  nitro  humic  acid, 
and  a  coke  all  derived  from  a  bituminous  coal. 

With  the  knowledge  available  from  the  work  on  pure  nitro¬ 
gen-containing  compounds  (12),  this  method  not  only  directly 
determines  the  oxygen  content  of  fuels,  but  also  enables  cer¬ 
tain  deductions  to  be  drawn  as  to  the  probable  type  of  nitro¬ 
gen  linkage  present  in  the  various  fuels  analyzed.  From  the 
results  obtained  it  is  indicated  that  the  nitrogen  present  in 


bituminous  coal  exists  in  some  linkage  other  than  that  of  an 
amino  or  amido  group,  a  heterocyclic  linkage  being  preferred. 
In  the  case  of  the  nitro  humic  acid,  evidence  is  given  which 
confirms  the  idea  that  treatment  of  a  bituminous  coal  with 
nitric  acid  introduces  nitrogen  in  the  form  of  an  isonitroso 
ketone  linkage.  In  the  case  of  coke  the  best  results  for  oxygen 
are  obtained  on  the  assumption  that  all  the  nitrogen  is  evolved, 
during  combustion,  in  the  elementary  state. 

The  preferred,  directly  determined  oxygen  values  are,  with 
the  exception  of  those  obtained  in  the  coke  analyses,  higher 
than  the  values  obtained  for  oxygen  when  calculated  by  dif¬ 
ference.  In  the  case  of  coke,  the  preferred  direct  results  for 
oxygen  are  lower  than  those  calculated  by  difference. 
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A  Precision  Pycnometer  for  Liquids 

S.  T.  YUSTER1  AND  L.  H.  REYERSON,  School  of  Chemistry,  University  of  Minnesota,  Minneapolis,  Minn. 


DURING  some  work  on  the  concentration  and  reactions 
of  heavy  water,  it  was  necessary  to  follow  changes  in 
composition  by  density  measurements.  Since  numerous  de¬ 
terminations  were  to  be  made  and  very  slight  changes  in  den¬ 
sity  detected,  the  method  had  to  be  both  simple  and  accurate. 
Several  common  types  of  laboratory  pycnometers  were  tried, 
but  the  results  were  not  very  satisfactory.  The  chief  faults 
found  were  difficulty  of  thermostating  both  the  liquid  and 
container,  evaporation  losses  at  ground-glass  joints,  loss  of 
liquid  during  filling  (very  important  in  handling  expensive 
liquids),  and  difficulty  of  determining  the  density  at  some 
definite  temperature. 

1  Present  address,  School  of  Mineral  Industries,  The  Pennsylvania  State 
College,  State  College,  Pa. 


After  preliminary  work,  the  pycnometer  shown  in  Figure  1 
was  evolved,  and  is  believed  to  eliminate  the  faults  enumer¬ 
ated  above.  It  is  16.25  cm.  (6.5  inches)  long  with  capillary 
tubing  having  an  outside  diameter  of  4  mm.  and  an  inside  di¬ 
ameter  of  0.75  mm.  The  size  of  the  bulb  is  limited  by  the 
size  of  the  sample  available  or  the  accuracy  desired.  Sizes 
from  0.1  to  25  cc.  have  been  used. 

The  liquid  reservoir  should  be  a  test  tube  long  enough  to 
allow  the  pycnometer  with  cap  removed  to  touch  the  bottom 
and  with  just  enough  clearance  at  the  top  to  allow  the  stop¬ 
cock  to  turn.  The  diameter  of  this  tube  should  be  such  that 
no  partial  vacuum  is  created  when  the  filled  pycnometer  is  re¬ 
moved.  Too  close  a  fit  will  cause  some  of  the  contents  to  be 
removed.  A  thin  rubber  stopper  which  has  been  slit  from  the 
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periphery  to  the  center  will  serve  very  well  as  a 
stopper  for  the  ensemble.  It  should  contain  a 
tiny  hole  to  admit  air  during  the  filling. 

After  thorough  cleansing  with  acid  dichro- 
mate,  the  stopcock  should  be  greased  on  the 
inner  part  only.  Since  the  pycnometer  is 
wiped  after  handling,  any  weight  lost  due  to 
the  removal  of  stopcock  lubricant  would  in¬ 
troduce  an  error. 

The  test-tube  reservoir  should  contain 
slightly  more  liquid  than  is  necessary  to  fill  the 
pycnometer.  If  more  than  this  is  used,  the 
pycnometer  contents  will  be  under  a  slight 
hydrostatic  back  pressure  which  when  re¬ 
moved  will  cause  the  liquid  level  to  fall  below 
the  mark.  It  is  therefore  well  to  have  a  mark 
on  the  test  tube  to  indicate  the  proper  liquid 
level. 

In  determining  the  density  of  a  liquid,  the 
procedure  was  as  follows: 

With  the  liquid  up  to  the  mark  in  the  test- 
tube  reservoir,  the  pycnometer  without  its  cap 
was  carefully  inserted  and  the  rubber  stopper  set 
in  place.  This  ensemble  was  clamped  into  a 
glass- walled  thermostat  with  the  lip  of  the  test  tube  only  a  short 
distance  from  the  surface  of  the  thermostat  water,  and  allowed 
to  come  to  thermal  equilibrium  (about  an  hour). 

A  rubber  tube  was  connected  to  the  stopcock,  which  in  turn 
was  connected  to  a  three-way  stopcock,  a  100-cc.  reservoir  (to  pre¬ 
vent  any  water  from  the  leveling  bulb  from  draining  into  the 
pycnometer),  and  a  leveling  bulb  filled  with  water.  The  pyc¬ 
nometer  stopcock  was  opened  and  the  three-way  stopcock  ad¬ 
justed  so  that  water  could  be  drawn  up  into  the  bulb.  When  the 
water  was  almost  up  to  the  upper  capillary,  the  three-way  stop¬ 
cock  was  turned  to  allow  the  leveling  bulb  to  make  the  careful 
final  adjustment.  Great  care  must  be  used  in  bringing  the  liquid 
up  to  the  mark,  as  capillary  action  tends  to  draw  it  up.  A  screw 
arrangement  on  the  leveling  bulb  will  help  this.  The  greatest 
accuracy  is  attained  if  the  meniscus  is  brought  up  to  the  mark  and 
the  pycnometer  stopcock  closed,  instead  of  going  past  the  mark 
and  then  bringing  it  back. 

With  the  pycnometer  filled  to  the  mark,  it  was  removed  from 
the  test  tube,  the  stopper  removed,  quickly  wiped  with  a  down¬ 
ward  sweep  of  a  towel,  and  the  ground-glass  cap  placed  on  it.  The 
rest  of  the  pycnometer  was  then  wiped.  It  was  suspended  in  the 
balance  in  a  vertical  position  by  means  of  a  small  stirrup  which 
hooked  around  the  stopcock.  After  remaining  in  the  balance  for 
a  standardized  period  of  time,  the  weight  was  taken. 

Under  carefully  controlled  conditions  and  using  a  good 
analytical  balance,  it  was  possible  to  check  weights  to  0.1  mg. 

The  pycnometer  has  the  disadvantage  that,  in  working  with 
a  liquid  having  a  high  vapor  pressure  at  room  temperature, 
the  interval  between  filling  and  weighing  must  be  short,  as 
the  vapor  pressure  of  the  liquid  tends  to  force  it  slowly  out  of 
the  pycnometer.  This  might  be  overcome  by  placing  the 
small  opening  in  the  cap  nearer  the  ground-glass  joint  and 
allowing  the  liquid  to  drip  into  the  cap  during  a  weighing. 

Received  October  28,  1935. 
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Znsrc  Pigments  in  Paper  Affect  Alpha  Cellulose,  Copper 
Number,  and  Acidity  Tests.  Consideration  of  fiber  purity  in 
terms  of  alpha  cellulose  content  and  copper  number  has  been 
recommended  by  the  National  Bureau  of  Standards  in  choosing 
record  papers  that  are  required  to  have  a  long  life.  It  has  been 
found,  however,  that  when  papers  contain  zinc  pigments,  the  test 
values  obtained  by  the  present  methods  are  affected.  P.  F.  Weh- 
mer,  chairman  of  the  TAPPI  Subcommittee  on  Chemical  Meth¬ 
ods  for  Paper  Testing  has  reported  that  amounts  of  zinc  sulfide 
commonly  used  in  papers  appreciably  increase  the  test  values  for 
both  alpha  cellulose  and  copper  number.  Furthermore,  that  the 
total  acidity  value,  obtained  by  titration  of  an  aqueous  extract  of 
the  paper,  is  reduced.  Until  modified  testing  procedures  can  be 
developed  to  avoid  the  errors  caused  by  the  zinc  pigments,  the 
probable  stability  of  papers  containing  them  must  be  judged  in 
some  other  way.  Another  criterion  recommended,  is  the  amount 
of  folding  endurance  retained  by  paper  on  heating  it. 


An  Apparatus  for  Sugar  and 
Other  Titrations 

EDWARD  S.  WEST 

University  of  Oregon  Medical  School,  Portland,  Ore. 


FOR  a  num¬ 
ber  of  years 
the  writer  has 
been  using  a 
titration  appara¬ 
tus  in  sugar  de- 
terminations 
which  has  made 
the  work  a  great 
deal  easier  and 
also  improved 
the  accuracy. 
Because  of  the 
interest  shown  in 
the  apparatus  by 
workers  who 
have  seen  and 
used  it,  an  illus¬ 
tration  and  brief 
description  of  it 
is  given. 

As  shown  in  the 
figure,  a  vacuum 
windshield  motor 
(which  may  be  of 
any  good  type)  is 
connected  by  a 
side  arm  (6.25 
cm.,  2 . 5  inches 
long)  to  a  vertical 
metal  shaft  (0.47 
X  26.25  cm., 

0.1875  X  10.5  inches)  by  means  of  a  small  coil  spring.  The  shaft 
runs  through  a  short  glass-tube  bearing.  The  lower  end  of  the  shaft 
is  attached  to  the  glass  stirring  rod  by  a  short  piece  of  pure  gum 
tubing.  The  25-cc.  buret  (preferably  graduated  in  0.05-cc.  inter¬ 
vals)  is  fitted  with  a  20-gage  stainless-steel  hypodermic  needle 
(cut  to  2.5  cm.,  1  inch,  length)  by  means  of  a  piece  of  pure  gum 
tubing.  The  writer  cuts  the  tip  of  the  buret  to  fit  snugly  into 
the  hub  of  the  needle.  The  buret  is  fitted  with  a  siphon  auto¬ 
matic  leveling  device  by  fastening  a  glass  tube,  with  vent  hole, 
over  the  top  through  which  passes  a  tube  into  the  buret.  The 
tip  of  the  tube  should  be  constricted  and  preferably  ground. 
It  is  placed  so  that  when  the  titrating  solution  is  pumped  into  the 
buret  above  the  zero  mark  and  the  pressure  released  in  the  flask, 
the  solution  is  siphoned  to  the  zero  mark  on  the  buret.  The 
leveling  device  should  be  well  supported. 

The  glass  stirring  rod  should  extend  almost  to  the  bottom  of 
the  sugar  tube  on  the  down  stroke.  Either  a  loop  or  spiral  rod  is 
satisfactory,  the  spiral  type  being  somewhat  preferable.  The 
buret,  stirring  rod,  and  sugar  tube  are  placed  so  that  the  tube 
can  be  easily  slipped  into  or  out  of  the  clamp  when  the  stirring 
rod  is  raised. 


The  vacuum  motor  may  be  driven  by  a  good  water  pump 
or  other  suitable  source  of  vacuum  and  the  speed  of  stirring 
controlled  by  inserting  a  T-tube  and  screw  clamp  in  the 
vacuum  line. 

The  20-gage  needle  tip  delivers  about  0.008  cc.  of  aqueous 
solution  per  drop  and  insures  good  buret  drainage  and  ac¬ 
curate  end  points. 

The  apparatus  obviously  may  be  used  for  many  different 
kinds  of  titrations,  though  acid  solutions  should  not  be  passed 
through  the  needle  tip.  A  glass  tip  with  fine  point  may  be 
substituted  for  the  metal  tip  when  acid  solutions  are  used. 
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Detection  and  Separation  of  Difficultly  Soluble 
Compounds  by  Concentrated  Hydriodic  Acid 

EARLE  R.  CALEY  and  M.  GILBERT  BURFORD1 
Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


A  BRIEF  note  published  by 
the  senior  author  (2)  indi¬ 
cated  that  concentrated  hydri¬ 
odic  acid  should  be  a  general 
reagent  of  considerable  value 
for  the  analytical  treatment  of 
compounds  of  low  solubility.  It 
is  especiahy  useful  for  the  ex¬ 
amination  of  compounds  unat¬ 
tacked  by  hydrochloric  acid, 
nitric  acid,  or  aqua  regia,  for 
their  detection  or  separation 
may  be  more  conveniently  ac¬ 
complished  in  many  cases  by 
the  use  of  hydriodic  acid  than 
by  the  fusion  processes  and 
special  methods  usually  em¬ 
ployed.  Since  most  of  these 
new  methods  require  but  small 
quantities  of  hydriodic  acid,  and 
since  much  time  can  often  be 
saved  by  its  use,  its  compara¬ 
tively  high  cost  is  not  a  serious 
objection.  In  this  paper  are  reported  the  results  of  systematic 
analytical  experiments  with  the  following  difficultly  soluble 
compounds  of  common  elements:  stannic  oxide,  aluminum 
oxide,  chromic  oxide,  silicon  dioxide,  barium  sulfate,  stron¬ 
tium  sulfate,  calcium  sulfate,  lead  sulfate,  chromic  dihydro- 
heptasulfate,  silver  iodide,  silver  bromide,  silver  chloride, 
calcium  fluoride,  and  anhydrous  chromic  chloride. 

Preparation  of  Materials 

In  the  majority  of  the  experiments  Merck’s  ordinary  grade  of 
hydriodic  acid  of  specific  gravity  1.70  was  used.  This  not 
only  gives  the  same  general  results  as  the  pure  acid,  but,  as 
it  is  stabilized  by  the  addition  of  1  to  2  per  cent  by  volume  of 
50  per  cent  hypophosphorous  acid,  is  actually  superior  to  the 
pure  acid  for  certain  qualitative  tests,  because  the  reactions 
are  not  obscured  by  the  liberation  of  free  iodine.  For  certain 
experiments,  however,  a  highly  pure  acid  of  similar  concentra¬ 
tion  was  used,  this  being  prepared  either  by  passing  hydrogen 
sulfide  into  a  water  suspension  of  iodine  or  synthetically  by 
using  a  modification  of  the  contact  process  of  Bodenstein  ( 1 ). 

The  various  difficultly  soluble  compounds  were  especially 
prepared  for  the  experiments  by  methods  that  yielded  highly 
pure  products. 

General  Qualitative  Technic 

Samples  carefully  weighed  on  an  assay  balance  were  em¬ 
ployed  in  the  test,  particular  attention  being  paid  to  the  lower 
limit,  of  observable  reaction  in  order  to  determine  the  practical 
sensitivity  for  each  substance.  Small  Pyrex  test  tubes  were 
used  for  holding  samples,  since  2  to  3  ml.  of  acid  were  ample 
for  exhibiting  the  characteristic  reactions.  In  the  case  of 
compounds  unattacked  in  the  cold,  the  tubes  were  partially 
immersed  in  a  beaker  containing  colorless  mineral  oil,  so  that 
the  reaction  mixtures  could  be  heated  to  definite  temperatures. 
In  the  experiments  with  the  sulfates,  lead  acetate  paper  or 
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paper  dipped  into  an  ammonia- 
cal  solution  of  sodium  nitro- 
prusside  was  used  in  testing  for 
the  evolution  of  hydrogen  sul¬ 
fide.  After  decomposition  of  the 
samples  by  acid  treatment,  ap¬ 
propriate  tests  were  made  for 
the  ions  present  in  the  resulting 
solutions. 

Qualitative  Behavior  of 
Individual  Compounds 

As  stated  previously  (3), 
stannic  oxide  is  not  noticeably 
attacked  by  concentrated  hy¬ 
driodic  acid  in  the  cold,  but  at 
temperatures  of  90°  to  95°  C. 
and  above  the  compound  is 
rapidly  converted  superficially 
into  the  red  iodide  according  to 
the  equation 

Sn02  +  4HI  5=*  Snl4  +  2H20 

This  distinctive  reaction  could  be  plainly  observed  on  a 
sample  weighing  only  0.1  mg.  With  samples  weighing  0.3 
mg.  or  more,  continued  heating  causes  the  stannic  iodide  to 
appear  as  a  yellow  to  orange  sublimate  on  the  sides  of  the 
test  tube  above  the  liquid,  any  iodide  remaining  on  the  bot¬ 
tom  of  the  tube  also  changing  to  this  lighter  colored  form.  It 
was  further  noticed  that  if  a  sample  of  stannic  oxide  is  heated 
with  the  acid  for  a  short  time  and  then  allowed  to  cool,  a 
salmon-pink  to  red  color  develops  in  the  solution  above  the 
oxide,  depending  upon  the  amount  of  oxide  taken.  This  is 
an  additional  characteristic  reaction  for  confirming  the  pres¬ 
ence  of  stannic  oxide  when  testing  for  it  in  this  manner. 
Samples  of  the  oxide  weighing  but  0.1  mg.  were  found  sufficient 
to  give  this  color  reaction.  Extraction  tests  with  organic 
solvents  demonstrated  that  this  color  was  not  due  to  liberated 
iodine.  It  seems  likely  that  it  results  from  the  presence  of  a 
complex  formed  between  dissolved  stannic  iodide  and  hydri¬ 
odic  acid,  probably  iodostannic  acid.  No  mention  of  this 
phenomenon  could  be  located  in  the  literature.  There  is  a 
possibility  that  it  might  be  made  the  basis  of  a  general  ana¬ 
lytical  reaction  for  tin. 

In  general,  the  other  insoluble  oxides  exhibit  no  characteris¬ 
tic  reactions  with  concentrated  hydriodic  acid.  When  highly 
ignited  they  are  all  unattacked  by  the  acid. 

It  has  been  shown  (4)  that  the  alkaline  earth  sulfates, 
though  not  decomposed  by  cold  concentrated  hydriodic  acid, 
are  attacked  at  higher  temperatures,  the  decomposition  being 
in  accordance  with  the  general  equation 

MS04  +  10HI  — >-  MI2  +  4I2  +  4H20  +  H2S 

In  the  application  of  this  reaction  for  qualitative  purposes 
the  best  results  are  obtained  at  a  temperature  just  below  the 
boiling  point  of  the  constant-boiling  acid.  The  use  of  boiling 
acid  is  not  advisable,  because  of  danger  from  bumping  and 
the  evolution  of  fumes  that  tend  to  interfere  with  tests  for 


Concentrated  hydriodic  acid  is  a  valuable 
general  reagent  for  the  detection  and  sepa¬ 
ration  of  compounds  that  are  insoluble  in 
hydrochloric  acid,  nitric  acid,  or  aqua  regia. 
It  not  only  reacts  in  a  distinctive  manner 
with  most  of  the  individual  compounds, 
but  mixtures  can  be  analyzed  qualitatively 
by  its  use,  and  certain  pairs  or  groups  of  in¬ 
solubles  can  be  separated  quantitatively. 
Analytical  procedures  based  upon  the  use  of 
this  acid  are  frequently  much  more  rapid 
and  convenient  than  the  fusion  processes 
usually  employed.  The  relatively  high  cost 
of  this  reagent  is  not  such  a  serious  objec¬ 
tion  as  it  may  seem,  for  the  methods  usu¬ 
ally  require  small  volumes  of  hydriodic  acid 
and  the  time  saved  by  its  use  often  more 
than  offsets  the  expense  of  the  acid. 
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hydrogen  sulfide.  On  the  other  hand,  a  temperature  as  low  as 
100°  C.  is  unsuitable,  since  barium  sulfate  then  reacts  too 
slowly.  By  observing  the  best  conditions  it  was  found  that 
definite  indications  of  the  evolution  of  hydrogen  sulfide  were 
given  by  0.1-mg.  samples  of  all  three  alkaline  earth  sulfates, 
especially  when  nitroprusside  paper  was  used.  Lead  acetate 
paper  is  slightly  less  reliable  under  the  conditions  of  the  test, 
because  lead  iodide  formed  by  hydrogen  iodide  fumes  and 
small  amounts  of  condensed  free  iodine  tend  to  obscure  any 
lead  sulfide  that  may  be  formed.  Diluted  acid  is  not  suitable 
for  testing  for  the  presence  of  these  insoluble  sulfates  in  this 
way. 

Even  very  small  samples  of  barium  sulfate  cannot  be  com¬ 
pletely  decomposed  by  hot  concentrated  hydriodic  acid  in  a 
reasonable  time,  but  a  sufficient  concentration  of  barium  ion 
can  be  obtained  in  solution  in  a  few  minutes  to  respond  to 
the  usual  tests.  Before  adding  any  reagent  it  was  found  best 
to  dilute  the  reaction  mixture  to  about  twice  its  original 
volume  and  then  filter.  This  serves  in  the  case  of  barium  sul¬ 
fate  to  remove  any  undecomposed  sample,  and  with  large 
samples  of  strontium  or  calcium  sulfate  it  removes  any  sulfur 
that  may  have  formed  from  the  interaction  of  iodine  and 
hydrogen  sulfide  above  the  reaction  mixture.  The  iodine 
remaining  in  solution  does  not  seriously  obscure  the  usual 
precipitation  reactions  for  the  cations  if  time  is  allowed  for 
precipitates  to  settle.  Definite  reactions  for  barium  by  sul¬ 
furic  acid  precipitation  and  by  the  flame  test  could  be  ob¬ 
tained  on  a  solution  resulting  from  the  treatment  of  a  0.1-mg. 
sample.  Barium  sulfate,  unlike  the  other  two  sulfates,  is 
apparently  not  attacked  by  3 N  or  IN  acid.  In  testing  a 
solution  resulting  from  the  decomposition  of  strontium  sul¬ 
fate,  addition  of  ethyl  alcohol  up  to  50  per  cent  by  volume  is 
necessary  before  testing  with  sulfuric  acid.  By  this  technic 
the  lower  limit  was  found  to  be  about  0.3  mg.  The  lessened 
sensitivity  in  this  case  apparently  results  not  only  from  the 
greater  intrinsic  solubility  of  this  sulfate  as  compared  with 
that  of  barium,  but  also  from  the  adverse  effect  of  a  high 
hydriodic  acid  concentration,  since  after  decomposition  of 
samples  as  small  as  0.1  mg.  with  either  3  N  or  1 IV  acid  stron¬ 
tium  ion  could  be  detected  in  the  resulting  solution  by  the 
above  method. 

After  decomposition  of  calcium  sulfate  samples,  calcium 
ion  was  tested  for  in  the  resulting  solutions  after  neutraliza¬ 
tion  by  the  addition  of  ammonium  oxalate  reagent.  A  com¬ 
plication  enters  here  when  using  hydriodic  acid  stabilized 
with  hypophosphorous  acid,  since  the  latter  apparently  con¬ 
tains  calcium  as  a  usual  impurity.  Employing  the  pure 
constant-boiling  acid,  the  solution  from  a  1.0-mg.  sample  of 
this  sulfate  gave  an  almost  immediate  precipitate  of  calcium 
oxalate.  Samples  smaller  than  this  gave  a  precipitate  only 
on  standing  for  periods  up  to  an  hour,  0.3  mg.  being  about  the 
lower  limit  for  definite  reaction.  The  lessened  sensitivity  of 
the  oxalate  test  for  calcium  under  these  conditions  evidently 
results  from  the  effect  of  high  iodide-ion  concentration  on  the 
solubility  of  calcium  oxalate,  for  when  acid  as  dilute  as  1  N 
was  used  a  definite  reaction  for  calcium  could  be  obtained  in 
the  solution  from  a  0.1-mg.  sample  of  the  sulfate. 

It  will  be  noted  that  the  difference  in  behavior  with  acid  of 
moderate  concentration  can  serve  to  differentiate  barium 
sulfate  from  the  other  two  sulfates.  Hydriodic  acid  appears 
to  be  of  greater  practical  value  for  determining  whether  or  not 
a  given  difficultly  soluble  unknown  contains  sulfate  than  for 
obtaining  a  solution  to  be  used  for  the  usual  wet  tests,  par¬ 
ticularly  when  mixtures  of  alkaline  earth  sulfates  are  en¬ 
countered,  since  then  the  metals  present  can  be  more  readily 
detected  by  flame  or  spectroscopic  tests. 

Lead  sulfate,  like  the  alkaline  earth  sulfates,  is  decomposed 
by  hot  concentrated  hydriodic  acid,  the  reaction  being  in 
accordance  with  the  following  equation: 


PbS04  +  11HI  — HPbL  +  4I2  +  4H20  +  H2S 

Here  again  a  0.1-mg.  sample  was  found  sufficient  to  give  a 
distinct  test  for  hydrogen  sulfide  with  nitroprusside  paper. 
Lead  sulfate  also  dissolves  in  cold  concentrated  hydriodic 
acid  owing  to  complex  formation,  the  resulting  solution  hav¬ 
ing  a  faint  yellow  to  deep  golden  yellow  color,  depending  upon 
the  lead  concentration.  The  reaction  in  this  case  can  be 
represented  by  the  equation 

PbSO*  +  3HI  — >  HPbI3  +  H2S04 

On  dilution  of  a  solution  obtained  in  this  manner  there 
precipitates  out,  by  reason  of  the  decomposition  of  the  iodo- 
plumbous  acid,  characteristic  golden  yellow  lead  iodide  in  a 
very  finely  divided  form.  This  behavior  can  be  used  as  the 
basis  of  an  identification  reaction  for  lead  sulfate.  Unfor¬ 
tunately,  the  test  is  not  very  sensitive  owing  to  the  solubility 
of  lead  iodide,  but  samples  down  to  2.0  mg.  gave  very  satis¬ 
factory  reactions.  For  smaller  samples  a  better  procedure  is 
to  evaporate  the  hydriodic  acid  solution  of  the  sample  to 
dryness  on  the  steam  bath  to  effect  the  decomposition  of  the 
complex.  Any  characteristic  crystals  of  lead  iodide  then  re¬ 
maining  behind  are  easily  recognized.  It  was  found  that  0.1 
mg.  of  the  sulfate  was  sufficient  to  give  a  definite  test,  regard¬ 
less  of  whether  the  samples  were  decomposed  originally  with 
cold  or  with  hot  concentrated  hydriodic  acid. 

The  resistance  of  chromic  dihydroheptasulfate  to  decompo¬ 
sition  by  hot  concentrated  hydriodic  acid  is  approximately 
of  the  same  order  as  that  of  barium  sulfate,  since  complete 
solution  of  even  very  small  samples  is  obtained  only  after 
long  heating.  No  difficulty,  however,  was  experienced  in 
obtaining  a  test  for  hydrogen  sulfide  from  a  sample  weighing 
but  0.1  mg.  In  order  to  obtain  good  tests  for  chromic  ion  in  a 
solution  prepared  by  treating  samples  of  this  sulfate  with 
hydriodic  acid,  it  was  necessary  to  remove  the  excess  acid  by 
evaporation  on  the  steam  bath.  The  residue  was  then  taken 
up  in  a  little  distilled  water,  and  the  perchromate  test  for 
chromium  was  performed  in  the  usual  manner  on  this  solu¬ 
tion.  With  a  sample  weighing  0.5  mg.  the  blue  color  in  the 
ether  layer  was  definite,  but  smaller  samples  gave  uncertain 
or  negative  results. 

The  silver  halides  dissolve  copiously  in  cold  concentrated 
hydriodic  acid,  owing  to  complex  formation.  In  the  case  of 
the  iodide  the  reaction  can  be  expressed  by  the  equation 

3AgI  +  HI  — >■  HAgsL 

With  the  chloride  or  the  bromide  the  reaction  follows  the 
course 

3AgX  +  4HI  — HAgsL  +  3HX 

When  large  enough  samples  are  used  the  hydrogen  halide 
is  expelled  from  solution  with  effervescence,  but  with  very 
small  samples  evolution  of  the  gas  is  not  evident,  since  it 
remains  dissolved  in  the  solution.  These  reactions  are  notice¬ 
ably  hastened  by  increase  in  temperature  and  by  agitation. 
In  all  three  cases  dilution  of  a  solution  obtained  in  this  man¬ 
ner  results  in  the  precipitation  of  finely  divided  silver  iodide 
by  reason  of  the  decomposition  of  the  iodoargentous  acid. 

With  the  volume  of  acid  generally  used  in  these  experiments, 
samples  as  small  as  0.4  to  0.  5  mg.  responded  to  the  test.  In 
order  to  obtain  the  characteristic  precipitation  of  silver  iodide 
on  dilution  when  smaller  samples  were  taken,  it  was  necessary 
either  to  expel  most  of  the  excess  acid  by  evaporation  or  to 
employ  initially  not  more  than  a  few  drops.  When  this  was 
done  no  difficulty  was  experienced  in  obtaining  a  reaction 
from  a  halide  sample  weighing  but  0.1  mg.  With  small 
samples  attempts  to  differentiate  between  the  chloride  and 
bromide  by  collecting  the  evolved  gas  in  a  small  volume  of 
water  and  making  the  appropriate  tests  on  the  resulting  solu- 
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tion  were  not  successful,  owing  largely  to  the  difficulty  of 
preventing  traces  of  hydriodic  acid  from  being  carried  over. 

It  does  not  seem  to  have  been  previously  observed  that 
calcium  fluoride  is  attacked  by  hot  concentrated  hydriodic 
acid  according  to  the  equation 

CaF2  +  2HI  — 5-  Cal2  +  H2F2 

This  reaction,  though  slow  even  in  the  boiling  acid,  takes 
place  rapidly  enough  for  qualitative  purposes.  On  small 
samples  the  decomposition  appears  to  work  about  as  well  as 
when  sulfuric  acid  is  used.  When  the  reaction  was  carried  out 
in  soft  glass  test  tubes  just  below  the  boiling  point  of  the  con¬ 
stant-boiling  acid,  distinct  etching  of  the  walls  of  the  vessels 
took  place  with  samples  as  small  as  3.0  mg.  By  using  a  more 
sensitive  apparatus  consisting  of  a  small  platinum  dish  covered 
with  a  piece  of  perforated  platinum  foil  upon  which  a  micro¬ 
scope  cover  glass  was  placed,  definite  etching  patterns  were 
obtained  from  samples  weighing  0.4  mg.  on  heating  with  the 
usual  volume  of  acid  at  120°  C.  for  20  minutes.  By  using  a 
smaller  volume  of  acid,  a  definite  test  could  be  obtained  with 
0.2  mg.  of  calcium  fluoride.  Parallel  experiments  on  a  ground 
sample  of  pure  fluorite  gave  identical  results. 

Though  dissolved  but  slowly  by  cold  concentrated  hydriodic 
acid,  anhydrous  chromic  chloride  is  rapidly  dissolved  by  the 
hot  acid.  It  was  concluded  as  the  result  of  experiments  that 
the  solution  of  the  compound  by  this  reagent  follows  a  differ¬ 
ent  course  than  when  reducing  agents  like  stannous  chloride 
are  used  to  promote  its  hydration.  That  the  effect  is  non- 
catalytic  with  hydriodic  acid  is  indicated  by  the  fact  that  no 
oxidation-reduction  changes  are  involved,  and  that  acid  of  low 
concentration  is  ineffective.  It  appears  that  a  definite  dis¬ 
placement  reaction  is  involved,  which  can  be  represented  by 
the  equation 

CrCh  (anhydrous)  +  3HI  — >-  Crl3  (hydrated)  +  3HC1 

Actual  evolution  of  hydrogen  chloride  is  observable  when 
sufficiently  large  samples  are  taken.  The  hot  solution  exhibits 
a  characteristic  dark  brown  to  nearly  black  color,  but  when 
cooled  this  changes  to  dark  green,  a  rapidly  reversible  effect 
that  can  be  repeated  indefinitely.  This  change  is  apparently 
connected  with  a  change  in  the  structure  of  the  hydrated 
chromic  iodide  in  solution.  With  very  small  samples,  however, 
the  solution  appears  green  at  all  temperatures.  Though  scarcely 
necessary  because  of  the  characteristic  color  of  the  com¬ 
pound  itself  and  the  color  changes  observable  on  dissolving 
it,  a  confirmatory  test  for  chromium  can  be  made  on  the  solu¬ 
tion  in  the  same  manner  as  described  under  the  sulfate.  Here 
again  the  lower  limit  for  a  positive  reaction  by  the  perchro- 
imate  test  was  reached  with  a  0.5-mg.  sample. 

Qualitative  Experiments  on  Mixtures 

Complete  investigation  of  the  manner  and  extent  to  which 
the  sensitivities  of  the  foregoing  tests  are  affected  by  the 
presence  of  varying  quantities  of  one  or  more  other  difficultly 
|soluble  compounds  would  obviously  require  a  vast  number  of 
experiments.  However,  results  in  certain  representative  cases 
will  serve  to  indicate  the  applicability  of  this  general  method 
for  the  examination  of  unknown  mixtures  of  insolubles.  In 
these  experiments  the  sensitivity  of  the  test  for  a  given  com¬ 
pound  in  the  presence  of  either  100  or  1000  mg.  of  some  other 
compound  was  determined.  In  a  few  cases  the  tests  were 
tried  in  the  presence  of  two  other  difficultly  soluble  com¬ 
pounds. 

Stannic  Oxide  in  Mixtures.  It  was  found  possible  to 
detect  as  little  as  0.1  mg.  of  stannic  oxide  in  the  presence  of 
100  mg.  of  relatively  inert  compounds  like  silica,  chromic 
oxide,  barium  sulfate,  or  calcium  fluoride  when  the  salmon- 
pink  to  red  coloration  which  develops  in  the  acid  was  used  as 


the  basis  of  the  test.  In  the  presence  of  1000  mg.  of  admixed 
compound  0.3  mg.  of  tin  oxide  could  be  detected.  With  the 
exception  of  those  containing  chromic  oxide,  red  particles 
of  stannic  oxide  were  also  observable  in  these  mixtures.  In 
the  case  of  chromic  oxide  mixtures  it  was  necessary,  in  order 
to  obtain  a  reaction  for  the  stated  amounts,  to  filter  the  acid 
solution  through  a  fine-grained,  sintered-glass  filtering  crucible 
before  making  observations,  so  as  to  remove  suspended  fine 
particles  which  tend  slightly  to  obscur-e  the  color  reaction. 
The  definite  formation  of  a  sublimate  of  stannic  iodide  in  all 
the  above  cases  occurred  when  the  quantity  of  tin  oxide 
present  reached  0.5  mg. 

Though  they  react  with  hydriodic  acid,  silver  halides  do 
not  interfere  with  the  color  test.  Experiments  on  mixtures  of 
silver  chloride  and  stannic  oxide  showed  that  the  sensitivity  is 
about  the  same  as  in  the  cases  just  discussed.  The  sublima¬ 
tion  test  is,  however,  slightly  less  sensitive  with  these  particu¬ 
lar  mixtures,  about  0.7  mg.  of  oxide  being  required  to  give  a 
noticeable  sublimate  of  the  iodide. 

In  the  presence  of  compounds  that  react  with  hydriodic 
acid  to  liberate  iodine,  direct  observation  of  the  stannic  oxide 
reactions  is  not  possible.  Thus  with  calcium  or  strontium 
sulfate  mixtures  it  was  necessary  to  decompose  the  sulfate 
completely,  decant,  wash  the  residual  particles  of  stannic 
oxide  and  iodide  with  water,  and  finally  add  fresh  acid,  the 
test  then  being  made  in  the  usual  way.  As  this  manipulation 
entails  slight  losses,  the  test  under  these  conditions  is  not  as 
sensitive.  Lead  sulfate  behaves  similarly,  though  it  is  prefer¬ 
able  to  remove  the  lead  salt  from  the  mixture  with  cold 
concentrated  acid,  followed  by  washing  the  residual  stannic 
oxide  first  with  acetone  and  then  with  water  before  performing 
the  test.  In  this  manner  it  was  possible  to  detect  0.2  mg.  of 
stannic  oxide  in  admixture  with  100  mg.  of  lead  sulfate  or 
0.4  mg.  of  oxide  in  1000  mg.  of  sulfate.  Since  in  the  presence 
of  anhydrous  chromic  chloride  the  intense  color  of  the  solution 
resulting  from  the  treatment  of  the  sample  also  prevents 
observation  of  the  reactions,  it  was  necessary  in  this  case 
likewise  to  decant  and  add  a  fresh  portion  of  acid.  The 
sensitivity  experiments  gave  the  same  results  as  those  on 
lead  sulfate  just  cited. 

Experiments  on  the  detection  of  stannic  oxide  in  the  pres¬ 
ence  of  two  difficultly  soluble  compounds  gave  about  the 
same  results  as  those  with  single  compounds  and  it  therefore 
seems  probable  that  similar  small  amounts  of  the  oxide  can 
be  detected  by  this  test  in  nearly  any  combination  of  in¬ 
solubles  likely  to  be  met  with  in  practice. 

Sulfates  in  Mixtures.  For  most  of  these  experiments 
strontium  sulfate,  taken  as  representative  of  the  group  of 
difficultly  soluble  sulfates,  was  mixed  with  stannic  oxide, 
chromic  oxide,  silver  bromide,  calcium  fluoride,  or  anhydrous 
chromic  chloride.  Since  nearly  identical  results  were  obtained 
with  the  various  binary  mixtures,  experiments  with  the  in¬ 
dividual  pairs  need  not  be  discussed  separately.  With  nitro- 
prusside  paper  evolution  of  hydrogen  sulfide  could  be  detected 
when  0.3  mg.  of  the  sulfate  was  admixed  with  100  mg.  each  of 
these  substances;  with  1000  mg.  of  added  insoluble,  0.5  mg. 
of  strontium  sulfate  gave  a  positive  reaction  in  each  case. 
In  general  the  experiments  indicated  that  no  difficulty  should 
be  experienced  in  detecting  the  presence  of  like  small  amounts 
of  any  of  the  insoluble  sulfates  in  admixture  with  any  com¬ 
bination  of  the  other  difficultly  soluble  compounds. 

Silver  Halides  in  Mixtures.  Silver  iodide  was  taken  as 
representative  of  the  group.  The  presence  of  the  silver  com¬ 
pound  was  detected  in  each  case  by  the  reprecipitation  of 
silver  iodide  on  diluting  the  solution  obtained  by  treatment  of 
the  solid  mixture  with  cold  concentrated  hydriodic  acid.  In¬ 
asmuch  as  certain  of  the  difficultly  soluble  compounds  not 
attacked  by  the  cold  acid  tend  to  remain  in  suspension,  it 
was  necessary  to  filter  the  solution  before  dilution.  In  each 
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case  the  mixture  was  treated  with  2  ml.  of  acid  and  then 
filtered  through  a  fine-grained  sintered-glass  filtering  crucible. 
By  adding  the  clear  solution  to  about  200  ml.  of  water,  definite 
reactions  were  obtained  with  samples  that  contained  down  to 
1.0  mg.  of  silver  iodide  mixed  with  either  100  or  1000  mg.  of 
stannic  oxide,  aluminum  oxide,  chromic  oxide,  barium  sulfate, 
calcium  fluoride,  or  anhydrous  chromic  chloride.  Better  re¬ 
sults  could  be  obtained  if  time  was  first  taken  to  evaporate 
the  filtrate  to  a  volume  of  about  2  drops  before  diluting,  25  ml. 
of  water  being  used  here.  In  this  way  0.1  mg.  of  the  silver 
halide  could  be  detected  in  admixture  with  the  stated  quanti¬ 
ties  of  the  above  substances.  Lead  sulfate  is  apparently  the 
only  difficultly  soluble  compound  that  interferes  with  the 
direct  detection  of  silver  halides  in  mixtures  by  this  method, 
since  lead  iodide  precipitated  on'  dilution  can  effectively  mask 
a  silver  iodide  precipitate.  In  such  a  case  a  convenient  pro¬ 
cedure  is  to  filter  off  the  mixed  iodides  of  lead  and  silver,  and 
place  them  in  a  warm  concentrated  ammonium  acetate  solu¬ 
tion  which,  by  dissolving  the  lead  iodide,  leaves  the  silver 
iodide  in  suspension  so  that  it  can  be  readily  recognized. 

General  Qualitative  Procedure 

From  the  results  of  the  foregoing  experiments  it  is  evident 
that  the  following  scheme  can  be  used  for  the  systematic 
examination  of  an  unknown  insoluble  or  mixture  of  insolubles: 

Add  to  the  dry  powdered  sample  stabilized  hydriodic  acid  of 
specific  gravity  1.70  in  the  proportion  of  about  5  ml.  of  acid  for 
each  gram  of  solid.  After  digesting  with  occasional  stirring  for 
about  5  minutes,  filter,  preferably  through  a  sintered-glass  funnel 
or  crucible,  and  wash  the  residue  with  several  successive  1-ml. 
portions  of  the  concentrated  acid.  The  filtrate  and  washings 
should  be  caught  in  a  test  tube.  Transfer  about  half  the  residue 
to  a  small  test  tube,  add  2  ml.  of  the  acid,  heat  nearly  to  boiling, 
and  examine  for  sulfates  by  testing  for  the  evolution  of  hydrogen 
sulfide.  Allow  the  solution  to  cool  in  order  to  observe  the  forma¬ 
tion  of  a  pink  to  red  coloration  or  a  yellow  to  orange  sublimate 
indicative  of  the  presence  of  stannic  oxide.  If  the  solution  is  deeply 
colored  from  dissolved  iodine,  decant,  and  add  fresh  acid  before 
making  the  tests  for  tin  oxide. 

Use  the  other  half  of  the  residue  for  an  etching  test  in  order  to 
detect  the  presence  of  calcium  fluoride.  Tests  by  conventional 
methods  for  the  presence  of  silica,  silicates,  alumina,  and  other 
resistant  substances  should  then  be  made  on  any  residual  mate¬ 
rial  that  fails  to  react  with  the  hydriodic  acid.  Heat  the  filtrate 
from  the  above  separation  and  test  for  the  evolution  of  hydrogen 
sulfide  in  order  to  detect  dissolved  sulfate.  Then  transfer  the 
solution  to  a  small  dish  and  evaporate  nearly  to  dryness  on  a 
water  bath  in  order  to  observe  the  formation  of  lead  iodide  from 
dissolved  lead  sulfate.  Take  up  the  concentrated  solution  or 
residue  with  about  25  ml.  of  water  to  bring  about  the  precipita¬ 
tion  of  silver  as  iodide.  If  the  presence  of  lead  iodide  interferes 
with  the  silver  test,  the  ammonium  acetate  separation  described 
in  the  preceding  paragraph  should  be  applied.  This  general  sys¬ 
tem  of  examination  should  be  supplemented  by  the  more  usual 
special  tests  on  the  original  material  when  additional  or  confirma¬ 
tory  information  is  required. 

Quantitative  Separations 

It  was  also  found  possible  to  make  accurate  separations  of 
difficultly  soluble  compounds  dissolved  by  hydriodic  acid 
from  those  inert  to  the  action  of  this  acid.  In  quantitative 
experiments,  for  example,  silica  in  the  form  of  quartz,  chromic 
oxide,  crystallized  alumina  in  the  form  of  Alundum,  or  that 
prepared  by  ignition  at  1000°  C.  for  a  number  of  hours, 
suffered  no  detectable  loss  on  being  heated  with  constant¬ 
boiling  acid  at  temperatures  between  that  of  a  water  bath  and 
the  boiling  point  of  the  acid  for  various  periods  ranging  from 
0.5  to  7  hours.  Such  separations  can  be  divided  into  two 
types,  those  that  require  the  use  of  hot  concentrated  acid, 
and  those  that  can  be  made  with  the  unheated  acid. 

Of  the  first  type  are  separations  of  alkaline  earth  sul¬ 
fates  from  such  inert  substances.  Some  results  obtained 


on  mixtures  of  strontium  sulfate  and  silica  are  shown  in 
Table  I. 

Table  I.  Separations  of  Strontium  Sulfate  from  Silica 


Digestion 

SrSOi 

SiOs 

SiC>2 

Difference 

Time 

Taken 

Taken 

Found 

Error 

Min. 

Gram 

Gram 

Gram 

Gram 

80 

0.4119 

0.1005 

0.1008 

+0.0003 

60 

0.4120 

0.0518 

0.0520 

+0.0002 

40 

0 . 4005 

0.1032 

0.1042 

+0.0010 

40 

0.2071 

0.0450 

0.0451 

+0.0001 

30 

0 . 2055 

0 . 0525 

0.0525 

±0.0000 

15 

0.1541 

0.1147 

0.1148 

+  0.0001 

10 

0.1090 

0.4070 

0.4072 

+0.0002 

10 

0 . 0228 

0.1228 

0.1227 

-0.0001 

5 

0.0225 

0 . 0875 

0.0877 

+0.0002 

10 

0.0010 

0 . 0959 

0.0959 

±0.0000 

In  these  experiments  the  carefully  weighed  mixtures  of  sulfate 
and  finely  divided  quartz  were  placed  in  small  flasks  and  treated 
with  10  to  15  ml.  of  the  stabilized  acid,  at  or  just  below  the  boiling 
point.  When  decomposition  of  the  sulfate  appeared  to  be  com¬ 
plete,  as  shown  by  the  times  given  in  Table  I,  the  solutions  were 
diluted  with  water  and  filtered  through  weighed  glass  crucibles. 
After  washing  with  hot  water  the  crucibles  and  their  contents 
were  dried  at  110°  C.  and  weighed. 

The  separation  is  good,  and  is  fairly  rapid  unless  too  much 
strontium  sulfate  is  present.  The  third  result  shows  the  danger 
of  allowing  insufficient  time  for  the  decomposition  when  handling 
larger  amounts.  In  order  to  secure  complete  decomposition  in 
such  cases  it  was  necessary  to  boil  the  acid,  with  constant  stirring 
to  prevent  loss  from  bumping.  In  addition,  high  results  may  be 
due  to  the  separation  of  some  free  sulfur.  For  these  reasons  the 
method  is  best  applied  in  practice  to  mixtures  that  contain  not 
more  than  about  0.2  gram  of  strontium  sulfate. 

A  similar  series  of  experiments  was  made  using  calcium 
sulfate.  In  these  the  time  required  for  complete  decomposi¬ 
tion  was  found  to  be  20  minutes  or  less  even  for  quantities  of 
calcium  sulfate  that  weighed  around  0.5  gram.  The  method  is, 
therefore,  rapid  in  this  case  and  sharp  separations  were  ob¬ 
tained  in  all  the  trials.  The  quantitative  separation  of  inert 
substances  from  barium  sulfate  by  this  process  is  possible, 
but  is  not  feasible  from  a  practical  analytical  viewpoint, 
mainly  because  of  the  long  time  required  for  the  decomposition 
of  even  small  samples  of  this  sulfate. 

That  an  accurate  separation  of  anhydrous  chromic  chloride 
from  silica  can  be  made  with  hydriodic  acid  is  indicated  by 
Table  II. 

Table  II.  Separations  of  Anhydrous  Chromic  Chloride 

from  Silica 


CrCls 

SiOs 

Si02 

Difference 

Taken 

Taken 

Found 

Error 

Grams 

Grams 

Grams 

Gram 

1.0318 

1.0125 

1.0126 

+0.0001 

0.6170 

0.0331 

0.0331 

±0.0000 

0.2269 

0.1120 

0.1119 

-0.0001 

0.1488 

1 . 5854 

1.5852 

-0.0002 

In  these  trials  10-ml.  portions  of  acid  were  used,  and  only 
10-minute  treatments  at  the  boiling  point  were  required,  the 
silica  being  collected  and  weighed  in  glass  crucibles  as  before. 

In  Table  III  are  shown  the  results  of  separations  made  by 
means  of  the  cold  concentrated  acid. 

Table  III.  Separations  of  Difficultly  Soluble  Compounds 

from  Silica 

(By  treatment  of  mixtures  with  cold  concentrated  hydriodic  acid) 


Salt 

Si02 

SiC>2 

Difference 

Salt 

Taken 

Taken 

Found 

Error 

Grams 

Grams 

Grams 

Gram 

PbSOi 

0.4306 

0.0656 

0.0659 

+0.0003 

0.3820 

0.0420 

0 . 0424 

+  0.0004 

0.1193 

0.1080 

0.1081 

+0.0001 

0.1184 

0.1218 

0.1217 

-0.0001 

0.0144 

0.1150 

0.1148 

-0.0002 

0.0011 

0.1299 

0.1297 

-0.0002 

0 . 0009 

0.1027 

0.1025 

-0.0002 

Agl 

1.4292 

1.0121 

1.0121 

±0.0000 

0 . 4826 

0.0354 

0.0357 

+  0.0003 

0.1157 

0.0322 

0.0320 

-0.0002 
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In  these  experiments  the  carefully  weighed  and  mixed  samples 
were  placed  in  glass  crucibles  and  treated  with  the  acid,  three 
successive  5-ml.  portions  being  used  with  the  larger  amounts  of 
lead  sulfate  and  single  10-ml.  portions  for  the  other  runs.  After 
apparently  complete  solution  of  the  salt  in  each  case,  which  took 
but  a  few  minutes,  the  resulting  solutions  were  drawn  through 
the  crucibles  by  suction.  Since  water  decomposes  the  soluble 
complex  compounds  with  the  consequent  precipitation  of  the  io¬ 
dides  in  the  case  of  both  these  salts,  it  could  not  be  used  for  the 
initial  washing.  Experiments  with  other  solvents  having  shown 
that  acetone  was  highly  suitable,  the  remaining  solution  was 
washed  through  the  crucibles  with  successive  portions  of  this 
liquid.  The  final  washings  were  then  made  with  water,  and  the 
residual  silica  was  dried  and  weighed  in  the  usual  way.  Separa¬ 
tions  of  this  sort  are  not  only  rapid  and  very  easy  to  carry  out, 
but  accurate  results  are  obtainable. 


Note  to 

IN  THE  preparation  of  manuscripts  authors  should  address 
themselves  to  specialists  in  their  particular  fields,  rather 
than  to  the  general  reader.  If  the  article  describes  a  new 
method,  the  author  should  endeavor  to  tell  the  complete 
story,  so  that  the  reader  will  not  have  to  wait  for  succeeding 
contributions  or  duplicate  the  unpublished  tests  in  order  to 
find  out  whether  he  can  apply  the  method  in  his  own  work. 

The  following  is  suggested  as  a  general  outline  to  be  fol¬ 
lowed  in  preparing  analytical  methods  for  this  edition : 

1.  Preliminary  statement  or  introduction,  in  which  the 
need  for  the  method  should  be  stated,  brief  reference 
to  other  methods  or  literature  given,  etc. 

2.  Experimental 

Outline  of  proposed  method 
Description  of  apparatus  and  reagents 
Procedure 
Data 

Interfering  substances  or  conditions 
Concentration  range  through  which  the  method  is 
applicable 

Accuracy  of  the  method 
Precision  of  the  method 

3.  Discussion  and  summary 

The  author  should  state  at  the  outset  what  the  original 
features  of  the  paper  are.  If  it  deals  with  a  method  of  analy¬ 
sis,  he  should  give  some  comparison  with  established  methods 
in  point  of  speed,  applicability,  accuracy,  and  cost.  Ex¬ 
tensive  reviews  of  the  literature  should  not  be  given  and 
such  references  as  are  cited  should  be  carefully  checked.  In¬ 
correct  references  are  inexcusable  and  cast  doubts  on  the 
author’s  reliability.  The  theoretical  considerations  on  which 
the  method  is  based  should  be  clearly  set  forth. 

In  the  experimental  part,  previously  published  or  well- 
known  procedures  which  have  been  followed  should  only 
be  designated  or  references  given  to  them.  If,  however,  the 
method  is  new,  the  data  upon  which  it  is  based  should  be 
presented  but  in  no  greater  detail  than  is  necessary  to  prove  its 
soundness.  New  procedures  should  be  clearly  described, 


Concentrated  hydriodic  acid  has  been  found  to  be  an  ex¬ 
cellent  agent  for  the  removal  of  certain  precipitates,  particu¬ 
larly  silver  halides,  from  glass  or  porcelain  filtering  crucibles 
without  causing  vessels  to  lose  weight  appreciably. 
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Authors 

that  readers  can  easily  duplicate  the  work.  Loose  directions 
should  be  avoided,  unless  the  author  knows  that  no  possible 
harm  can  result  from  the  most  liberal  interpretation  that 
can  be  made  of  such  expressions  as  “to  the  faintly  acid  solu¬ 
tion,”  “wash  the  precipitate,”  “ignite,”  etc.  If  new  or  un¬ 
common  reagents  are  needed,  the  author  should  state  their 
probable  cost,  where  they  can  be  purchased  if  rare,  or  how 
they  can  be  prepared,  if  not  on  the  market. 

The  author  should  distinguish  carefully  between  precision 
and  accuracy.  Briefly  but  somewhat  roughly  stated,  ac¬ 
curacy  is  a  measure  of  degree  of  correctness;  precision  is  a 
measure  of  reproducibility.  The  precision  of  a  result  does 
not  necessarily  have  anything  to  do  with  its  accuracy;  it 
serves  merely  as  a  measure  of  the  duplicability  of  the  pro¬ 
cedure  in  the  hands  of  a  given  operator.  No  claim  for  ac¬ 
curacy  should  be  made  unless  the  author  believes  that  he  has 
satisfactorily  established  the  correct  result. 

The  author  should  be  frank  and  define  the  limitations  of  the 
method.  Tests  dealing  with  the  effects  of  foreign  compounds 
should  be  made  on  mixtures  in  which  the  ratios  of  the  com¬ 
pounds  sought  to  the  foreign  compounds  are  varied  and 
simulate  conditions  that  are  likely  to  be  encountered  in 
practice.  If  the  author  has  made  no  such  tests,  he  should 
state  that  he  has  no  knowledge  of  the  effects  of  foreign  sub¬ 
stances.  It  is  desirable  that  possible  applications  of  methods 
should  be  stated. 

A  summary  or  prefatory  abstract  should  acquaint  the 
reader  with  the  main  points  of  the  article.  This  should  give 
concisely  where  possible  the  substances  determined,  nature  of 
material  to  which  determination  is  applicable,  interfering 
substances,  range  of  concentration  to  which  method  is 
applicable,  whether  or  not  a  sensible  constant  error  is  in¬ 
volved^ — that  is,  the  accuracy  of  the  method — and  its  preci¬ 
sion.  Either  the  summary  or  the  prefatory  abstract  is  so 
often  used  by  abstractors  that  the  author  may  well  spend 
considerable  time  in  their  preparation,  in  order  to  be  certain 
that  proper  emphasis  is  given  to  the  main  features  of  the 
contribution. 

Our  “Suggestions  to  Authors”  is  available  to  those  un¬ 
familiar  with  the  form  of  manuscript  and  illustrations  pre¬ 
ferred  by  Industrial  and  Engineering  Chemistry. 


An  Impact  Cutting  Test  for  Tire  Tread  Stocks 

J.  H.  DILLON,  The  Firestone  Tire  &  Rubber  Co.,  Akron,  Ohio 


THE  importance  of  the 
problem  of  pneumatic  tire 
tread  cracking  is  generally  recog¬ 
nized  by  rubber  technologists. 

The  closely  allied  problem  of 
tread  cutting,  however,  has  re¬ 
ceived  comparatively  little  at¬ 
tention  in  the  literature  (2-5, 7) . 

This  fact  is  surprising  in  view  of 
the  possible  causal  nature  of 
cutting  with  respect  to  cracking. 

The  published  work  on  cutting 
of  rubber  stocks,  referred  to 
above,  all  deals  with  what  may 
be  termed  static  tests — that  is, 
the  cutting  tools  employed  were 
applied  to  the  rubber  test  pieces 
with  velocities  much  lower  than  those  with  which  a  tread 
button  impinges  on  an  obstacle  in  normal  sendee.  Some  of 
these  tests  (S,  Ih  5)  were  designed  for  evaluating  cutting  resist¬ 
ance  of  rubber-insulated  electric  conductors.  The  methods 
described  in  these  papers  are  satisfactory  for  evaluating  the 
cutting  resistance  of  rubber  insulating  materials,  but  fail  in 
some  cases  to  evaluate  correctly  the  cutting  resistance  of  tire 
tread  stocks.  In  the  most  recent  of  these  papers,  which  deals 
specifically  with  the  cutting  of  tire  treads,  Clarke  (1 )  using  a 
slow-moving  cutting  tool  (15  cm.,  6  inches,  per  minute)  drew 
conclusions  concerning  the  relative  values  of  various  com¬ 
pounding  ingredients  in  increasing  or  decreasing  cutting  resist¬ 
ance.  None  of  Clarke’s  conclusions  was  radically  different 
from  those  found  in  the  impact  tests  described  in  this  paper. 
(The  unpublished  preliminary  work  on  impact  cutting  tests 
at  this  laboratory,  carried  out  by  J.  H.  Howey  and  B.  A. 
Jones  with  a  small  pendulum  device,  led  to  the  considera¬ 
tions  underlying  the  test  to  be  described.) 


test  it  was  possible  to  use  the 
same  order  of  impact  velocities 
and  forces  with  which  a  tread 
button  impinges  on  a  sharp 
obstacle  in  the  road.  The  exact 
form  of  the  cutting  object 
could  not  be  reproduced.  Thus, 
it  was  necessary  to  use  an  arbi¬ 
trarily  designed  wedge.  A  20° 
steel  wedge  was  selected  mainly 
because  it  gave  reproducible 
cuts  of  reasonable  depths  using 
the  velocities  and  impact  forces 
with  which  a  tread  button 
strikes  an  obstacle. 

The  impact  velocity  of  a 
tread  button  on  an  obstacle  of 
height  y  was  calculated  on  the  assumption  that  the  tire  is 
a  rigid  hoop  of  outer  diameter  2a  rolling  on  a  horizontal  plane 
with  angular  velocity  w.  The  expression  for  the  impact  ve¬ 
locity  V  thus  deduced  from  the  equations  of  a  cycloid  is: 

V  =  uVy  V%a  -  y  (1) 

This  expression  is  only  approximate  for  a  deformable  pneu¬ 
matic  tire  for,  sidewise  bulging  neglected,  only  the  extreme 
shoulder  portions  of  the  tread  have  pure  cycloidal  motion. 
However,  Equation  1  gives  at  least  the  order  of  magnitude  of 
the  impact  velocity  in  the  central  portion  of  the  tread. 

The  impact  force  5  was  calculated  as  follows:  Consider 
a  body  of  weight  P  striking  a  relatively  immovable  body  with 
velocity  V  and  causing  an  instantaneous  deformation  d. 
The  energy  stored  in  the  immovable  body  is  Sd/2  and  is  equal 
to  the  sum  of  the  kinetic  energy  of  the  moving  body  at  im¬ 
pact  (PV2/'2g)  and  the  work,  Pd,  done  by  the  movable  body 
in  traversing  the  distance  d.  Hence, 


The  problem  of  tire  tread  cutting  is  dis¬ 
cussed  in  relation  to  the  various  measurable 
characteristics  of  rubber  stocks  such  as  tear 
resistance,  cracking  resistance,  and  hard¬ 
ness.  Theoretical  reasons  are  given  for 
selecting  a  high-speed,  high-load,  knife- 
impact  test  for  the  laboratory  evaluation  of 
the  cutting  resistance  of  tread  stocks.  The 
impact  cutting  device  used  in  this  work  is 
described  in  detail  and  results  obtained 
with  it  are  discussed  in  their  relations  to 
the  physical  variables  involved,  compound¬ 
ing  trends,  and  road  tests. 


Theoretical  Aspects  of  Tread  Cutting 

It  should  be  borne  in  mind  that  the  cutting  resistance  of  a 
rubber  stock  is  a  very  complex  function  of  several  interrelated 
factors,  some  of  which  are  themselves  complex.  The  most 
important  of  these  factors  are  hardness,  tear  resistance,  elastic 
modulus,  tensile  strength,  aging  resistance,  and  temperature. 
At  first  thought,  it  might  seem  desirable  to  determine  the 
functional  relationship  between  cutting  resistance  and  these 
factors  and  thus  evaluate  cutting  resistance  in  terms  of  simpler 
quantities.  This  procedure  has  not  proved  practicable  in 
the  experiments  performed  in  this  laboratory,  for  it  was  not 
found  possible  to  express  this  relationship  as  a  simple,  single¬ 
valued  function.  For  example,  it  was  foimd  that,  in  general, 
cutting  resistance  increased  with  increasing  hardness  but, 
in  certain  cases,  a  stock  with  a  greater  hardness  than  another 
stock  was  worse  from  the  standpoint  of  cutting.  Hence,  it 
was  concluded  that  cutting  resistance  should  be  evaluated  by 
a  special  cutting  test. 

A  distinction  should  be  made  between  initiation  of  a  cut 
in  a  tire  tread  and  the  consequent  growth  of  the  cut  into  a 
cracking  or  chipping  failure.  The  initiation  of  the  cut  de¬ 
pends  on  that  property  which  will  hereafter  be  referred  to  as 
“cutting  resistance.”  The  growth  of  the  cut  depends  greatly 
on  tear  resistance,  which  itself  is  a  function  of  frequency  of 
flexing,  resistance  to  oxidation,  and  many  other  factors. 

In  developing  an  empirical  test,  which  a  cutting  test  must 
be,  it  is  desirable  to  incorporate  in  it  as  accurately  as  possible 
the  factors  existing  in  sendee.  In  the  case  of  the  cutting 


Sd 

2 


PV2 

V-  +  Pd 

2  g 


(2) 


If  e  is  the  static  deformation  for  a  load  P,  by  Hooke’s  law 


S  d 

P  e 

(3) 

Eliminating  d  from  Equations  2  and  3  gives 

P2TT2 

eS 2  2  ePS  =  0 

g 

(4) 

The  solution  of  Equation  4  is 

s  =  p  +  p  Ji+^! 

\  eg 

(5) 

which  relates  the  momentary  maximum  force  or  impact  force 
S  and  the  static  load  P.  (This  equation  is  not  original  with 
the  author  but  is  derived  here  for  the  convenience  of  the 
reader.  For  a  similar  expression  see  6.) 

Equation  5  can  be  applied  directly  to  the  case  of  a  cutting 
obstacle  impinging  on  a  tire  with  velocity  V  given  by  Equa¬ 
tion  1.  Thus  by  Equations  1  and  5, 

S  =  P  +  P  Jl  +^(2a-y) 

(6) 

or,  for  small  values  of  y  (o  <  y  <  2.5  cm.)  where  e  = 

y, 

S  =  P  +  P  ^  1  +  ^y-2 

(7) 

68 


JANUARY  15,  1936 


ANALYTICAL  EDITION 


69 


In  Equation  7,  o>  and  a  are  known.  The  factor  P  is  simply  a 
function  of  y  or  the  static  load  applied  to  a  cutting  edge  to 
cause  a  deflection  y  without  actually  cutting  the  rubber. 

In  order  to  determine  P  for  various  static  deflections  e,  a 
device  was  employed  by  means  of  which  a  20°  steel  wedge 
was  pressed  against  the  contact  area  of  the  tread  of  a  nor¬ 
mally  inflated  and  loaded  tire.  In  this  manner,  a  load-deflec¬ 
tion  curve  was  determined  from  which  the  values  of  P  cor¬ 
responding  to  various  values  of  e  =  y  were  directly  obtained. 
Inserting  these  values  of  P  into  Equation  4,  the  impact  force 
S  was  calculated.  Values  of  impact  velocity  and  impact 
force,  calculated  from  Equations  1  and  7,  respectively,  are 
given  in  Table  I. 

Table  I.  Impact  Velocity  and  Impact  Force 

(Heavy-duty  tire  81  X  15.2  cm.;  rolling  radius,  38.9  cm.) 

Obstacle  Height  Obstacle  Height  Obstacle  Height 
0.25  Cm.  0.62  Cm.  2.5  Cm. 

Car  Speed  Velocity  Force  Velocity  Force  Velocity  Force 


Km. /hr. 

Cm./ sec. 

Kg. /cm. 

Cm. /sec. 

Kg.  /cm. 

Cm. /sec. 

Kg. /cm. 

16.1 

52 

62 

79 

163 

158 

775 

32.2 

104 

124 

158 

326 

316 

1550 

64.4 

208 

248 

316 

652 

632 

3100 

96.6 

312 

372 

474 

978 

948 

4650 

The  simplest  type  of  apparatus  which  could  be  used  with 
these  values  of  impact  velocity  and  force  appeared  to  be  a 
steel  knife  falling  freely  under  gravity.  For  such  a  device, 
the  impact  velocity  would  be  determined  by  the  height  of  free 
fall  and  the  impact  force  by  the  load  attached  to  the  falling 
knife.  The  relation  between  the  load,  L,  on  the  knife  and 
the  impact  force  is  obtained  directly  from  Equation  2  by  re- 

•  ~v  ^ 

placing  2^-  by  h  and  takes  the  form 

S-2i(‘+s)  (8> 

where  h  is  the  height  of  fall  and  d  is  the  depth  of  penetration 
of  the  knife  before  cutting  occurs. 

In  the  impact  cutting  device,  described  in  detail  below,  the 
impact  velocities  ranged  from  300  to  600  cm.  per  second,  and 
the  impact  forces  varied  from  360  to  1200  kg.  per  cm.  of  knife 
edge.  Comparing  these  actual  values  of  velocity  and  force 
jused  on  the  apparatus  with  the  calculated  values  of  Table  I, 
it  is  seen  that  the  impact  cutting  device  could  be  operated 
under  conditions  approximating  those  found  in  road  service. 

It  is  true  that  the  tread  rubber  on  a  tire  is  mounted  on  a 
pneumatic  base,  whereas  the  test  piece  of  the  impact  cutting 
test  was  a  rubber  block,  12.7  cm.  (5  inches)  in  length,  1.9 
2m.  (0.75  inch)  in  width,  and  3.8  cm.  (1.5  inches)  in  height, 
mounted  on  a  heavy  steel  platen.  However,  it  was  thought 
■that  the  use  of  a  pneumatic  backing  for  the  test  block  of  the 
mpact  cutting  device  would  introduce  into  the  test  a  vari¬ 
able  very  difficult  to  control.  Thus,  the  pneumatic  backing 
if  a  tire  was  simulated  qualitatively  by  using  a  rather  tall 
,3.8  cm.),  and  therefore  highly  deformable,  test  block. 

Apparatus  and  Analysis  of  Results 

The  impact  cutting  device  illustrated  in  Figure  1  consists, 
nainly,  of  an  accurate  vertical  slide  which  guides  a  loaded  knife 
n  approximately  free  fall.  The  slide  is  rigidly  suspended  from 
he  top  end.  The  knife,  which  is  a  20°  wedge  of  altitude  3.8 
m.  (1.5  inches)  and  has  an  edge  of  7.6  cm.  (3  inches),  impinges 
>n  a  rubber  test  block  and  produces  a  cut  which  can  be  measured 
rith  an  ordinary  steel  scale.  The  sliding  Dowmetal  carriage 
diich  bears  the  knife  is  constructed  so  as  to  permit  different 
ombinations  of  weights  to  be  attached  to  it.  The  knife  is  readily 
'.etachable  and  is  removed  from  the  machine  after  each  series 
f  tests,  oiled,  and  kept  in  a  closed  box  until  needed  again. 

The  machine  is  also  equipped  with  a  vertically  movable  electro- 
aagnet  with  which  the  knife  and  carriage  can  be  raised  to  the 
esired  height  and  released  by  reversing  the  current  in  the  coils 
f  the  magnet.  The  magnet  is  raised  and  lowered  by  means  of 
windlass.  The  slide  is  equipped  with  a  number  of  stops  (not 


shown  in  Figure  1)  set  at  known  heights,  which  can  be  used  by 
the  operator  to  ascertain  when  the  carriage  has  been  raised  to 
the  correct  height.  Two  rubber  bumpers  at  the  bottom  of  the 
slide  cushion  the  blow  of  the  carriage  and  make  it  impossible  for 
the  knife  edge  to  hit  the  platen  face.  Blocks  of  certain  stocks 
deform  to  such  an  extent  that  the  carriage  hits  the  bumpers  be¬ 
fore  completion  of  the  cut.  A  trip  device  (not  shown)  mounted 
at  the  base  of  the  slide,  lights  a  small  lamp  when  the  carriage 
strikes  the  bumpers.  In  cases  where  the  light  is  thus  turned  on, 
the  test  results  are  discarded. 

The  rubber  test  block,  12.7  X  1.9  X  3.8  cm.  (5  X  0.75  X 
1.5  inches),  is  placed  in  a  holder  at  the  bottom  of  the  slide  and 
rests  on  the  large  face  of  a  steel  platen  51X51X10  cm.  (20  X 
20  X  4  inches).  The  block  rests  on  its  12.7  X  1.9  cm.  (5  X  0.75 
inch)  face  with  its  long  axis  perpendicular  to  the  knife  edge. 
Two  cuts  are  made  in  each  block  at  positions  3.2  cm.  (1.25  inches) 
from  the  ends  of  the  block.  The  deeper  cuts  are  usually  uni¬ 
form  in  depth  across  the  width  of  the  block  and  can  thus  be 
measured  with  a  steel  scale  after  slitting  through  the  rubber 
remaining  at  the  bottom  of  the  cut.  The  shallow  cuts  are,  in 
general,  less  regular  in  depth  than  the  deep  cuts.  However,  with 
a  little  practice,  the  operator  can  estimate  the  average  depth  of 
the  shallow  cuts  without  much  difficulty. 

The  cutting  knife  is  of  hardened  steel  and  is  carefully  ground  in 
the  form  of  a  20°  wedge.  The  feather  edge  is  removed  from  the 
knife  with  a  fine  abrasive  cloth.  The  sharpness  of  the  knife 
changed  with  use  but,  by  always  running  a  control  stock  simul¬ 
taneously  with  an  experimental  stock,  it  was  found  that  the  rela¬ 
tive  cutting  results  were  essentially  uniform  over  a  period  of  2 
years.  In  this  study  of  the  aging  of  the  knife  edge,  the  effect 
of  the  aging  of  the  rubber  was  avoided  by  using  new  samples. 

In  the  method  of  testing  adopted  as  standard,  at  least  six  test 
blocks  of  each  stock  or  cure  to  be  tested  are  cured  in  a  12-cavity 
mold  in  a  press,  the  temperature  of  which  is  very  carefully 
controlled.  The  blocks  are  then  set  aside  for  1  week  to  allow  the 
cutting  resistance  to  come  to  a  stable  state.  The  hardness  is 
then  measured  with  a  Firestone  1.36-kg.  (3-pound)  penetrome¬ 
ter  ( 8 )  at  various  points  on  the  12.7  X  1.9  cm.  face  of  the 
blocks.  Two  cuts  are  then  made  in  each  block  with  the  impact 
cutting  machine,  as  described  above.  Thus,  using  six  blocks, 
it  is  possible  to  obtain  twelve  cuts  in  each  stock  or  cure.  These 
cuts  are  usually  made  at  2  or  more  loads  chosen  to  give  a  depth 
of  cut  vs.  load  {D  vs.  L)  curve.  The  cutting  velocity  is  usually 
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Table  II.  Cutting  Resistance  vs.  Resistance  to  Tear 


Hand  Tear 

Stock 

La 

Grams 

Estimate 

A 

4300 

Best 

B 

4040 

Very  good 

C 

4180 

Very  good 

D 

4230 

Very  good 

E 

4350 

Good 

F 

4390 

Fair 

G 

4360 

Fair 

Figure  2.  Depth  of  Cut  vs.  Impact  Load 

20°  knife,  velocity  488  cm.  per  second 


or  oven  until  the  center  of  the  blocks  had  reached  the  desired 
temperature,  as  measured  by  a  mercury-in-glass  thermometer 
inserted  in  a  hole  in  the  block.  The  tests  were  then  run  im¬ 
mediately  to  minimize  temperature  changes  occurring  after 
removal  from  the  oven  or  ice  box.  This  dependence  on  tem¬ 
perature  indicates  the  necessity  of  recording  the  room  tem¬ 
perature  for  all  tests. 

The  index  of  cutting  resistance,  L2 5,  generally  increases  with 
hardness  [Firestone  1.36-kg.  (3-pound)  penetrometer]  as  is 
shown  in  Figure  5.  However,  in  several  cases,  distinct  rever¬ 
sals  occurred — for  example,  stock  IX  vs.  stock  X 
and  stock  VII  vs.  stock  VIII. 

Cutting  resistance  does  not  always  correlate  with 
tear  resistance.  This  fact  is  clearly  shown  in  Table 
II,  where  two  stocks  which  appear  to  be  best  from 
the  cutting  standpoint  show  up  as  distinctly  in¬ 
ferior  to  the  others  from  the  tear  standpoint. 

The  accuracy  of  the  results  of  the  impact  cutting 
test  depends  upon  the  number  of  tests  averaged. 
For  example,  where  six  blocks  of  a  given  stock  were 
tested,  the  mean  deviation  was  4  per  cent;  where 
twelve  blocks  were  tested,  the  mean  deviation  was 
3  per  cent.  In  individual  cases  the  accuracy  is 
much  greater  and  can  be  determined  in  each  case — 
for  example,  the  mean  deviations  for  the  tests  of 
Table  IV  were  much  less  than  3  per  cent. 


Figure  3.  Depth  of  Cut  vs.  Impact  Velocity 
20°  knife 


Compounding  Trends  in  Resistance  to 
Cutting 


set  at  424  cm.  per  second  (13.9  feet  per  second).  In  practically 
every  case  the  D  vs.  L  curve  is  linear  (Figure  2). 

To  be  very  exact,  there  are  two  physically  independent 
indexes  of  cutting  resistance — i.  e.,  the  slope  of  the  D  vs.  L 
curve  and  the  extrapolated  load  intercept.  However,  it  is 
difficult  to  interpret  data  on  the  basis  of  two  indexes.  Hence, 
the  load  necessary  to  give  a  25-mm.  cut,  L25,  has  been  selected 
as  a  single  cutting  index.  This  index,  L2 *,  has  been  found 
very  satisfactory,  in  that  results  arrived  at  through  its  use 
agree  with  road  test  results  and  with  results  evaluated  by 
means  of  the  slopes  and  load  intercepts  of  the  D  vs.  L  curves. 

Functional  Relationships 

As  mentioned  above,  the  relationship  between  depth  of 
cut  and  load  is  linear.  That  both  the  slope  and  load  inter¬ 
cept  vary  for  different  stocks  is  clearly  demonstrated  in  Figure 
2.  The  relationship  between  depth  of  cut  and  velocity  at 
constant  load  is  not  linear,  however  (Figure  3).  In  general, 
the  D  vs.  V  curves  are  convex  upward,  though  occasionally  a 
curve  which  is  concave  upward  is  found.  Unlike  the  D  vs. 
L  curves,  the  D  vs.  V  curves  do  not  cross  in  the  range  of  ve¬ 
locities  investigated.  The  practice  of  running  tests  at  a  single 
velocity  is  therefore  justified. 

The  curves  of  Figure  4  show  that  L25,  a  measure  of  the  cut¬ 
ting  resistance,  decreases  rapidly  with  increasing  temperature. 
In  making  these  tests,  the  test  blocks  were  kept  in  an  ice  box 


The  cutting  resistance  generally  increased  with  the  car¬ 
bon  black  loading,  as  is  shown  in  Figure  6.  To  obtain  these 
data,  the  carbon  black  content  in  a  commercial  mercapto- 
benzothiazole  tread  stock  was  varied  so  as  to  give  loadings 
varying  from  38  to  76  parts  by  weight  per  100  parts  of  rubber. 
It  may  be  seen  that  the  cutting  resistance  increased  with  in¬ 
creasing  carbon  black  loading  up  to  a  loading  of  67  per  cent 
and  then  began  to  decrease.  The  existence  of  this  maximum 
in  cutting  resistance  with  respect  to  carbon  black  loading  has 
very  little  practical  significance,  since  67  per  cent  black  is 
considerably  above  present  practical  compounding  limits  for 


T£M/=  °C. 

Figure  4.  Cutting  Resistance  vs.  Tem¬ 
perature 

20°  knife,  velocity  424  cm.  per  second 
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Figure  5.  Cutting  Resistance  vs.  Hardness 

Ten  stocks;  each  point  average  of  12  tests;  20°  knife:  velocity 
424  cm.  per  second 

treads.  However,  the  fact  that  the  cutting  resistance  increases 
to  that  point  indicates  that,  for  special  types  of  service  where 
cutting  resistance  is  the  major  consideration,  the  loading  of 
carbon  black  should  be  increased  above  the  limits  considered 
satisfactory  for  other  types  of  service. 

The  effect  upon  the  cutting  resistance  of  varying  the 
amount  of  carbon  black  in  a  mercaptobenzothiazole  tread 
stock  where  glue  is  used  is  shown  in  Table  III.  The  addition 
of  5  per  cent  glue  had  no  appreciable  effect  on  the  cutting 
resistance ;  furthermore,  the  cutting  resistance  increased  with 
increasing  black  loading  to  a  maximum  at  approximately  57 
parts  by  weight  per  100  parts  of  rubber. 

Table  III.  Cutting  Resistance  as  a  Function  op  Carbon 
Black  Loading  with  Glue  Used  as  a  Softener 


Per  cent  by  Weight  on  Rubber 

Glue 

Carbon  black 

Lih 

0 

49.4 

4600 

5 

49.4 

4650 

5 

53.7 

4760 

5 

57.0 

5000 

5 

60.0 

4990 

Comparison  of  Impact  Cutting  with  Road  Tests 

Great  care  must  be  exercised  in  comparing  the  results  of  a 
laboratory  cutting  test  with  road  test  results,  for  most  so- 
called  cutting  tests  on  the  road  involve  cracking  as  well  as 


cutting.  In  fact,  it  was  found  necessary  to  devise  a  special 
road  cutting  test.  In  this  test,  half-and-half  tires  mounted 
on  a  truck  were  run  at  low  speeds  over  a  specially  constructed 
road  upon  which  were  strewn  sharp  pieces  of  furnace  slag, 
broken  insulators,  etc.  The  tires  were  removed  from  the 
rims,  after  200  to  500  miles  of  this  service,  in  a  badly  cut  and 
chipped  condition.  The  treads  were  then  cut  up  in  such  a 
manner  that  the  areas  of  all  the  individual  cuts  could  be  meas¬ 
ured.  The  amount  of  cutting  sustained  by  a  stock  in  the  test 
was  assumed  to  be  proportional  to  the  total  area  of  the  cuts. 
Six  stock  comparisons  were  made  in  this  manner.  Cutting 
test  blocks  were  cured  from  sections  of  the  extruded  treads 
which  were  actually  used  in  the  test  tires  and  impact  tests 
were  made  in  the  standard  manner. 

The  results  are  given  in  Table  IY.  The  results  of  the  im¬ 
pact  cutting  test  correlated  with  the  road  test  results  in  all 
cases. 

Table  IV.  Impact  Tests  vs.  Road  Tests 
(81  X  15.2  cm.  tires) 


Tire 

Stock 

Road  Test  Evaluation 

Ln 

Grams 

I 

A 

Slightly  better 

3270 

II 

B 

3270 

C 

Better 

3700 

D 

3270 

III 

E 

Better 

3240 

IV 

F 

3150 

G 

Worse 

3180 

H 

3270 

V 

I 

Better 

3600 

J 

3260 

VI 

K 

Worse 

3310 

L 

3590 

Conclusion 

The  impact  cutting  device  described  in  this  paper  is  recom¬ 
mended  for  testing  the  cutting  resistance  of  tread  stocks  be¬ 
cause  of  its  simplicity  and  the  accuracy  with  which  its  results 
agree  with  road  test  results.  The  fact  that  the  device  was 
designed  on  semi-quantitative  theoretical  grounds  gives  some 
additional  confidence  in  its  results.  It  is  possible  that  other 
cutting  devices,  designed  with  no  regard  to  theory  whatsoever, 
might  operate  as  well  as  the  impact  device.  However,  it  is 
felt  that,  since  most  laboratory  tests  on  rubber  stocks  are 
necessarily  largely  empirical,  it  is  well  to  attempt  to  design  a 
testing  machine  which  will  operate  in  the  ranges  of  the 
variables  found  in  service. 
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A  Differential  Refractometer 

D.  RAU  AND  W.  E.  ROSEVEARE,  University  of  Wisconsin,  Madison,  Wis. 


HIS  refractometer  was  designed  to  be  a  rapid  and  reliable 
instrument  for  determining  concentrations  of  solutions 
too  dilute  to  permit  the  use  of  the  Pulfrich  or  immersion 
refractometers.  It  makes  use  of  the  bending  of  a  ray  of  light 
when  passed  through  a  rectangular  cell  containing  a  tri¬ 
angular  compartment,  the  former  being  filled  with  pure, 
solvent  and  the  latter  with  solution.  This  part  of  the  instru¬ 
ment  is  similar  in  principle  to  the  Ketteler  ( 2 )  and  Haber- 
Lowe  ( 1 )  refractometers,  but  is  much  more  practical  because 
of  the  new  method  of  observing  and  measuring  the  deflection 
and  of  determining  the  zero  reading. 

The  complete  instrument  is  shown  in  Figure  1.  The 
upper  diagram  in  Figure  2  shows  the  essential  parts  of  the 
refractometer,  while  the  lower  diagram  shows  the  path  of 
the  light  ray. 

The  achromatic  lens,  L,  projects  through  the  cell  an  enlarged 
image  of  the  slit,  <S2,  at  point  F,  110  cm.  from  the  lens.  This 
image  is  broken  up  into  three  bright  interference  bands  by  the 
double  slits,  S3,  which  are  0.31  cm.  (0.125  inch)  wide  and  0.31 
cm.  (0.125  inch)  apart.  The  appearance  of  the  interference 
bands  and  cross  hairs  is  shown  in  the  circle.  These  interference 
bands  are  observed  by  the  microscope,  M,  having  cross  hairs  in 
the  eye  piece.  Readings  are  taken  by  means  of  the  position  of 
a  small-angle  water  prism,  P,  in  a  glass  cell  which  slides  on  a 
60-cm.  steel  metric  scale.  This  prism  is  moved  along  the  scale 
until  the  interference  bands  are  brought  back  to  the  zero  position. 
It  does  not  displace  the  interference  bands  at  all  when  at  the 
focal  point  of  the  microscope,  but  when  moved  toward  the  cell 
it  displaces  the  image  nearly  in  proportion  to  the  distance 
moved  from  the  zero  point,  F.  The  mounting  for  this  prism 
has  guides  that  slide  along  the  sides  of  the  steel  scale  and  prevent 
it  from  rotating  more  than  0.02°.  Larger  rotations  would  affect 
the  readings.  It  is  made  as  thin  as  possible.  The  collimator  of 
a  spectroscope  serves  very  well  for  the  lens,  L,  and  slit,  <$2,  if 
the  edges  of  the  slit  are  ground  smooth  on  an  oil  stone.  The 
lens  has  a  focal  length  of  20  cm.  The  light  source,  J,  is  a  100- 
watt  opal-glass  electric  light  bulb.  The  larger  slit,  Si,  protects 
the  end  of  the  collimator  tube  from  the  heat  of  the  lamp.  The 
collimator  tube  supporting  <S2  is  surrounded  by  a  larger  tube  to 
protect  it  from  drafts  which  would  make  the  readings  erratic. 
A  Gaertner  M101  microscope  is  suitable  to  observe  the  inter¬ 
ference  bands.  All  parts  of  the  refractometer  are  mounted  on 
a  piece  of  10-cm.  (4-inch)  channel  iron  125  cm.  long. 


Figure  1.  Complete  Instrument 


bands.  The  outside  cell,  shown  in  the  lower  part  of  Figure  3, 
is  made  by  cutting  a  half  cylinder  from  a  bottle  8  cm.  in  diameter 
and  9.5  cm.  long  and  cementing  a  piece  of  plate  glass  on  each  end. 
The  only  precautions  necessary  in  making  the  cells  is  that  the 
ends  of  the  outside  cell  be  parallel  within  0.1°  and  the  line  of 
intersection  of  the  two  optical  faces  of  the  triangular  cell  be 
perpendicular  within  0.3°  to  the  surface  of  the  channel  iron. 

The  plate-glass  top  which  supports  the  triangular  cell  is  held 
against  the  projecting  end  of  the  rectangular  cell  by  a  spring  at 
the  other  end,  preventing  rotation  as  well  as  movement  toward 
or  away  from  the  light  source.  The  small  prism,  P,  containing 
water  is  made  by  cementing  two  pieces  of  thin  plate  glass  (1.5  X 
3  cm.)  together  with  a  separator  at  one  end.  The  angle  between 
the  faces  is  2°  55'.  The  axis  of  this  prism  must  be  parallel  to 
that  of  the  cell  prism  within  0.3°.  A  shutter  placed  at  O  can 
be  turned  up  or  down  to  cut  out  the  light  from  either  the  upper 
or  lower  parts  of  the  triangular  cell.  Both  light  paths  are  left 
open  except  when  the  solution  is  so  very  dilute  that  the  two  sets 
of  bands  overlap.  With  pure  water  in  both  compartments,  the 
readings  through  the  upper  and  lower  compartments  should  be 
identical.  If  these  readings  are  different,  it  is  due  to  a  strain  in 
the  triangular  cell. 

The  first  step  in  adjusting  the  instrument  is  to  fill  the 
rectangular  cell  with  distilled  water,  leaving  the  triangular 
cell  out  for  preliminary  adjustments. 

Open  slit  iS'2  wide  and  move  it  toward  or  away  from  the  lens 
until  an  image  of  it  is  projected  at  point  F  on  a  piece  of  white 
paper.  Close  the  slit  slowly,  observing  the  image  of  the  slit 
through  the  microscope.  When  the  slit  can  just  barely  be  seen, 
refocus  the  microscope  on  this  image.  Interference  bands 
should  then  appear.  The  quality  of  the  bands  can  be  improved 
by  slight  changes  in  the  width  of  the  slit  and  position  of  the 
microscope.  When  sharp  interference  bands  are  obtained,  re¬ 
place  the  triangular  cell  and  fill  it  with  water.  Look  at  the  slit 
from  point  O.  If  the  fight  coming  from  both  double  slits  does 
not  appear  the  same,  move  the  triangular  cell  until  it  lets  both 
beams  of  fight  pass  through  it  equally  well  and  make  a  final 
readjustment  of  the  microscope  to  give  the  best  interference 
bands. 

Table  I  shows  readings  taken  every  minute  for  14  minutes, 
after  filling  the  triangular  cell  with  a  solution  of  0.05  N 
sodium  chloride.  The  last  reading  was  taken  after  leaving 
the  solution  in  the  cell  until  the  next  day.  The  readings 
became  constant  in  5  minutes  after  filling  the  cell.  The 
reading  at  10  minutes  is  an  accidental  error  of  observation 
due  to  eye  fatigue,  from  looking  continuously  at  the  inter¬ 
ference  bands.  Eliminating  this  value  and  the  first  four 
taken  while  the  temperature  was  being  equalized,  the  average 
deviation  from  the  mean  is  0.042  mm.  or  an  average  error 
of  0.032  per  cent  for  this  0.05  N  solution  of  sodium  chloride. 
For  a  0.1  A  solution  the  average  error  would  be  one-half  as 
great,  or  0.016  per  cent.  However,  the  error  does  not  de¬ 
crease  below  this  value  at  higher  concentrations  because  the 
bands  become  colored  through  dispersion  of  the  salt. 


The  triangular  cell,  shown  in  the  upper  part 
of  Figure  3,  is  built  on  the  under  side  of  a  piece 
of  plate  glass,  having  a  2-cm.  round  hole  in  the 
middle.  The  optical  faces  are  pieces  of  ordinary 
commercial  plate  glass  and  extend  1  cm.  below  the 
bottom  of  the  triangular  cell,  which  is  1.2  cm. 
deep  and  has  an  inside  length  of  8.5  cm.  The 
angle  between  the  faces  is  137°.  One  piece  of 
heavy  platinum  foil  is  used  for  the  bottom  and 
back  of  the  cell  because  of  its  higher  heat  conduc¬ 
tivity.  A  narrow  slot  1.5  mm.  deep  is  cut  in  the 
plate  glass  so  that  the  platinum  foil  is  mortised 
into  the  glass.  This  prevents  the  cement  from 
covering  much  of  the  optical  surface  and  gives  it 
much  greater  strength.  This  cell  requires  5  cc. 
of  liquid  in  order  to  transmit  bright  interference 
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The  zero  reading  changes  considerably,  owing  to  warping 
of  the  instrument  by  temperature  changes  and  relieving  of 
strains,  but  the  difference  between  the  zero  reading  and  the 
solution  reading  remains  constant.  Therefore  it  is  always 
necessary  to  take  a  zero  reading  immediately  before  the 
solution  reading.  It  is  important  to  keep  the  instrument 
out  of  drafts  when  in  use  or  the  zero  reading  will  change  so 
rapidly  that  the  reading  will  be  erratic.  If  the  cell  is  opened 
for  only  a  few  seconds,  sufficient  evaporation  occurs  to  cool 
the  liquid  so  that  one  must  wait  several  minutes  after  covering 
again  for  the  temperature  to  equalize. 

Table  II  shows  the  effect  of  changing  the  position  of  the 
triangular  cell  in  the  rectangular  compartment.  The  only 
small  displacement  that  would  affect  the  reading  is  moving 
the  triangular  cell  toward  the  light  source.  Since  the  glass 
plate  is  pressed  against  one  end  of  the  rectangular  cell,  it  can 
always  be  replaced  so  that  the  reading  will  be  affected  less 
than  0.03  mm.,  a  negligible  error. 


Table  I.  Readings 


Zero 

Solution 

Time 

Reading 

Reading 

Difference 

Min. 

Cm. 

1 

0.08 

13.30 

13.22 

2 

0.04 

13.28 

13.24 

3 

0  04 

13.28 

13.24 

4 

0.06 

13.29 

13.23 

5 

0.07 

13.28 

13.21 

6 

0.07 

13.28 

13.21 

7 

0.09 

13.30 

13.21 

8 

0.12 

13.33 

13.21 

9 

0.10 

13.32 

13.22 

10 

0.10 

13.36 

13.26® 

11 

0.11 

13.32 

13.21 

12 

0.12 

13.33 

13.21 

13 

0.13 

13.35 

13.22 

14 

0.14 

13.35 

13.21 

Next  day 

0.25 

13.47 

13.22 

°  Accidental  error. 


Table  II. 

Effect  of  Changing 

Position 

of  Cell 

Prism  Position 

Zero 

Solution 

Reading 

Reading 

Difference 

Normal  position 

1.77 

14.98 

13.21 

0.5°  to  right 

2.27 

15.48 

13.21 

0.5°  to  left 

0.86 

14.07 

13.21 

2  mm.  to  side 

1.67 

14.88 

13.21 

6  mm.  toward  light 

1.76 

15.16 

13.40 

Original  position 

1.51 

14.72 

13.21 

The  sensitivity  of  the  instrument  increases  rapidly  as  the 
angle  of  the  triangular  cell  is  increased,  but  angles  larger 
than  137°  are  not  recommended  since  the  bands  become 
weaker  and  more  diffuse  as  the  angle  is  increased.  The  water 
prism,  P,  gives  the  instrument  more  than  twice  the  range 
that  it  would  have  with  a  prism  of  ordinary  glass.  The 
higher  dispersion  of  the  water  compensates  considerably  for 
the  dispersion  due  to  the  solution  in  the  refractometer.  A 
scale  reading  of  60  cm.  corresponds  to  a  difference  in  refrac¬ 
tive  index  of  about  0.002  or  a  deviation  of  about  0.5°  by  the 
cell.  For  such  small  angles,  the  displacement  of  the  movable 
prism  is  practically  proportional  to  the  difference  in  refractive 
index.  The  scale  readings  for  certain  differences  in  refractive 
indices  were  calculated,  using  eight-place  trigonometrical 
functions,  for  the  mean  of  the  two  beams  which  give  the 
interference  bands.  The  difference  in  refractive  index,  with 
water  as  the  reference  liquid,  is  given  within  one  part  in  ten 
thousand  by  the  formula 

A n  =  (33355  S  -  2.83  S 2)  X  10"9 

where  5  is  the  scale  reading  in  centimeters.  The  second  term 
amounts  to  only  0.1  per  cent  for  a  13-cm.  scale  reading  and 
for  smaller  readings  it  may  be  neglected.  For  the  maximum 
scale  reading  of  60  cm.,  the  second  term  amounts  to  0.5  per 
cent.  Since  the  difference  in  refractive  index  in  general  is 
not  exactly  proportional  to  the  concentration,  it  is  more 


convenient  for  analytical  purposes  to  calibrate  the  instru¬ 
ment  directly  in  terms  of  concentration  of  the  solution  to  be 
analyzed.  If  the  solution  has  a  refractive  index  below  that 
of  the  reference  liquid,  the  prism,  P,  is  reversed  on  the  scale. 
If  absolute  differences  of  refractive  indices  are  desired,  it  is 
easier  to  calibrate  the  instrument  with  two  solutions  of  known 
refractivity  than  to  measure  the  angles  of  the  prisms.  This 
refractometer  has  been  used  for  transference  number  deter¬ 
minations.  For  the  small  concentration  changes  involved, 
the  concentration  was  proportional  to  the  scale  reading, 
within  0.1  per  cent.  Using  this  137°  cell,  An  =  0.002003 
for  a  60-cm.  or  maximum  scale  reading.  This  would  be  the 
reading  given  by  a  0.23  N  sodium  chloride  solution.  If  more 
concentrated  solutions  are  to  be  analyzed,  they  may  be 
diluted  or  a  prism  with  a  smaller  angle  may  be  used. 

Summary 

A  differential  refractometer  has  been  developed  that  uses 
white  light  and  has  a  sensitivity  of  5  X  10  It  has  been 
used  to  determine  the  concentrations  of  aqueous  solutions 
with  refractive  indices  from  0.0004  to  0.002  greater  than  pure 
water  with  an  accuracy  of  0.1  per  cent.  This  corresponds 
approximately  to  0.04  to  0.2  N  sodium  chloride  solutions. 
The  scale  readings  are  nearly  a  linear  function  of  the  differ¬ 
ence  in  refractive  indices.  Readings  can  be  taken  much 
more  easily  and  rapidly  than  with  the  liquid  interference 
refractometer. 
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Correction.  In  the  paper  on  “A  Modified  Persulfate-Arse- 
nite  Method  for  Manganese”  by  E.  B.  Sandell,  I.  M.  Kolthoff, 
and  J.  J.  Lingane  [Ind.  Eng.  Chem.,  Anal.  Ed.,  7,  256  (1935)] 
the  15th  line  from  the  bottom  in  the  first  column  of  page  258 
should  read  “Dissolve  1.2  to  1.3  grams  of  pure  arsenic  trioxide — ,” 
instead  of  “Dissolve  2.5  grams  of  pure  arsenic  trioxide — .” 

I.  M.  Kolthoff 


An  Electrically  Heated  Melting  Point  Apparatus 
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ing  points 
within  0.5 c 


up 

C. 


to  about  310°  C.,  with 


'HE  melting 
point  appa¬ 
ratus  herein  de¬ 
scribed  has  been 
found  very  satis¬ 
factory  for  routine 
laboratory  testing. 
Its  freedom  from 
liquids  and  mov¬ 
ing  parts  assures 
continuous  service 
over  extended 
periods  of  time 
without  adjust¬ 
ments  of  any  sort. 
Results  closely 
simulate  those  ob¬ 
tained  with  large, 
mechanically 
stirred,  liquid 
baths.  It  is  suit¬ 
able  for  the  deter¬ 
mination  of  melt- 
a  reproducibility  of 


Apparatus 

A  round  battery  jar  (Figure  1),  about  150  X  230  mm.,  is  fitted 
with  a  cover  composed  of  four  disks  of  asbestos  board,  each  5 
mm.  thick  and  150  mm.  in  diameter,  cemented  together  by 
means  of  water  glass.  The  diameter  of  the  bottom  disk  is  re¬ 
duced  so  that  it  Sts  snugly  into  the  jar.  Two  small  holes,  about 
25  mm.  apart,  are  drilled  12  mm.  from  the  outer  circumference 
of  the  cover  to  take  two  Pyrex  tubes  3  mm.  in  inside  diameter. 
In  addition  to  these  holes,  a  tapering  hole  is  cut  in  the  center 
of  the  cover  to  hold  an  80  X  180  mm.  Pyrex  tube,  closed  at  one 
end,  firmly  centered  in  the  jar.  This  tube  has  two  3-mm.  holes, 
12  mm.  apart,  drilled  25  mm.  from  the  top,  and  two  similar 
holes  just  at  the  start  of  the  curve  at  the  bottom. 

The  tube  is  set  into  the  hole  in  the  cover  and  then  wound  with 
five  equally  spaced  turns  of  Nichrome  ribbon  0.15  X  0.0125  cm. 
(0.06  X  0.005  inch),  the  ribbon  being  anchored  by  means  of  the 
small  holes  at  the  ends  of  the  tube  and  then  brought  up  through 
the  glass  tubes  in  the  cover  to  serve  as  lead-in  wires.  The  indi¬ 
vidual  turns  of  ribbon  about  the  tube  are  securely  fastened  in 
place  by  spotting  each  turn  with  a  drop  of  paste  made  of  short 
asbestos  fiber  and  water  glass.  The  holes  in  the  80  X  180  mm. 
tube  and  the  ends  of  the  lead-in  tubes  are  also  sealed  with  this 
paste. 

A  fifth  disk  of  asbestos  board,  similar  to  those  already  de¬ 
scribed,  is  drilled  to  take  the  two  small  lead-in  tubes,  a  hole  to 
support  a  Pyrex  test  tube,  18  X  150  mm.  (to  hold  the  melting 


The  capillary,  containing  the  sample,  is  attached  to  an  An¬ 
schutz  thermometer  of  appropriate  range  and  set  into  the  inner 
test  tube,  the  thermometer  being  held  in  place  by  means  of  a 
cork  stopper  with  a  very  small  slit  up  the  side  to  allow  for  air 
expansion  within  the  tube.  The  current  is  then  turned  on  and  the 
input  regulated  so  as  to  attain  a  rapid  increase  in  temperature 
until  a  point  approximately  25°  below  the  supposed  melting 
point  of  the  substance  is  indicated  on  the  auxiliary  thermometer. 

The  input  is  then  reduced  until  a  steady  rise  of  about  3° 
per  minute  is  attained  in  the  inner  tube.  As  the  melting  point 


point  thermometer  and  capillary),  centered  in  the  80  X  180  mm. 
tube,  and  a  fourth  hole  to  insert  a  0°  to  250°  C.  thermometer 
midway  between  the  tubes.  This  board  is  put  in  place,  the  lead- 
in  tubes  are  inserted,  and  it  is  then  “tacked”  down  to  the  main 
portion  of  the  cover  in  several  spots  with  water  glass. 

Number  14  gage  rubber-covered  wire  is  used  throughout  the 
electrical  circuit,  connection  being  made  to  the  Nichrome  ribbon 
by  means  of  brass  wire  connectors.  The  electrical  input  to  the 
heating  coil  is  controlled  by  means  of  a  5-ampere  Allen  Bradley 
radiostat  and  measured  by  an  ammeter  having  a  range  of  0  to  5 
amperes  in  0.2  ampere  divisions.  For  safety  and  convenience,  a 
toggle  switch  and  a  10-ampere  fuse  are  inserted  in  the  circuit. 

In  order  to  make  the  apparatus  a  complete  unit,  capable  of 
being  moved  about  the  laboratory  quickly  and  easily,  a  base  40 

X  27.8  X  18.75  cm. 
(16.375  X  11.125 
X  7.5  inches)  was 
constructed  w  ijt  h 
1.25-cm.  (0.5-inch) 
angle  iron.  This 
base  served  to  sup- 
port  not  only  the 
jar  but  all  the  other 
electrical  equip¬ 
ment  as  well.  As 
neither  the  size  nor 
shape  of  this  base 
affects  the  opera¬ 
tion  of  the  appara¬ 
tus,  it  may  be  varied 
to  suit  the  indi¬ 
vidual’s  require¬ 
ments.  However,  a 
very  definite  idea  of 
its  construction 
may  be  obtained 
from  Figure  2. 


Operation 


Figure  2.  Photograph  of  Melting 
Point  Apparatus 

trial  runs  are  made  to  familiarize  the 
havior. 


The  manipula¬ 
tion  of  the  appa¬ 
ratus  should  not 
entail  any  diffi¬ 
culty  after  a  few 
operator  with  its  be- 


1 — Ampere  Input 

Table  I. 

2 — Ampere  Input 

Temperature  for  Given  Input 

3 — Ampere  Input  4 — Ampere  Input 
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Temp,  rise  Temp. 
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3.4 

63.0 

6.9 
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15 
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108.0 

5.8 
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8.3 
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20 

72.8 

2.08 

127.0 

3.8 

191.6 

3.7 

262.5 

3.7 

25 

79.4 

1.32 

139.1 

2.4 

203 . 0 

2.3 

271.0 

1.7 

30 

41.0 

84.2 

0.96 

146.5 

1.5 

211.0 

1.6 

280.2 

1.8 

35 

42.4 

0.28 

87.6 

0.68 

151.5 

1.0 

217.2 

1.24 

284.4 

0.84 

40 

43.6 

0.24 

90.5 

0.58 

155.0 

0.7 

221.5 

0.86 

285.6 

0.24 

45 

44.8 

0.24 

92.6 

0.42 

157.0 

0.4 

224.2 

0.54 

287.6 

0.40 

50 

45.2 

0.08 

94.5 

0.38 

157.2 

0.04 

224.5 

0.06 

288.6 

0.20 

55 

45.7 

0.10 

95.5 

0.20 

157.4 

0.04 

289.7 

0.22 

60 

45.8 

0.02 

96.2 

0.14 

.  .  . 
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is  approached  the  input  is  further  gradually  reduced  until,  at  a 
point  about  3°  below  the  supposed  melting  point  of  the  sub¬ 
stance,  a  temperature  rise  not  exceeding  0.75°  per  minute  is 
obtained. 

Table  I,  listing  temperature  for  a  given  input  at  various 
elapsed  times,  should  be  considered  as  being  only  approximate. 
The  given  temperatures  are  those  indicated  on  an  Anschutz 
thermometer  placed  in  the  inner  test  tube.  No  account  was 
taken  of  the  lag  of  the  apparatus  at  any  particular  point. 
During  the  preliminary  rapid  rise  of  temperature,  up  to  about 
200°  C.,  this  lag  is  a  noticeable  and  variable  factor,  depending 
mainly  upon  the  rate  of  temperature  rise  and  must  be  taken 
into  account  for  accurate  temperature  control.  A  close 
approximation  of  its  magnitude  may  be  obtained  by  placing 
a  long-range  thermometer  midway  between  the  tubes,  as  is 
illustrated  in  Figure  1. 

As  indicated  in  Table  I,  temperatures  up  to  about  284°  C., 
with  the  correct  rate  of  temperature  rise  at  that  point,  may  be 
obtained  by  using  5  amperes.  However,  the  time  required 
to  reach  this  point  may  be  considerably  shortened  and  the 
useful  range  of  the  apparatus  increased  to  approximately 
310°  C.,  at  the  expense  of  a  slight  overload,  by  using  5.33 
amperes. 

Experimental 

It  having  been  stated  ( 1 )  that  melting  point  apparatus 
employing  an  air  bath  yields  results  that  are  consistently 
higher  than  those  obtained  in  a  liquid  bath,  it  was  deemed 
advisable  to  check  the  authors’  apparatus  against  one  em¬ 
ploying  a  bath  of  phosphoric  acid,  previously  heated  as 
directed  by  Snell  (2)  to  determine  the  magnitude  of  this 
variation  under  present  conditions.  The  bath,  having  a 
volume  of  1.5  liters,  was  electrically  heated  and  mechanically 
stirred  during  each  determination.  The  rate  of  temperature 
rise,  in  all  cases,  was  between  0.5°  and  0.75°  C.  per  minute 


at  the  melting  point.  The  temperature  at  which  the  substance 
became  a  clear  fluid  throughout  was  defined  as  the  melting 
point.  The  U.  S.  P.  X  defines  this  as  the  “end  of  melting.” 

The  melting  points  as  determined  in  the  authors’  apparatus 
(first  figure)  and  by  the  modified  Snell  method  (second  figure) 
were  as  follows:  salol  42.6°  and  42.4°,  acetanilide  115.0°  and 
114.5°,  phenobarbital  176.0°  and  176.0°,  saccharin  225.0° 
and  224.5°,  phenolphthalein  261.0°  and  260.8°.  The  results 
indicate  that  the  melting  points  obtained  in  the  air  bath  are 
slightly  higher  than  these  obtained  in  the  liquid  bath.  How¬ 
ever,  as  the  apparent  melting  point  of  a  substance  is  a  some¬ 
what  variable  figure,  depending  not  only  upon  the  diameter 
and  thickness  of  the  capillary  tube  used  and  upon  the  slight 
variations  in  filling  the  tube  but  also  upon  the  operator,  a 
second  series  was  obtained  by  means  of  the  authors’  apparatus 
to  determine  how  closely  triplicate  determinations  would 
check.  All  figures  were  obtained  by  one  operator  on  successive 
days. 

The  minimum  and  maximum  values  of  the  observed  melting 
points  were  found  to  be  as  follows:  salol  42.5°  and  42.6°, 
antipyrine  110.5°  and  111.0°,  phenobarbital  (The  phenobar¬ 
bital  used  in  this  series  was  drawn  from  a  lot  other  than  that 
from  which  the  material  used  in  the  previous  determination 
was  taken.)  174.8°  and  175.1°,  caffeine  235.0°  and  235.4°, 
phenolphthalein  260.7  °  and  261 .0 °.  The  maximum  difference 
obtained  was  0.5°.  If  this  figure  is  taken  as  the  maximum 
experimental  error,  the  differences  in  results  obtained  with 
the  described  apparatus  and  the  phosphoric  bath  are  insignifi¬ 
cant. 
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Prevention  of  Foaming  in  Crude-Fiber  Determinations 

H.  W.  GERRITZ,  Division  of  Chemistry,  Agricultural  Experiment  Station,  Pullman,  Wash. 


THE  mechanics  of  crude-fiber  determinations  is  made 
tedious  by  a  tendency  of  many  materials  to  foam  during 
digestion.  The  custom  of  breaking  the  foam  by  bloving 
through  an  auxiliary  tube  or  through  the  condenser  requires 
the  constant  attention  of  the  analyst. 

The  author  has  found  that  a  fine  jet  of  air  projected  on  the 
center  of  the  boiling  liquid  is  as  effective  in  dispersing  the  foam 


as  a  larger  current  of  air.  Furthermore,  if  proper  precautions 
are  taken,  a  fine  jet  of  air  may  be  projected  on  the  surface 
of  the  digesting  material  throughout  the  digestion  period 
without  increasing  evaporation.  The  diagram  illustrates  a 
convenient  arrangement  of  apparatus  for  routine  crude-fiber 
determinations,  in  which  compressed  air  is  let  into  the  diges¬ 
tion  flasks  by  means  of  capillary  tubes  through  the  condensers. 

Tube  A  is  a  compressed  air  supply  from  a  laboratory  pump 
to  the  apparatus  connected  with  a  capillary  tube,  C,  through 
stopcock  B.  Tube  C  may  be  of  any  suitable  diameter,  but  is 
drawn  out  at  the  tip  to  a  diameter  of  about  1  mm.  To  prevent 
possible  breakage,  tube  C  is  made  just  long  enough  to  reach  the 
bottom  of  condenser  D.  A  stream  of  air  is  thus  projected  onto 
the  surface  of  the  digest  in  flask  E. 

The  author  has  used  this  apparatus  for  more  than  a  hundred 
determinations  consisting  of  mixed  feeds  and  packing-house 
residues.  Analyses  were  made  by  the  official  method  (I). 
There  was  a  great  saving  of  time  on  the  part  of  the  analyst, 
and  good  results  were  obtained. 
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An  Automatic  Recording  Balance 

D.  S.  BENNINGTON  AND  W.  F.  GEDDES 

Grain  Research  Laboratory,  Board  of  Grain  Commissioners  for  Canada,  Winnipeg,  Canada 


An  automatic,  electrically  operated,  con¬ 
tinuous  recording  balance  fitted  with  oil 
damping  and  counterbalanced  for  an  initial 
load  of  100  grams  is  described.  Losses  in 
weight  up  to  17  grams,  with  an  accuracy  in 
the  order  of  0.01  gram,  are  recorded  without 
manual  attention  by  means  of  an  auto¬ 
matic  device  which  places  weights,  in  the 
form  of  steel  bearing  balls,  upon  the  pan. 
Recording  is  performed,  through  the  use  of 
a  timed  spark,  upon  a  paper  chart  carried 
on  the  drum  of  a  variable-speed  kymograph 
which  has  a  range  of  from  12  hours  to  6 
days. 

STUDIES  of  the  rate  and  magnitude  of  the  moisture 
losses  occurring  during  the  drying  of  macaroni  products 
involve  a  series  of  determinations  at  relatively  frequent  in¬ 
tervals  extending  over  a  period  of  several  days.  In  this 
type  of  work  it  is  necessary  either  to  remove  samples  for  the 
determination  of  residual  moisture  or  to  weigh  directly  a 
sample  suspended  within  the  drying  cabinet.  The  removal  of 
material  at  frequent  intervals  disturbs  the  drying  schedule, 
introduces  sampling  errors,  and  is  subject  to  the  possibility 
of  changes  in  moisture  content  during  the  operations  involved . 
In  view  of  these  difficulties,  direct  weighing  of  a  sample 
suspended  from  a  balance  external  to  the  cabinet  is  preferable. 
Since  the  actual  drying  is  carried  out  in  a  stream  of  conditioned 
air,  as  described  by  Binnington  and  Geddes  (2),  a  certain 
amount  of  motion  is  imparted  to  the  sample  which  renders 
it  essential  to  use  a  type  of  balance  insensitive  to  this  condi¬ 
tion.  In  order  to  overcome  the  inconvenience  of  frequent 
weighings  at  regular  intervals  over  extended  periods  and  to 
secure  a  continuous  record  of  the  weight  loss,  the  automatic 
recording  balance  described  in  this  paper  was  developed. 


Figure  1.  Photograph  of  Automatic  Recording  Balance 


The  literature  on  recording  balances  is  rather  meager. 
The  simplest  form  appears  to  consist  of  a  mirror  attached  to 
the  beam  of  a  standard  balance,  registering  by  means  of  a 
light  beam  upon  sensitized  paper;  such  devices  have  been 
described  by  Abderhalden  (I),  Tryhom  and  Wyatt  (7), 
and  Kohler  (5).  The  weight  range  covered  by  this  type  of 
balance  is  rather  limited  and  the  recording  system  somewhat 
cumbersome.  A  method  based  on  the  automatic  addition 
of  uniform  increments  of  weight  has  been  described  by  Oden 
( 6 ).  This  was  later  improved  by  the  addition  of  an  electro¬ 
magnetic  balancing  system  and  a  suitable  recording  device. 
The  perfected  instrument  is  described  by  Coutts  et  al.  (S') 
and  is  known  as  the  Oden-Keen  automatic  recording  balance. 
The  balance  proper  is  essentially  a  standard  analytical  model 
which  is  not  suited  to  weighing  material  subject  to  a  certain 
amount  of  motion.  It  accordingly  became  necessary  to 
design  a  balance  based  on  somewhat  different  principles  from 
those  hitherto  described. 

The  instrument  was  built  up  around  an  old  type  of  unequal- 
arm  balance  (ratio  approximately  5  to  1)  and  is  designed 


Figure  2.  Details  of  Complete  Assembly 
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interval  may  be  varied  from  15  to  60  seconds. 
A  time  record  is  also  produced  upon  the  chart 
by  a  suitable  device.  When  the  beam  reaches 
the  lower  end  of  its  travel,  which  corresponds  to 
a  weight  loss  of  1.04  grams,  a  platinum  wire 
contacts  with  mercury  and  actuates  a  device 
which  places  a  1.04-gram  steel  bearing  ball 
upon  the  balance  pan,  thus  restoring  the  beam 
to  its  starting  position.  The  record  thus  ob¬ 
tained  consists  of  a  series  of  descending  curves, 
from  which  the  total  loss  in  weight,  the  hourly 
loss,  and  the  rate  of  loss  over  any  time  interval, 
may  be  calculated.  The  entire  assembly  is 
mounted  as  a  unit  upon  a  heavy  oak  base  stand¬ 
ing  on  tall  brass  pillars.  In  use,  it  is  placed 
on  top  of  the  drying  cabinet,  the  sample  being 
hung  over  a  stirrup  attached  to  the  balance 
pan  by  means  of  a  fine  nichrome  wire  which 
passes  through  a  small  hole  drilled  in  the  top  of 
the  cabinet. 


Figure  3.  Details  of  Balance  Beam  (Above)  and  Ball-Dropping 
Mechanism  (Below) 


Balance 

The  balance  is  of  very  simple  design,  the 
remodeled  beam  details  being  shown  in 
Figure  3. 

It  was  remodeled  from  an  old  type  “ash” 
balance  (sold  by  A.  Gallenkamp  &  Co.,  Ltd., 
London,  England,  4)  designed  to  carry  a  load 
of  30  grams  and  indicating  weight  directly  to 
0.01  gram.  The  scale  and  part  of  the  frame 
were  removed,  a  counterweight  was  fitted,  and 
the  position  of  the  smaller  knife  edge  altered  to 
obtain  stable  equilibrium.  The  spring-type  pan 
arrest  was  also  removed  and  a  simple  oil  damper 
fitted.  The  pan  suspension  was  extended  to 
enable  the  attachment  of  a  sample  carrier 
which  was  suspended  within  the  cabinet.  A 
small  additional  pan  for  receiving  the  ball  weights 
was  also  installed  and  a  nichrome  wire  point,  0.46 
cm.  (0.19  inch)  long,  18  gage,  attached  to  the  end 
of  the  beam.  All  these  alterations  and  additions 
were  made  prior  to  counterbalancing  for  a  100- 
gram  load.  The  balance  was  fixed  upon  the  base 
by  means  of  brass  cups  into  which  the  leveling 
screws  fitted;  these  cups  were  screwed  onto  the 
base  after  final  location  of  the  instrument. 


primarily  for  record¬ 
ing  loss  of  weight,  al¬ 
though  it  may  be  used 
without  alteration  for 
weight  increases  of  not 
more  than  1.5  grams. 
The  entire  assembly 
is  illustrated  in  Figures 
1  and  2. 

The  balance  is  ad¬ 
justed  to  carry  a  100- 
gram  load,  and  its 
oscillation  is  reduced 
to  a  minimum  by  a 
simple  oil  damping  de¬ 
vice.  The  actual  record 
is  produced  on  a  paper 
chart  carried  upon  the 
drum  of  a  variable- 
speed  kymograph  by 
means  of  a  high-tension 
spark.  This  spark  is 
produced  between  a 
nichrome  point  on  the 
end  of  the  balance  beam 
and  the  metal  of  the 
recorder  drum,  thus 
burning  a  small  hole 
through  the  chart;  the 
duration  is  about  0.2 
second  and  the  frequency 
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Figure  5.  Wiring  Diagram 


Kymograph 

The  kymograph  is  illustrated  in  Figure  4  and  consists  of  a 
brass  drum  93.75  X  16.875  cm.  (3.75  X  6.75  inches)  mounted 
in  vertically  adjustable  bearings  and  driven  through  the 
medium  of  a  friction  wheel  and  plate  from  the  hour  spindle 
of  an  electric  clock.  It  is  essential  to  employ  a  clock  mecha¬ 
nism  of  the  self-starting  (telechron)  type  and  it  must  be  com¬ 
pletely  insulated  from  the  metallic  support  of  the  kymograph. 
It  is  also  necessary  to  solder  the  loose-friction  gear  to  its 
spindle  to  prevent  slippage.  The  purpose  of  fitting  vertically 
adjustable  bearings  is  to  allow  for  regulation  of  the  friction 
drive  and  also  to  accommodate  various  sizes  of  friction  wheels. 
This  simple  device  permits  the  use  of  a  very  vide  range  of 
chart  speeds.  A  time  record  is  produced  upon  the  lower  edge 
of  the  chart  by  means  of  an  electromagnetically  operated  pen 
(Figure  1)  which  traces  a  continuous  fine.  At  0.5-hour 
intervals  this  pen  is  moved  a  short  distance  at  right  angles  to 
the  base  hue  by  a  small  electromagnet,  the  operation  of  which 
is  controlled  by  suitably  spaced  contacts  on  the  f&ce  of  an 
electric  clock  fitted  with  a  brush  contact  on  the  minute  hand. 
Like  the  main  drive  clock,  this  should  be  of  the  self-starting 
type  and  the  loose  friction  gear  must  be  firmly  attached  to 
its  spindle.  Fixing  this  gear  makes  it  impossible  to  adjust 
the  position  of  the  hands  by  the  regular  time-set  knob,  but 
prevents  any  possibility  of  slippage  due  to  the  abnormal 
load  imposed  on  the  mechanism.  The  two  contacts  are  of 
thin  (0.25-cm.,  0.01-inch)  sheet  brass  set  on  edge  in  slots  made 
in  a  hard-rubber  face. 

Spark  Timer 

The  spark  is  produced  by  means  of  a  small  transformer 
designed  for  operating  gaseous  tubes  (Jefferson  No.  721-171, 
2500  volts,  25-ma.  capacity),  the  secondary  terminals  being 
connected  to  the  kymograph  and  balance  supports,  respec¬ 


tively.  Timing  of  the  spark  is  effected  by  an  electric  clock 
fitted  with  four  evenly  spaced  contacts  0.05  cm.  (0.02  inch) 
wide,  and  a  brush  contact  on  the  second  hand.  The  leads 
from  the  four  contacts  are  carried  to  terminals  placed  at  the 
front  of  the  base  and  arranged  so  that  connecting  the  first 
two  gives  a  spark  every  30  seconds,  connecting  all  a  spark 
every  15  seconds,  and  with  no  connections,  a  spark  every  60 
seconds.  In  order  to  minimize  oxidation  of  the  clock  contacts, 
the  alternating  current  supply  to  the  transformer  is  controlled 
by  means  of  a  standard  telephone  relay  fitted  with  heavy- 
tungsten  contacts.  The  current  flowing  through  this  relay 
is  in  the  order  of  1 5  to  20  milliamperes.  The  clock  employed 
is  treated  exactly  like  those  driving  the  kymograph  and  record 
timer. 

Weight-Handling  Mechanism 

The  weights  employed  consist  of  selected  standard  steel 
bearing  balls,  0.32  cm.  (0.25  inch)  in  diameter,  weighing  ap¬ 
proximately  1.04  grams  each,  a  maximum  variation  of  3  mg. 
being  allowed. 

The  actual  device  employed  to  place  these  weights  upon  the 
balance  pan  is  based  upon  that  described  by  Coutts  et  al.  (3) 
in  which  the  balls  are  placed  in  holes  located  around  the  pe¬ 
riphery  of  a  thick  brass  disk  rotated  electromagnetically  by 
means  of  a  ratchet  and  pawl.  Considerable  difficulty  was 
experienced  with  this  form  of  drive  and  it  was  finally  aban¬ 
doned  in  favor  of  the  arrangement  illustrated  in  Figure  3. 
The  disk  carrying  the  balls  is  driven  by  means  of  a  few  turns 
of  watch  spring,  the  rotation  being  controlled  by  a  mechanism 
similar  to  that  of  a  clock  escapement.  It  is  operated  by  an 
electromagnet  on  6  volts  direct  current  and  drawing  about  7 
amperes.  This  current  supply  is  controlled  by  a  special  type 
of  delayed-action  relay  (Siemens  Bros,  of  Canada,  No. 
A-108)  which  functions  when  the  beam  reaches  the  lower 
end  of  its  travel  by  means  of  a  platinum  wire  attached  to  the 
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beam  contacting  with  mercury  in  a  steel  cup.  This  cup  is 
adjusted  vertically  by  means  of  a  fine  thread  screw.  The 
position  of  the  beam  at  the  moment  of  contact  is  taken  as  a 
base  line  for  establishing  the  weight  scale. 

The  special  type  of  delayed-action  relay  is  fitted  with  a 
nickel  sleeve  surrounding  the  core.  After  the  operating  cir¬ 
cuit  is  broken,  the  armature  of  this  relay  stays  closed  for  a 
period  of  approximately  100  milliseconds,  thus  eliminating  the 
possibility  of  a  number  of  impulses  being  given  to  the  ball¬ 
dropping  mechanism  by  “jittering”  at  the  platinum-mercury 
contact.  This  jittering  gave  considerable  difficulty  and  was 
overcome  only  by  use  of  the  above-mentioned  relay. 

Wiring 

The  wiring  diagram  is  illustrated  in  Figure  5.  Two 
separate  6-volt  batteries  are  employed.  This  is  necessary  in 
order  to  avoid  interaction  of  the  high-  and  low-voltage  cir¬ 
cuits  and  to  maintain  a  satisfactory  spark  at  the  gap  between 
the  kymograph  drum  and  the  point  on  the  beam.  This 
distance  should  be  from  1  to  3  mm.,  and  after  being  satis¬ 
factorily  located,  the  kymograph  should  be  permanently 
fastened  to  the  base. 

Operation 

As  designed,  the  balance  will  record  a  loss  of  17  grams  in 
weight  without  attention.  Should  the  loss  exceed  this 
amount,  it  is  necessary  to  rewind  the  disk  and  insert  more 
balls. 

To  place  the  balance  in  operation,  a  100-gram  weight  is  attached 
to  the  suspension  wire,  and  the  mercury  cup  adjusted  until  the 
platinum  wire  just  fails  to  make  contact.  A  mark  is  then  made 
upon  the  chart  at  this  point,  and  weights  are  added  in  0.1  gram 
increments,  the  chart  being  marked  at  each  point  up  to  1  gram. 
An  additional  0.04  gram  is  then  added  to  establish  the  upper 
limit  of  the  scale.  The  weights  are  then  removed  and  replaced 
by  a  ball.  The  100-gram  weight  is  then  replaced  by  the  sample, 
exactly  100  grams  being  secured  by  balancing  to  the  upper  point 
on  the  weight  scale.  If  exact  adjustment  in  this  way  is  not 
feasible,  approximately  100  grams  may  be  taken,  the  exact 
amount  being  ascertained  by  the  addition  of  balance  weights  to 
the  pan,  which  remain  during  the  duration  of  the  test.  Upon 
completion  of  the  record,  the  chart  is  removed,  weight  lines  are 
drawn  on  at  0.1-gram  intervals,  and  time  fines  inserted  with  a 
guide  cut  to  the  curvature  of  the  arc  traveled  by  the  recording 
points.  Total  or  intermediate  weight  values  may  then  be  read 
directly  from  the  chart. 

The  apparatus  has  been  employed  in  drying  and  equilibrium 
studies  for  some  time  with  highly  successful  results,  it  being 
possible  to  read  the  record  to  0.01  gram,  equivalent  to  0.01 
per  cent,  using  a  100-gram  sample. 
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Semi-Micro-Cottrell  Boiling 
Point  Apparatus 

MARY  L.  WILLARD  and  DELCENA  E.  CRABTREE 
Pennsylvania  State  College,  State  College,  Pa. 

VARIOUS  types  of  boding  point  apparatus  constructed 
according  to  the  Cottrell  principle  ( 1 )  have  been  de¬ 
signed  by  previous  workers — Davis  (#)>  Swietoslawski  (6,  6), 
those  at  the  Petroleum  Refining  Laboratory  of  the  Pennsyl¬ 
vania  State  College  (4),  and  others — for  the  accurate  deter¬ 
mination  of  boiling  points  on  a  macro  scale.  Although  the 
Cottrell  principle  of  bubbling  the  liquid  and  vapor  in  equilib¬ 
rium  over  the  thermocouple  or  thermometer  seems  logical  and 
practical,  it  is  believed  that  no  method  has  been  developed 
on  this  principle  for  the  accurate  determination  of  the  boiling 
point  of  a  small  volume  of  liquid.  The  construction  of  a 
microapparatus  not  only  suitable  for  the  determination  of 
boiling  points  accurate  to  0.1°  C.,  but  also  adaptable  to 
differential  use,  presents  an  interesting  problem,  and  is  the 
object  of  this  research.  The  apparatus  of  Davis  and  of 
Swietoslawski  (2,  5,  6)  were  said  to  be  very  accurate,  but  be¬ 
cause  of  the  greater  probability  of  accurate  results  and  greater 
ease  of  manufacture  with  reduction  in  size,  the  design  of  the 
Petroleum  Refining  Laboratory  of  the  Pennsylvania  State 
College  was  used,  decreased 
to  about  one-tenth  the  size. 

A  scale  drawing  of  the 
apparatus  is  shown  in  Fig¬ 
ure  1. 

The  glass  tube,  A.  contains 
the  hot  junctions  of  the 
thermocouples,  cemented  in 
place  at  J.  B  is  provided  to 
determine  the  boiling  point 
spread,  and  also,  in  the 
present  case,  for  convenience 
in  determining  the  minimum 
quantity  of  liquid  upon  which 
a  boiling  point  can  be  de¬ 
termined.  Heat  is  apphed 
to  the  apparatus  by  wind¬ 
ing  it  between  G  and  H  with 
0.9  meter  (3  feet)  of  enameled 
thermocouple  wire  of  14.3 
ohms  per  meter  (4.35  ohms 
per  foot)  resistance.  This 
wire  is  connected  to  the  al¬ 
ternating  current  line  through 
a  rheostat  which  is  used  to 
vary  the  heat  input. 

The  inner  part  of  the 
apparatus  is  a  separate  unit 
made  of  two  pieces  of  Pyrex 
tubing,  C  and  D,  of  5  and  10 
mm.  outer  diameter,  respec- 
tively,  held  together  as 
shown  by  a  very  short  tube, 

I,  which  forms  a  canal  be¬ 
tween  them.  Several  file 
marks  are  made  on  the 
bottom  end  of  D  to  permit 
free  circulation,  since  this 
unit  rests  on  the  outer  unit 
at  a  level  indicated  by  the 
point  F.  The  tube  of  small¬ 
est  diameter,  C,  is  then  free, 
not  touching  the  outer  unit 
at  ah.  Thus,  the  liquid 
placed  in  the  apparatus  is 
heated  by  the  external  heat¬ 
ing  unit  between  G  and  H  and 
boils  up  through  the  space  be¬ 
tween  C  and  D,  to  be  bubbled 
out  on  the  thermocouple  junc- 
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Table  I.  Boiling  Point  Data 
(Charge,  5  cc.  of  carbon  tetrachloride;  barometer,  727.1  mm.;  n9£ ,  1  4600.) 


Time 

Left 

Millivolts 
per  Couple 

Boiling  Point 
Found 

Calculated 

Vapor 

Pressure 

Cc. 

Thermocouple  position  as 

0  C.  Mm. 

shown  in  Figure  1 

3:49 

5.0 

3.426 

75.07 

727.3 

3:51 

5.0 

3.426 

75.07 

727.3 

3:54 

4.5 

3.426 

75.07 

727.3 

3:58 

4.0 

3.426 

75.07 

727.3 

4:10 

3.5 

3.426 

75.07 

727.3 

4:13 

3.0 

3.426 

75.07 

727.3 

4:16 

2.5 

3.426 

75.07 

727.3 

4:19 

2.5 

3.426 

75.07 

727.3 

4:21 

2.3 

3.426 

75.07 

727.3 

4:22 

2.0 

3.426 

75.07 

727.3 

4:28 

1.5 

3.427 

75.09 

4:30 

1.2 

3.424 

74.96 

Thermocouple  1  cm. 

above  position  indicated  in  Figure  1 

4:40 

5.0 

3.426 

75.07 

727.3 

4:48 

4.5 

3.426 

75.07 

727.3 

4:52 

4.0 

3.426 

75.07 

727.3 

Table  II.  Boiling  Point  Data 

(Charge,  6  cc.  of  distilled  water;  barometer,  730.7  mm.;  thermocouple 
position  as  shown  in  Figure  1.) 


Time 

Millivolts 

Boiling  Point 

Calculated 

Left 

per  Couple 

Found 

Vapor  Pressure 

Cc. 

°  C. 

Mm. 

10:10 

6.0 

4.619 

98.90 

730.5 

10:15 

6.0 

4.619 

98.90 

730.5 

10:20 

6.0 

4.619 

98.90 

730.5 

10:25 

5.5 

4.619 

98.90 

730.5 

10:30 

5.0 

4.619 

98.90 

730.5 

10:35 

4.5 

4.619 

98.90 

730.5 

10:40 

4.0 

4.619 

98.90 

730.5 

10:45 

3.5 

4.619 

98.90 

730.5 

10:50 

3.0 

4.619 

98.90 

730.5 

10:55 

2.5 

4.619 

98.90 

730.5 

11:00 

2.0 

4.619 

98.90 

730.5 

11:06 

1.5 

4.621 

98.94 

11:10 

1.0 

4.620 

98.92 

Table  III.  Boiling  Point  Data 


(Charge,  5  cc.) 

Liquid 

~20 
"  D 

Boiling  Point 

Barome¬ 

Expt. 

Calcd. 

ter 

°  C. 

0  C. 

Mm. 

Carbon  tetrachloride  (redistilled) 

1 . 4600 

75.07 

75.06 

727  A 

Benzene  (redistilled)  thiophene-free 

1 . 4997 

78.53 

78.55 

725.6 

n-Heptane. a  California  Chemical  Co. 
Isooctane®  2,4,4-trimethy]  pentane, 

1.3878 

97.20 

97.24 

731.4 

Rohm  and  Haas 

1.3918 

97.74 

97.75 

727.8 

Water  (triple  distilled) 

Toluene  (to  be  used  for  nitration), 

98.90 

98.90 

730.5 

Barrett  Co. 

1 . 4933 

109 . 02 

109 . 04 

727.8 

Chlorobenzene  (redistilled) 

1.5238 

130.07 

130.04 

728.6 

°  Approved  by  the  Bureau  of  Standards  for  knock-rating  purposes. 


tions  at  J.  The  liquid  and  condensed  vapor  are  then  allowed 
to  return  downward  through  C,  whence  they  may  again  follow 
the  same  path.  The  outermost  tube,  E,  of  17  mm.  outside 
diameter  served  as  an  auxiliary  jacket. 

For  thermal  measurements  multiple- junction  copper-copel 
thermocouples  of  gage  No.  28  enameled  wire  were  used.  The 
copel  wire  was  from  Hoskins,  and  the  copper  wire  from  John  R. 
Roebling’s  Sons  Co.  There  were  ten  hot  and  ten  cold  junctions, 
each  of  which  was  soft-soldered  together  and  then  insulated  by 
covering  with  Durite  resin,  using  acetone  as  a  solvent.  Each 
series  of  junctions  was  enclosed  in  a  glass  tube.  The  junctions 
were  held  in  placed  at  the  very  tip  of  the  tube  by  a  small  amount 
of  litharge  and  glycerol  cement.  If  the  cement  extends  to  any 
appreciable  distance  beyond  the  junctions,  an  appreciable  heat 
loss  may  be  introduced.  A  Leeds  and  Northrup  double-range 
potentiometer  indicator,  portable  precision  type,  No.  8662,  was 
used,  which  had  recently  been  checked  at  the  factory. 

The  cold  junction  was  an  ice  bath  constructed  according  to 
the  technic  of  Aston  of  this  laboratory.  Finely  shaven  distilled 
water  ice  in  a  1-liter  Dewar  was  used,  and  50  cc.  of  distilled 
water  were  added  to  insure  intimate  contact.  Thermocouples 
from  the  same  spools  of  wire  had  been  found  to  conform  to  the 
curve  drawn  by  substituting  in  the  Bureau  of  Standards  equa¬ 
tion  for  this  same  spool  of  copel  wire.  Two  points  on  the  curve 
were  checked — the  transition  point  of  Na2S04-10H20  and  the 
boiling  point  of  water.  The  transition  point  of  Na"2S04H20  is 
32.384°  C.  (8).  The  equation  is  as  follows: 


E  =  42.074  T  -  0.04986  T1  -  0.0000310  Ta 
E  is  expressed  in  microvolts  and  T  in  degrees  Centigrade. 

Experimenta  tion 

The  data  given  in  Tables  I  to  III  were  obtained  using  the 
apparatus  illustrated.  A  determination  of  the  boiling  point 
range  of  a  liquid  can  be  made  in  15  minutes  or  less. 

Discussion 

From  these  and  other  data  of  a  similar  nature  it  was 
found  that  the  mean  deviation  of  experimental  from  cal¬ 
culated  boiling  point  was  0.02°  C.  The  calculations  were 
made  from  existing  vapor  pressure-temperature  data.  As 
may  be  seen  by  reference  to  Table  III,  all  were  accurate  to 
0.1  °  C.  It  was  also  found  that  the  use  of  a  jacket  around  the 
apparatus  was  expedient;  that,  starting  with  5  cc.,  a  60  per 
cent  take-off  could  be  made  without  causing  any  variations 
in  the  millivolt  readings — i.  e.,  boding  point  measurements 
accurate  to  0.1  °  can  be  made  on  as  little  as  2  cc.  of  liquid — that 
the  method  of  wiring  by  winding  with  thermocouple  wire  be¬ 
tween  G  and  H  (Figure  1)  was  most  satisfactory;  that  the 
variation  of  heat  input  by  as  much  as  100  per  cent  did  not 
affect  the  millivolt  readings;  and  that  bumping  was  negligible. 

A  2-cc.  apparatus  of  the  same  sort  was  designed  and  con¬ 
structed.  The  boiling  points  obtained  with  it  were  con¬ 
sistently  lower  than  those  obtained  with  the  5-cc.  apparatus 
under  the  same  conditions.  For  this  reason  the  take-off  was 
removed  from  the  smaller  apparatus  and  replaced  by  a  side 
return  for  the_ condensed  vapors.  Results  obtained  with  this 
apparatus  were  also  low  in  spite  of  the  use  of  a  jacket.  A 
possible  explanation  of  the  lowness  of  the  results  lies  in  the 
fact  that  with  decrease  in  size  the  ratio  of  surface  exposed  to 
volume  of  liquid  increases.  This  would  introduce  a  greater 
heat  loss  and  well  might  be  the  cause  of  the  low  results. 

Experiments  have  been  conducted  on  a  1-cc.  apparatus 
of  similar  design,  but  the  same  difficulties  are  encountered  as 
with  the  2-cc.  apparatus.  None  of  the  various  adaptions  in 
structure  have  completely  removed  the  sources  of  error. 
The  readings  are  consistently  lower  than  calculated.  The 
specific  causes  for  this  are  not  known,  but  are  being  investi¬ 
gated. 

Summary 

With  an  apparatus  of  5-cc.  capacity  boding  points  were 
found  which  were  accurate  to  0.1°  C.  The  mean  deviation 
for  the  liquids  tried  was  0.02°  C. 

Starting  with  5  cc.  of  pure  material,  a  take-off  of  60  per  cent 
may  be  made  without  causing  any  variation  in  the  millivolt 
reading  obtained. 

Work  has  been  done  on  a  smaller  apparatus  of  the  same 
Cottrell  type,  but  the  results  were  not  satisfactory. 
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Surface-Tension  Measurements  of  Viscous  Liquids 

A.  H.  PFUND  AND  E.  W.  GREENFIELD,  Johns  Hopkins  University,  Baltimore,  Md. 


By  allowing  a  small  air  jet  to  impinge  on  the  surface  of  a 
liquid,  there  is  produced  a  small  depression  whose  depth  is 
an  inverse  function  of  the  surface  tension  of  the  liquid. 
This  procedure  is  particularly  suited  to  viscous  liquids. 


THE  usual  methods  for  surface-tension  measurements  fail 
when  applied  to  highly  viscous  fluids.  The  following 
method,  developed  by  one  of  the  authors  (A.  H.  P.)  in  1932 
and  tested  by  the  other  (E.  W.  G.)  in  1934  is  based  upon  the 
observation  that  if  a  small  air  jet  be  allowed  to  impinge  on 
the  surface  of  a  liquid,  an  indentation  or  depression  of  the 
'  type  shown  in  Figure  1  is  produced.  The  depth  of  this  de¬ 
pression  has  been  found  to  be  an  inverse  function  of  the  sur¬ 
face  tension.  The  method  is  at  its  best  when  applied  to 
liquids  which  are  nonvolatile,  viscous,  and  transparent. 

The  general  arrangement  of  the  apparatus  is  shown  in  Figure  2, 
where  A  is  a  glass  tube  drawn  down  to  a  bore  of  about  0.8  mm. 
at  its  lower  end  which  is  separated  by  about  3  mm.  from  the 
liquid  surface,  C.  While  there  is  nothing  critical  about  the  di¬ 
mensions  of  the  cell,  B,  the  thickness  of  the  fluid  layer  in  the  direc¬ 
tion  LM  was  chosen  as  10  mm.  The  depth  of  the  depression  is 
1  to  2  mm.  since  instability  sets  in  when  the  depth  is  made  con¬ 
siderably  greater.  Measurements  of  the  depth  of  the  depression 
are  carried  out  with  a  short-focus  Gaertner  telescope,  M,  sup¬ 
plied  with  a  micrometer  eyepiece  reading  to  0.01  mm.  Il¬ 
lumination  is  effected  by  means  of  the  small  lamp,  L,  which  is 
replaced  by  an  arc  lamp  when  the  liquids  are  nearly  black. 
Light  coming  over  the  top  of  the  liquid  is  cut  out  by  the  opaque 
shield,  S.  Since  it  is  necessary  that  the  distance  between  the 
end  of  the  glass  tube,  A,  and  the  liquid  surface  be  kept  constant — 
a  condition  difficult  to  realize  by  attempt  ing  to  fill  the  cell  always 
to  the  same  level — an  arrangement  of  the  type  shown  in  Figure  3 
was  adopted. 


Figure  1.  Form  of  Depression  with  Suc¬ 
cessive  Increments  of  Air  Pressure 


Here  the  cell,  B,  which  fits  neatly  between  the  blocks,  DD,  is 
mounted  on  a  plate,  E,  to  which  a  hinge,  H,  is  attached  at  one 
end  and  a  screw,  F,  at  the  other.  By  means  of  this  screw  it 
is  possible  to  raise  or  lower  the  cell  bodily  and  thus  to  bring  the 
image  of  the  undisturbed  surface  into  coincidence  with  the 
telescope  cross  hair,  set  to  the  zero  reading  of  the  micrometer. 

To  facilitate  cleaning,  the  cell  is  made  out  of  a  brass  block,  10 
mm.  thick,  from  which  a  U-shaped  portion  has  been  removed. 
The  glass  plates  forming  the  sides  of  the  cell  are  simply  held 
against  the  carefully  machined  sides  of  the  brass  block  with  small 
clamps  (not  shown). 


Figure  2.  Arrangement  of  Apparatus 


Figure  3.  Arrangement  for  Maintaining^ 
Constant  Separation  retween  Jet  Orifice: 
and  Liquid  Surface 
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For  the  sake  of  brevity, 
no  description  of  the  appara¬ 
tus  used  in  the  production 
and  maintenance  of  constant 
air  pressure  will  be  given.  A 
pressure  of  about  2.4  cm.  of 
water  was  found  best.  Cali¬ 
bration  was  effected  by 
means  of  the  known  surface 
tensions  of  pure  liquids — 
water,  glycerol,  glycol,  di¬ 
butyl  phthalate,  and  several 
mineral  oils — no  corrections 
being  applied  for  density 
differences.  The  calibration 
curve  obtained  is  shown  in 
Figure  4,  where  the  data  are 
plotted  on  double  logarithmic 
paper.  The  equation  of  this 
curve  is 

T  =  Ka~lh 

where  y  is  the  surface  tension, 
K  a  constant,  and  a  the  depth 
of  the  depression. 

An  advantage  of  the  air-jet  method  over  other  methods  is 
brought  out  in  a  study  of  temperature-surface  tension  rela¬ 
tionships  in  oils  used  for  the  impregnation  of  cables.  The 
specific  case  chosen  for  the  sake  of  illustration  relates  to  a 
mineral  oil  designated  as  No.  100/100.  At  100°  C.  this  oil 
had  a  viscosity  of  0.5  poise  and  was  therefore  fluid;  at  60°  C., 
however,  the  viscosity  has  risen  to  4  poises  and  the  oil  was 
thick.  Surface-tension  measurements  made  by  the  air-jet 
method  and  by  the  “Jolly  balance  platinum  ring”  method 
are  in  excellent  agreement  at  temperatures  above  60°  C. 

As  shown  in  Figure  5,  measurements  by  the  platinum  ring 
method  become  very  erratic  at  60°,  only  to  become  meaning¬ 
less  at  lower  temperatures.  The  jet  method,  however,  is  not 
subject  to  such  limitations.  Even  at  25°  C.  where  the  oil 
would  not  pour — the  viscosity  having  risen  to  85  poises— 
the  depression  had  reached  a  constant  depth  in  12  seconds  and 
measurements  could  be  carried  out  with  the  same  ease. 

This  method  is  obviously  applicable  also  to  molten  metals 
and  to  opaque  materials  in  general.  By  directing  a  jet  of 
pure  nitrogen  (in  place  of  air)  against  the  surfaces  of  molten 
bismuth  and  tin,  it  became  evident  that  the  surface  tension 
of  these  materials  is  much  greater  than  that  of  water.  Up 
to  the  present  time  no  entirely  satisfactory  method  for  measur¬ 
ing  the  depth  of  the  depression  has  been  found. 

Another  possible  application  of  a  modified  jet  method  lies  in 
the  measurement  of  interfacial  tension  of  water  in  contact 
with  some  nonmiscible,  viscous  liquid  such  as  a  heavy  oil. 
In  this  case,  a  small,  vertical  jet  of  water,  directed  upward 
within  the  water  and  striking  the  oil-water  interface  perpen¬ 
dicularly,  distorts  the  interface  into  a  small  hump  or  eleva¬ 
tion  whose  height  may  be  measured  as  before.  Calibration 


Figure  4.  Calibration 
Curve,  Liquids  of  Known 
Surface  Tension 


1,  Water.  2,  Glycerol.  3,  Gly¬ 
col.  4,  Dibutyl  phthalate.  5,  Oil 
104.  6,  Oil  108. 


Figure  5.  Surface  Tension  vs.  Temperature 
(Mineral  Oil  106) 

xx  Platinum  ring-Jolly  balance  method 
oo  Air-jet  method 


may  be  effected  through  the  use  of  liquids  having  higher 
fluidity  and  a  known  interfacial  tension  with  water.  In  the 
absence  of  such  information  it  is  always  possible  to  make 
measurements  by  creating  electrically  excited  ripples  ( 1 )  at 
the  interface  between  water  and  nonmiscible  liquids  of  high 
fluidity. 

In  connection  with  the  preceding  work  it  was  noticed  that 
air  jets  are  extremely  sensitive  to  short  sound  waves.  If  an 
air  jet  of  the  previously  described  type  be  directed  vertically 
downward  on  a  water  surface — the  separation  between  orifice 
and  surface  being  7.5  cm.  and  the  pressure  equal  to  7.5  cm. 
of  water — the  depression  immediately  disappears  as  soon  as 
a  hissing  sound  is  produced  or  if  keys  be  rattled.  There  is  a 
critical  jet  velocity  and  separation  at  which  the  sensitiveness 
is  greatest.  The  behavior  of  the  jet  is  therefore  similar  to  that 
of  the  well-known  “sensitive  flame.”  The  sensitive  jet  is  well 
adapted  for  lecture-room  demonstration :  It  is  merely  neces¬ 
sary  to  use  a  vertical  projection  lantern  and  to  send  the  fight 
through  a  flat-bottomed  glass  dish  containing  water.  By 
focusing  the  water  surface  on  the  screen,  it  is  found  that  a 
black  spot  appears  where  the  water  surface  is  deformed.  This 
spot  disappears  immediately  upon  the  production  of  short 
sound  waves. 
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A  New  Buret  for  Potentiometric 
Titrations 

L.  S.  KE\  SER,  University  of  Illinois,  Urbana,  III. 

THE  burets  which  are  com¬ 
monly  used  for  potentio¬ 
metric  titrations  are  usually  the 
ordinary  straight  type  or 
those  which  have  the  faucet 
type  of  stopcock.  In  many 
titrations  where  a  stirrer,  elec¬ 
trodes,  and  other  apparatus  are 
necessary  in  or  above  the  titrat¬ 
ing  receptacle,  it  has  been 
found  convenient  to  use  the 
buret  herewith  illustrated.  It 
has  the  advantage  of  allowing 
control  of  the  stopcock  at  a 
comfortable  distance  from  the 
encumbering  mechanism  over 
the  reaction  vessel.  Although 
the  buret  is  not  available  from 
laboratory  supply  houses,  it  can  be  easily  constructed  from 
the  ordinary  straight  buret  by  anyone  possessing  a  minimum 
of  glass-blowing  ability. 

The  tapered  end  of  the  stopcock  tip  is  cut  off  at  its  base  as 
far  from  the  stopcock  as  possible.  The  stopcock  is  then 
wrapped  with  asbestos  cord  or  other  suitable  protection 
afforded  and  a  length  of  glass  tubing  having  the  same  approxi¬ 
mate  dimensions  is  sealed  on.  The  tube  is  then  bent  into  the 
shape  shown  and  the  end  drawn  off  to  give  a  tapered  point. 
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Laboratory  Service  Testing  of  Automotive 

Lubricating  Greases 


E.  N.  KLEMGARD,  Shell  Oil  Co..  Martinez,  Calif. 


GREASE  manufacturers  in 
the  United  States  produce 
annually  nearly  300,000,000 
pounds  of  lubricating  grease, 
which  is  sold  for  approximately 
$18,000,000.  Of  this  total 
amount,  150,000,000  pounds  of 
special  grease,  about  50  per  cent, 
are  consumed  in  automotive 
units.  As  in  other  industries, 
grease  manufacturers  are  in¬ 
tently  alert  to  new  developments 
in  mechanical  engineering,  par¬ 
ticularly  in  the  automotive  field. 

This  is  only  natural,  since 
roughly  one-half  of  the  total 
amount  of  grease  produced  is 
consumed  by  the  motorist. 

Special  service  tests  for  automobile  lubricating  oils  and  gaso¬ 
line  have  been  more  or  less  standardized,  but  the  service 
testing  of  lubricating  greases  has  been  largely  a  matter  of 
special  technic  developed  as  occasion  necessitated  by  the 
grease  manufacturer,  automobile  manufacturer,  institution, 
or  consumer.  Because  casual  observation  of  service  results 
in  equipment  on  the  road  often  leads  to  erroneous  results  and 
comparisons,  laboratory  service  tests  are  frequently  used  to 
secure  more  precise  data  from  which  definite  conclusions  may 

be  drawn.  In  some 
cases,  a  series  of 
greases  differing 
only  slightly  in 
their  usual  proper- 
ties  must  be 
studied  to  deter¬ 
mine  their  relative 
service  value. 
Road  tests  for 
thousands  of  miles 
might  be  needed  to 
reveal  practical 
differences,  but 
accelerated  labora¬ 
tory  service  tests 
can  be  devised 
which  enable  defi¬ 
nite  comparisons 
to  be  made  in  a 
few  hours. 

Obviously,  serv¬ 
ice  tests  may  be 
used  for  proving 

that  under  a  given  set  of  conditions  one  grease  is  superior 
to  another.  The  time-honored  tests  for  melting  point,  pene¬ 
tration,  and  per  cent  of  water,  soap,  and  ash,  while  of  greatest 
value  as  control  tests  to  secure  uniform  quality,  leave  too 
much  to  the  investigator’s  imagination  in  predicting  service 
performance.  Carefully  performed  laboratory  service  tests 
are  believed  to  be  invaluable  as  indicators,  pointing  the 
direction  in  which  definite  improvements  in  automotive 
greases  may  be  made. 

Salesmanship  must  necessarily  take  into  consideration 


The  importance  and  necessity  of  develop¬ 
ing  service  tests  of  value  in  formulating  im¬ 
proved  automotive  greases  are  emphasized 
in  view  of  the  grease  industry’s  desire  to 
meet  more  adequately  the  demands  of 
modern  cars,  high-speed  driving,  and  the 
consequent  more  severe  lubrication  condi¬ 
tions.  Laboratory  service  tests  have  been 
devised  which  permit  comparisons  of  serv¬ 
ice  properties  to  be  ascertained  more 
quickly,  economically,  and  precisely  than  in 
more  laborious  road  tests.  Road  tests  are, 
however,  considered  necessary  for  final 
evaluation  of  service  properties. 


color  of  the  grease,  odor,  cus¬ 
tomer  appeal,  attractive  appear¬ 
ance,  and  type  of  container, 
but  performance  must  not  be 
ignored.  The  discriminating 
purchasing  agent,  chemist,  and 
engineer  are  frequently  in¬ 
terested  in  knowing  just  how 
good  a  given  lubricating  grease 
is  and  how  it  performs  in 
service. 


Pressure-Gun  Grease 


Figure  1.  Apparatus  for  Deter¬ 
mining  Retention  Properties  of 
Pressure-Gun  Greases  in  Spring 
Shackles 


Many  of  the  cars  on  the  road 
are  equipped  with  some  form 
of  plain  bushing  shackle.  In 
some  cases,  needle  bearings 
have  been  fitted  into  the  king  pins,  and  the  development 
of  “knee-action”  front  wheels  has  brought  about  modifi¬ 
cations  in  steering  mechanism  bearings.  However,  the 
chief  problem  regarding  the  quality  of  pressure-gun  greases 
is  their  ability  to  “stay  in  place.”  For  this  reason  service 
tests  for  determining  the  retention  characteristics  of  such 
greases  have  been  developed  by  grease  manufacturers  and 
are  of  interest. 

As  with  most  lubricating  grease  problems,  the  viscosity 
of  the  mineral  oil  content,  the  consistency  of  the  grease 
while  being  applied  and  while  performing  within  the  bearing, 
and  the  quality  and  amount  of  soap  may  all  influence  results 
obtained  in  service.  For  this  reason,  precise  service  tests  for 
establishing  the  value  of  these  items  are  very  difficult.  That 
much  research  remains  to  be  done  can  be  inferred  from  the 
fact  that  one  finds  on  the  market  different  gun  greases  manu¬ 
factured  with  calcium,  aluminum,  and  sodium  soaps.  Thus, 
the  “experts,”  who  in  this  particular  case  must  be  the  grease 
manufacturers,  do  not  agree.  Perhaps  a  condition  exists 
which  is  similar  to  that  occurring  in  the  food  and  clothing 
industries:  that  which  pleases  one  is  rejected  by  another  for 
psychological  reasons.  Technically  it  should  be  possible  to 


Figure  2. 


Modified  Apparatus  for  Determining 
Retention  Properties 


Produoea  more  rapid  vibration  than  device  shown  in  Figure  1 
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Table  I.  Physical  and  Chemical  Tests  on  Commercial  Pressure-Gun  Lubricants 


Lubricant 

Designation 

Penetration  at  77°  F. 
Unworked  Worked 

cropping 

Point 

Ubbe- 

lohde 

Kind  of 

Soap 

Ash 

S.  U.  Viscosity  of 
Mineral  Oil  Content 
at  100°  F. 

Texture 

Flow  of  Grease  through  Saybolt 
Universal  Viscosity  Tube 

35°  F.  77°  F.  100°  F. 

355  A1  400 

385 

89 

Aluminum 

% 

400 

Smooth 

G./min. 

0.5 

G./min. 

9.7 

G./min. 

375  Ca  301 

362 

375 

97 

Calcium 

1.04 

301 

Smooth 

340  Ca  319 

347 

340 

90 

Calcium 

1.06 

319 

Smooth 

370  Ca  350 

375 

370 

90 

Calcium 

350 

Smooth 

314  Ca  868 

315 

314 

96 

Calcium 

1.61 

868 

Smooth 

336  Ca  335 

323 

336 

Calcium 

335 

Stringy 

0.3 

2.0 

15.1 

318  Ca  460 

320 

318 

Calcium 

1.34 

460 

Smooth 

0.7 

11.0 

25.2 

345  Ca  310 

342 

345 

Calcium 

1 . 7  max. 

310 

Smooth 

1.4 

19.8 

354  Ca  315 

354 

354 

Calcium 

1 . 7  max. 

315 

Smooth 

2.0 

22.8 

335  A1  290 

325 

335 

Aluminum 

290 

Smooth 

0.3 

7.9 

37.0 

321  Ca  3000  (blown 
saponifiable  oil) 

316 

321 

90 

Calcium 

3000 

Stringy 

1.1 

319  Ca  35  (latex) 

309 

319 

88 

Calcium 

35 

Stringy 

0.2 

227  Ca  300 

207 

227 

92 

Calcium 

300 

318  Ca  500  (poly¬ 
isobutylene) 

318 

95 

Calcium 

500 

305  Ca  310  (milled) 

305 

305 

91 

Calcium 

310 

0.5 

4.4 

285  Ca  500  (latex) 

285 

95 

Calcium 

500 

0.2 

2.2 

282  Ca  425 

282 

Calcium 

425 

0.3 

5.0 

350  Na  3100 

350 

i35 

Sodium 

3106 

Trace 

1.1 

450  Na  2500 

450 

Sodium 

2500 

390  A1  3000 

390 

ioi 

Aluminum 

3000 

Trace 

400  A1  1000  (app.) 

400 

Aluminum 

1000 

350  A1  1000  (app.) 

350 

Aluminum 

1000 

Oil  2000/100°  F. 

2000 

determine  which  of  two  greases  is  best  adapted  to  service  in 
a  given  chassis  bearing  under  given  sendee  conditions.  How¬ 
ever,  the  term  “given  service  conditions”  is  a  limitation 
which  greatly  restricts  our  general  problem,  and  atmospheric 
temperatures,  rain,  dust,  ice,  wear,  and  design  are  variables 
which  stand  in  the  way  of  simplified  service  testing.  The 
following  method  of  testing  has  been  worked  out  with  a  view 
to  including  the  more  normal  types  of  operating  conditions 
and  thus  forms  the  basis  of  opinions  on  retentivity  as  related 
to  oil  viscosity,  consistency,  type  of  soap  base,  and  quantity 
of  soap. 

Testing  Pressure-Gun  Greases  for  Retentivity. 
Either  plain  pin  or  screw-type  shackle  bolts  have  been 
adopted  for  the  testing  of  pressure-gun  greases  in  the  appara¬ 
tus  shown  in  Figures  1 
and  2  because  they  pre¬ 
sent  the  most  important 
current  shackle  bolt 
lubrication  problems.  A 
model  A  Ford  front 
spring  with  shackles  and 
a  Buick  series  33-50 
rear  spring  shackle, 
representing  character¬ 
istic  plain  pin  and  screw- 
type  shackle  bolts,  re¬ 
spectively,  make  it  pos¬ 
sible  to  study  reten¬ 
tivity. 


Tests 

Front  spring  with  plain  bushing 
shackles  on  chassis  lubricant  tester. 
Charge,  2.80  to  2.90  grams  of  grease. 


Figure  4 


The  actuating  cam  shown  in  Figure  1  was  driven  by  a  3- 
horsepower  electric  motor  through  a  30  to  1  reduction  gear. 
This  mechanism  imparts  a  2.5-cm.  (1-inch)  deflection  to  the 
spring  60  times  per  minute.  The  cam  is  so  designed  that  after 
maximum  lift  it  leaves  the  roller  follower  and  the  spring  returns 
freely  to  normal  position.  The  deflection  may  also  be  obtained 
by  means  of  a  suitably  designed  cam  as  in  Figure  2. 

Before  each  test  the  spring  shackles  were  completely  disas¬ 
sembled  and  washed  thoroughly  with  benzene,  care  being  taken 
to  remove  all  the  old  grease  from  the  grease  ducts  and  fittings. 
After  thorough  drying,  the  shackles  and  bolts  were  assembled, 
making  certain  that  all  interchangeable  parts  were  replaced  in  the 
positions  from  which  they  were  taken. 

A  small  screw-type  grease  gun  was  filled  with  the  grease  to  be 
tested  and  weighed  on  a  balance  to  the  nearest  0.05  gram.  Each 
shackle  was  charged  with  grease  until  it  showed  signs  of  being 
forced  out  at  the  ends  of  the  shackle  bolt  bushings.  The  filling 
gim  was  then  reweighed  and  a  small  pad  of  cotton  was  used  to 
wipe  off  the  excess  grease.  The  increase  in  weight  of  the  cotton, 
subtracted  from  the  loss  of  weight  of  the  gun,  gave  the  weight 
of  grease  charged  to  the  shackle.  The  clearance  between  shackle 
and  bushing  was  maintained  at  approximately  0.02  cm.  (0.008 
inch). 

One  form  of  grease-retention  test  consisted  of  taking  a  set  of 
six  readings  during  a  2-hour  test  period,  the  first  four  being  taken 
at  the  end  of  15-minute  periods  and  the  last  two  at  the  end  of 
0.5-hour  periods.  The  readings  were  obtained  by  shutting  the 
motor  down  and  wiping  the  edges  of  the  shackle  bolts  and  bush¬ 
ings  thoroughly  with  a  weighed  wad  of  cotton,  and  then  measur¬ 
ing  the  increase  of  weight  of  the  cotton. 

An  examination  of  Figures  3,  4,  and  5  reveals  that  neither 
the  kind  of  soap  base,  the  viscosity  of  the  oil  content,  the 
penetration  value,  nor  slight  variations  in  soap  content  alone 


Figure  5 
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make  one  product  better  than  another.  Probably  the  com¬ 
bination  of  these  factors  and  the  modifying  agents  present 
which  influence  adhesion,  aeration,  and  stability  of  the  grease 
while  in  the  shackles  are  the  important  items  in  determining 
the  retentivity  of  a  pressure-gun  grease. 

Grease  305  Ca  310  (Figure  4)  shows  a  loss  of  22  per  cent  in 
the  2-hour  retention  test  (first  number  indicates  worked  pene¬ 
tration;  second,  soap  base  symbol ;  third,  Saybolt  Universal 
viscosity  of  oil  content  at  37.78°  C.,  100°  F.).  Grease  354 
Ca  315  is  similar  with  regard  to  penetration,  type  of  soap,  and 
mineral  oil  viscosity,  but  shows  a  loss  of  28.8  per  cent.  A 
possible  explanation  of  this  difference  is  that  the  first  grease 
has  been  milled  to  stabilize  it,  thus  increasing  its  retentivity. 
It  therefore  may  be  concluded  that  the  usual  tests  for  pene¬ 
tration,  soap  base  within  certain  limits,  and  oil  viscosity  do 
not  accurately  indicate  the  degree  of  retention  which  may  be 
expected  from  a  given  pressure-gun  grease.  It  also  follows 
that  further  research  towards  establishing  a  correlation  be¬ 
tween  retention,  pressure  viscosity,  and  stability  of  the  grease 
film  within  the  bearing  are  greatly  needed. 

Retentivity  of  Pressure-Gun  Greases  in  Presence  of 
Water.  In  order  to  obtain  information  as  to  whether  or  not 
an  aluminum  stearate-base  grease  was  more  resistant  to  the 
action  of  rain  water  than  a  lime-base  grease,  the  retention 
tester  discussed  above  and  shown  in  Figure  1  was  equipped 
with  a  water-spray  apparatus. 

Alterations  made  in  equipment  consisted  in  the  addition  of  a 
device  for  spraying  water  upon  the  shackles,  and  the  building  of  a 
small  tank  about  the  apparatus  to  collect  the  water  sprayed  upon 
the  shackles.  The  spray  apparatus  consists  of  two  atomizers 
dipping  into  a  tray  of  water.  The  two  atomizers  are  operated  by 
air  under  pressure,  the  intensity  of  the  air  jet  being  controlled 
through  the  use  of  an  air  valve  and  a  pressure  gage.  The  spray 
apparatus  was  placed  in  position  so  that  a  fine  spray  of  water 
could  be  thrown  up  on  the  shackles. 

Modifications  of  this  device  have  undoubtedly  been  devised 
by  others  for  splashing,  dripping,  or  spraying  water  onto  the 
shackles.  The  device  as  used  is  a  simple  method  of  obtaining 
a  gentle  washing  action  analogous  to  what  might  be  met  in 
service  in  stormy  weather.  The  rebound  of  spray  from  the 
side  of  the  tank  and  other  parts  of  the  apparatus  results  in 
water  contacting  the  shackles  from  every  direction  from  which 
water  might  come  in  actual  service.  The  test  conditions  can 
also  be  fairly  well  reproduced  by  controlling  the  air  pressure 
and  the  level  of  the  water  in  the  tray. 

Table  II.  Retention  of  Grease 

(Lubricant  tester  as  shown  in  Figures  1  and  2,  plain  shackles,  2-hour  test 
period,  fine  spray  of  water) 


Grease  335  A1  283 

Grease  354  Ca  327 

Kind  of  soap 

Per  cent  of  soap 

Worked  penetration 

Oil  viscosity,  S.  U.  at  100°  F. 

Aluminum 

10.2 

335 

283 

Calcium 

7.9 

354 

327 

Charge  of  grease,  grams 

2.81 

2.81 

2.88 

Total  water  spray  on  shackles,  liters 
Water  wiped  from  bearing  surfaces 

and 

12.50 

12.15 

12.20 

grooves,  grams 

Grease  wiped  from  bearing  surfaces 

and 

0.141 

0.235 

0.302 

grooves,  grams 

Grease  obtained  by  pressure-benzene 

0.160 

0.149 

0.179 

treatment 

1.241 

1.320 

1.302 

Total  grease  retained,  grams 

1.401 

1.469 

1.481 

Per  cent  retention 

50 

52 

51 

The  spring,  shackle  bolts,  and  the  crossbar  from  which  the 
spring  and  shackles  were  suspended  were  assembled  outside 
the  tank  which  surrounds  the  lift  cam.  An  excess  of  grease 
was  forced  through  the  Zerk  fittings  of  the  apparatus  and 
measurements  made  as  previously  described. 

A  2-hour  test  period  was  selected.  This  was  consistent 
with  previous  tests  carried  out  in  the  absence  of  water,  in 
which  the  length  of  the  test  period  was  2  hours.  Except  for 


Figure  6.  Universal  Joint  Grease  Service  Tester, 
Viewed  from  Above 

Electric  dynamometer  at  right  for  absorbing  power  transmitted.  Note 
method  for  determining  temperatures  within  joints  by  means  of  thermo¬ 
couples  and  shield  for  accumulating  grease  thrown  from  joint. 


the  spray  playing  on  the  shackles,  the  conditions  of  the  test 
were  identical  with  those  of  tests  carried  out  on  a  dry  basis. 
It  was  not  possible  to  carry  out  observations  on  the  amount 
of  grease  leaving  the  shackles  at  15-minute  or  0.5-hour  inter¬ 
vals  so  as  to  obtain  a  retention-time  curve. 

The  problem  of  recovering  the  grease  from  the  water 
sprayed  on  the  shackles  was  given  consideration.  However, 
this  seemed  impractical  since  the  surfaces  of  the  interior  of  the 
tank  were  large  and  the  surfaces  of  the  springs  wrere  irregular 
and  likely  to  retain  a  certain  amount  of  grease  in  crevices. 
The  removal  and  measurement  of  the  grease  retained  on  the 
bearing  was  resorted  to  since  the  surface  areas  were  smaller 
and  easier  to  work  with. 

The  results  shown  in  Table  II  wrere  obtained  in  the  test. 

The  results  on  the  two  greases  are  in  fairly  close  agreement, 
except  in  the  amount  of  water  removed  from  the  shackles. 
However,  these  water  figures  are  not  very  reliable,  since 
losses  are  bound  to  occur  through  evaporation  of  water  and 
probably  also  the  loss  of  droplets  of  water  from  the  shackles 
in  removing  shackle  bolts.  Neither  grease  showed  any  evi¬ 
dence  of  emulsification  in  the  shackles  as  the  result  of  the 
entrance  of  water. 

The  comparison  between  these  two  greases  seems  to  be  a 
fair  basis  for  comparison  of  calcium-  and  aluminum-base 
chassis  lubricants  under  wet  conditions,  since  the  oil  viscosi¬ 
ties,  consistencies,  and  soap  contents  of  the  two  greases  were 
similar. 

A  complete  investigation  of  the  effect  of  water  on  shackle 
lubrication  would  of  course  include  an  investigation  of 
screw-type  shackles  as  well  as  plain  shackles,  and  also  the 
effect  of  different  methods  of  bringing  water  in  contact  with 
the  shackles.  The  effect  of  high-pressure  washing  should  be 
of  special  interest  in  this  regard.  The  effect  of  oil  viscosity, 
soap  content,  and  glycerol  content  on  retention  under  wet 
conditions  might  also  be  investigated.  However,  since  the 
results  so  far  obtained  show  so  little  difference  in  the  behavior 
of  calcium-  and  aluminum-base  greases  in  the  presence  of 
water,  it  is  doubtful  if  much  information  of  value  would  be 
obtained  by  further  work  on  a  comparison  of  aluminum-  and 
calcium-base  greases,  although  a  comparison  with  sodium- 
base  grease  would  no  doubt  be  of  interest. 

Ordinarily,  it  is  considered  that  temperature  conditions 
met  with  in  pressure-gun  grease  service  are  so  low  that  high 
melting  point  soda-base  greases  are  unnecessary.  Since 
speeds  and  load  are  low,  extreme  pressure  agents  in  most 
cases  appear  to  be  unnecessary. 
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Universal  Joint  Grease 

Figure  6  shows  a  view  of  an  apparatus  used  for  service 
testing  of  universal  joint  greases.  It  consists  essentially  of 
two  joints  connected  by  an  intermediate  shaft,  the  entire 
assembly  being  driven  by  a  30-horsepower  induction  motor. 
Tests  may  be  carried  out  at  a  speed  of  3590  r.  p.  m.  which 
corresponds  to  an  approximate  road  speed  of  80  miles  per 
hour.  The  load  transmitted  was  20  horsepower  and  was 
absorbed  by  means  of  a  35-horsepower  Sprague  dynamometer. 
Conditions  conducive  to  accelerated  wear  were  provided 
for  by  operating  the  joints  at  an  angle  of  10°.  Temperatures 
within  the  bearings  were  obtained  by  means  of  thermocouples 
and  retention  of  the  grease  was  studied  and  measured  by 
collecting  the  grease  thrown  from  the  joints. 

Penetration.  Table  III  shows  that  very  little  relation 
exists  between  penetration  and  the  temperatures  attained 
within  universal  joints.  Sample  4  has  a  fairly  low  un worked 
penetration  value  of  205,  and  the  temperature  rise  within  the 
universal  joint  was  19.5°  C.  (35°  F.).  Universal  joint  grease 
7  was  much  softer,  having  an  unworked  penetration  value  of 
325,  yet  the  temperature  rise  was  27.8°  C.  (50°  F.).  Universal 
joint  grease  6  is  somewhat  heavier  than  7,  but  the  lower  pene¬ 
tration  value  of  275  apparently  did  not  cause  any  significant 
difference  in  the  bearing  operating  temperature  which  re¬ 
mained  at  50°  above  atmospheric.  It  is  therefore  concluded 
that  from  the  standpoint  of  service  the  penetration  of  a 


universal  joint  grease  is  not  of  paramount  importance.  It  is 
fully  realized  that  consistency  and  viscosity  must  be  taken 
into  consideration  in  dispensing  greases  at  low  temperatures. 
A  range  of  300  to  330  worked  penetration  should  be  satis¬ 
factory  for  purposes  of  manufacturing  control. 

Percentage  of  Water.  Most  commercial  universal  joint 
greases  contain  less  than  one  per  cent  of  water,  and  while  it 
appears  that  the  moisture  content  has  no  direct  bearing  on 
efficacy  of  lubrication,  it  is  felt  that  a  good  grease  should  not 
contain  more  than  1.5  per  cent  of  water.  At  very  low  tem¬ 
peratures,  greases  containing  no  glycerol  and  much  water 
might  be  found  objectionable. 

Melting  Point.  Inasmuch  as  the  service  tests  indicate 
no  definite  advantages  for  No.  5  and  No.  7  high  melting  point 
greases,  particularly  from  the  standpoint  of  bearing  tempera¬ 
tures  and  wear,  the  point  is  not  especially  important  if 
service  characteristics  alone  are  taken  into  consideration. 
If  a  high  melting  point  were  indicative  of  good  grease  reten¬ 
tion,  we  should  expect  No.  5  and  No.  7  to  be  considerably  less 
subject  to  leakage.  An  examination  of  Table  III  will  indicate 
that  the  opposite  of  this  is  true.  We  therefore  conclude  that, 
from  the  standpoint  of  service,  melting  point  specifications 
are  not  essential  providing  the  greases  are  well-made  products 
having  soda-soap  bases. 

Free  Alkali.  The  analysis  indicates  that  grease  5  has  a 
free  acid  content  of  0.42  per  cent.  However,  the  corrosion 
test  (copper  strip,  3  hours  at  100°  C.,  212°  F.)  was  satisfactory 


Table  III.  Results  of  Service  Tests  Made 

WITH  A 

Spicer  Universal  Joint 

(Type  G,  plain  bearing  joint) 

F e-203  in 

Viscosity  of  Oil, 

MaeMichael 

Max.  Op.  Temp.  Universal  Joint 

Throw-Off 

Pressure 

Saybolt  Seconds 

Penetration  Cone  No.  24  Wire  at 

Sample  above  Housing 

after  Test 

30  Hours'1 

Viscosity  b 

at  100 

°  F. 

Soap 

at  77°  F. 

C 

95°  F. c 

o 

Gram 

Grams 

G./min. 

% 

1  30i 

0.1573 

65.0s 

869s 

657’ 

14.1 

299 

180 

2  312 

0 . 1986 

62.5s 

949s 

1082® 

11.4 

345 

100 

3  34s 

0.133s 

60.0s 

544  s 

247s  Fur. 

8.2 

304 

160 

4  354 

0.245’ 

67.0’ 

602* 

745’  Fur. 

14.2 

204 

Not  detd. 

5  38s 

Trace1 

58.82 

3422 

1986s 

7.8 

310 

Not  detd. 

6  506 

0. 117’ 

54. 5‘ 

230* 

295’ 

18.5 

275 

Not  detd. 

7  50’ 

0.143* 

61.8* 

602* 

2072* 

7.8 

325 

Not  detd. 

Exponents  indicate  relative  standing. 

a  100-gram  initial  charge. 
b  30  lb.  per  sq.  inch  at  140°  F. 
e  Unworked. 

Table  IV.  Analytical  Data  on  Commercial  Universal 

Joint  Greases 

Grease  No. 

Physical  Properties: 

1 

2  3 

4 

5 

6 

7 

8 

9 

Appearance 

Granular 

Stringy  Stringy 

Stringy 

Stringy 

Stringy 

Stringy 

Stringy 

Dark  green 

and  dark 

and  dark  and  dark 

and  dark  and  dark  and  dark 

and  dark 

and  dark  Brown 

green 

green  green 

green 

green 

green 

green 

green 

Odor 

Sweet 

Soapy  Soapy 

Soapy 

Soapy 

Soapy 

Soapy 

Soapy 

Soapy 

Melting  point,  °  C.,  Gillette 
Melting  point,  °  C.,  Ubbelohde 

72 

59  49 

86 

50 

80 

62 

66 

Liquid 

130 

82  151 

167 

143 

126 

153 

143 

Liquid 

Channel  test,  °  F. 

25 

15  30 

80 

15 

30 

20 

25 

10 

Penetration  at  77°  F.,  unworked 

205 

310 

275 

325 

310 

Penetration  at  77°  F.,  worked 

320 

325 

330 

MaeMichael,  viscosity  No.  24  wire  at  95°  F. 

180 

100  160 

Corrosion,  copper  strip,  3  hrs.  at  212°  F. 

O.K. 

O.K.  O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

o.k. 

Bleeding  test,  1  hr.  at  175°  F. 

No  sep. 

No  sep.  No  sep. 

No  sep. 

No  sep. 

No  sep. 

No  sep. 

No  sep. 

Separation  test  at  220°  F. 

None 

None  None 

None 

None 

Separation  test  at  250°  F. 
Composition,  per  cent  by  weight: 

None 

None 

None 

Slight 

Soap 

14.1 

11.4  8.2 

14.2 

7.8 

18.5 

7.8 

7.9 

8.0 

Moisture 

0.70 

0.65  0.1 

0  60 

0.7 

1.5 

0.55 

0.45 

0.6 

Oil 

85.0 

86.0  91.0 

86.0 

90.7 

80.3 

91.0 

92.5 

91.6 

Free  alkali  (or  acid) 

Neutral 

(oleic  acid) 

0.35 

0.42 

0.42 

0.7 

(NaOH) 

0.03 

0.01 

6.2 

0.09 

Asphaltic  material 

0.14 

0.37  0.26 

0.06 

0.24 

0.04 

0.07 

0.43 

0.01 

Sulfur 

Ash: 

0.49 

0.82  0.96 

0  34 

0.89 

0.32 

0.36 

0.64 

0.45 

Per  cent  by  weight 

Analysis,  per  cent  of  ash: 

Na2COa 

2.61 

2.09  1.50 

2.59 

1.44 

3.68 

1.61 

1.47 

0.89 

95.4 

92.2  87.2 

87.4 

82.1 

95.2 

82.8 

87.6 

Na2S04 

4.3 

5.5  11.5 

9.0 

12.2 

4.1 

8.6 

10  9 

Fe2C>3 

AI2O3 

1.0 

1.1 

2 !  9 

CaO 

0.4 

0.5 

2.0 

0.2 

2.3 

0.9 

95.0 

Acid-insoluble  and  Fe2C>3 

Mineral  oil: 

0.9 

1.1  0.8 

4.0 

0.9 

Viscosity,  S.  U.  at  100°  F. 

657 

1062  247  Fur. 

745  Fur. 

1986 

295  Fur. 

2072 

1060 

2810 

Viscosity,  S.  U.  at  210°  F. 

65 

66  109.6 

156 

102 

153 

111 

66.0 

128 

Gravity,  °A.  P.  I. 

22.4 

17.4  19  7 

20.9 

20.3 

23.7 

20.8 

17.4 

19.0 

Flash,  °  F. 

400 

395  415 

465 

405 

515 

335 

365 

405 
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Figure  7.  Rejection  of  Lubricant  by 
Spicer  Plain  Rearing  Universal  Joint, 
Type  G 


Speed  3590  r.  p.  m.,  10°  angularity  between  faces. 
Original  charge  100  grams  of  lubricant 


Figure  8.  Temperature  Increase  in  Spicer 
Type  G  Universal  Joint 


Speed  3590  r.  p.  m.,  20  h.  p.,  10°  angularity 


Figure  9.  Rejection  of  Lubricant  from 
Spicer  Needle-Bearing  Universal  Joint, 
Type  KRL 

Speed  3590  r.  p.  m.,  load  20  h.  p.  Universal  joint  charged 
with  lubricant  to  7.5  grams 


and,  since  wear  in  the  service  test  was  exceedingly  low  for 
this  product,  it  must  be  concluded  that  the  free  acid  content 
of  even  this  amount  is  not  a  serious  disadvantage.  While 
these  service  tests  have  not  been  carried  out  with  the  particu¬ 
lar  view  of  ascertaining  the  practical  significance  of  free  alkali 
and  free  acid,  the  results  obtained  are  such  that  no  particular 
service  disadvantages  could  be  predicted  on  the  basis  of  these 
qualities.  Therefore  the  free  alkali  and  free  acid  specifica¬ 
tions  appear  to  have  no  very  useful  purpose  with  regard  to 
service. 

Fillers.  It  is  the  writer’s  belief  that  no  grease  recom¬ 
mended  for  universal  joint  lubrication  should  contain  any 
appreciable  quantity  of  filler,  as  inert  solid  materials  would 
greatly  accelerate  wear. 

Ash.  The  ash  content  is  some  indication  as  to  the  per¬ 
centage  of  soap  present  in  the  grease.  Since  the  soap  content 
does  not  correlate  at  all  well  with  retention  properties,  it  can¬ 
not  alone  be  taken  as  an  indication  of  serviceability.  It  will 


Figure  10.  General  Arrangement  of  Laboratory  Ap¬ 
paratus  for  Making  Service  Tests  on  Wheel  Bear¬ 
ing  Greases 


be  observed  from  Table 
III  that  universal  joint 
grease  5,  containing  only 

7.8  per  cent  of  soap,  lost 

58.8  per  cent  in  30  hours 
of  operation,  as  com¬ 
pared  with  54.5  per  cent 
for  No.  6,  containing 
18.5  per  cent  of  soap. 
This  difference  in  reten¬ 
tion  properties  is  not 
proportional  to  the  dif¬ 
ference  in  soap  percentages.  Again,  universal  joint  grease  1, 
a  nationally  advertised  product  which  was  found  to  be  lost 
from  the  joint  to  a  greater  extent  than  any  of  the  other  prod¬ 
ucts  tested,  contains  only  4.4  per  cent  less  soap  than  No.  6 
which  had  the  best  retention  properties.  Therefore,  the  ne¬ 
cessity  for  specifying  the  ash  or  soap  content  is  not  at  all  ap¬ 
parent  when  considering  service  results.  It  is  obvious  that  in 
order  to  conform  to  definite  penetration  ranges  an  adequate 
soap  content  must  be  utilized  by  the  grease  manufacturer. 
The  fact  that  the  ash  content  may  vary  within  fairly  wide 
limits  does  not  appear  to  have  a  serious  effect  on  service  results. 

Corrosion.  None  of  the  commercial  universal  joint  greases 
investigated  failed  to  meet  the  copper-strip  corrosion  test. 

Mineral  Oil.  What  has  been  said  above  with  regard  to 
soap  content  can  also  be  applied  to  the  percentage  of  mineral 
oil  used  for  compounding  universal  joint  lubrications.  Slight 
variations  in  soap  content  and  consequently  oil  content  are 
not  reflected  in  the  service  results. 

Tests  with  Needle-Bearing  Universal  Joints.  Gear 
oils  and  semi-fluid  gear  greases  of  the  types  recommended  by 
the  manufacturers  of  the  needle-bearing  trunnion  universal 
joints  are  rejected  at  a  rate  some  ten  times  greater  than  that 
of  a  grease  such  as  No.  6,  while  the  operating  temperatures 
are  substantially  the  same  in  each  case.  At  the  end  of  32 
hours’  testing,  with  each  of  the  lubricants  used,  the  rejection 
curve  showed  that  little  further  rejection  was  probable,  and 
that  ample  lubricant  remained  in  the  bearings. 

Lubrication  failure  for  needle  joints  appears  possible  only 
through  careless  assembly  or  damage  to  the  cork  seals,  re¬ 
gardless  of  mileage  run. 

During  the  test  period  which  exceeded  10,000  miles  the 
wear  on  the  bearings  was  negligible.  The  fine-lapped  finish 
of  the  bearing  pins  did  not  acquire  a  full  polish  during  this 
time. 

Figure  9  presents  the  performance  of  the  greases  tested  in 
a  clear  form,  showing  especially  the  low  throw-off  of  universal 
joint  grease  6  with  its  satisfactory  operating  temperature. 


Figure  11.  Wheel  Bearing  Grease  Tester  Shown 
in  Figure  10 


Disassembled  to  show  method  of  applying  axial  load  by  means  of  the 
weight  and  lever  system.  Note  thermocouple  leads  to  bearing. 
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Figure  12.  Weeel  Bearing  Temperature  Increases 


Load,  7580  pounds 


possible.  Observations  of  the  oil  films  and  the  color  of  the  sur¬ 
faces  of  the  rollers  and  races  were  made  at  this  time,  and  particu¬ 
lar  attention  was  paid  to  any  changes  in  the  character  of  the 
grease.  The  tendency  of  the  grease  to  leak  from  the  bearing  was 
also  noted. 

Results  of  Tests.  The  relative  ratings  of  the  wheel 
bearing  greases  tested  are  summarized  in  Table  V.  The  best 
product  tested  is  given  an  arbitrary  value  of  1  and  that  which 
is  considered  most  unsatisfactory  has  been  assigned  a  value  of  7. 


Table  V.  Test  of  Wheel  Bearing  Greases 


Time  to 

Appearance 

Retention 

Reach  High 

Temperature 

of  Roller 

of 

Final 

Grease 

Temperatures 

Rise 

Bearing 

Grease 

Rating 

Hours 

°  F. 

1 

(1)  39 

(1)  250 

1 

1 

1 

2 

(2)  24 

(2)  220 

3 

2 

2 

3 

(3)  16 

(3)  250 

1 

3 

3 

4 

(4)  12 

(5)  220 

6 

4 

4 

5 

(5)  9 

(4)  200 

3 

5 

5 

6 

(6)  10 

(6)  260 

3 

6 

6 

7 

(7)  3 

(7)  275 

7 

7 

7 

Because  the  performance  of  universal  joint  grease  6  was  so 
sastisfactory  in  service  tests,  it  is  concluded  that  a  grease  is 
preferable  to  an  oil. 

Wheel  Bearing  Greases 

A  service  testing  device  which  has  been  utilized  successfully 
consisted  of  a  front  wheel  hub  and  spindle  assembly  from  a  model 
A  Ford  car.  The  arrangement  of  this  spindle  and  the  mecha¬ 
nism  employed  for  loading  the  bearings  in  an  axial  direction  are 
shown  completely  in  Figure  10.  An  axial  load  of  1386  pounds 
is  produced  by  a  weight  of  30  pounds  at  the  end  of  the  lever  arm. 
This  is  equivalent  to  producing  a  total  radial  load  of  7580  pounds 
on  the  bearing.  Obviously,  this  load  of  7580  pounds  is  greatly 
in  excess  of  the  normal  load  which  a  Ford  front  axle  is  required 
to  carry,  although  shock  loads  may  be  even  higher.  The  hub  is 
operated  by  means  of  a  0.5-horsepower  motor  producing  a 
speed  of  860  r.  p.  m.  This  is  equivalent  to  a  road  speed  of 
approximately  80  miles  per  hour.  Both  the  loading  and  speed 
are  considerably  in  excess  of  normal  conditions  for  a  car  operating 
on  the  road.  This,  however,  was  considered  necessary  in  order 
to  produce  accelerated  tests. 

Thermocouples  were  placed  under  the  inner  race  of  both  spindle 
bearings  and  enabled  fairly  accurate  temperatures  to  be  ob¬ 
tained  with  the  bearings  in  service.  The  entire  wheel  bearing 
grease  tester  was  enclosed  in  a  thin  metal  housing  in  order  to 
avoid  sudden  fluctuations  in  temperature  due  to  drafts.  New 
outer  bearing  cones  and  races  were  used  for  each  test  run.  After 
thoroughly  cleaning  the  bearings  with  aviation  gasoline,  they 
were  carefully  packed  with  10  grams  of  the  sample  of  grease  to  be 
tested,  the  grease  being  kneaded  into  the  spaces  between  the 
Timken  tapered  rollers  and  their  separator.  Later  tests  indi¬ 
cate  that  one  of  the  patent  bearing  packers  would  accomplish 
accurate  results. 

Temperature  readings  for  the  bearings  were  made  hourly  and 
at  the  same  time  the  housing  and  atmospheric  temperatures  were 
recorded.  Following  these  hourly  temperature  readings,  the 
driving  motor  was  stopped  and  the  apparatus  disassembled  for 
inspection.  Care  was  taken  to  disturb  the  grease  as  little  as 


Figure  13.  Chassis  Dynamometer  Attachment  for 
Making  Wheel  Bearing  Grease  Tests  in  Loaded 
Front  Wheels 

Heat  supplied  by  electric  resistance  coils  to  simulate  conditions 
of  braking 


The  temperature-time  relationship  obtained  for  the  several 
greases  tested  is  shown  more  clearly  in  Figure  12  than  is 
indicated  in  Table  V  where  the  time  to  reach  an  objectionably 
high  temperature  is  variable  as  well  as  the  rise  above  the 
atmospheric  temperature.  Grease  1  was  found  to  be  definitely 
superior  in  all  the  qualities  observed. 

The  analyses  of  the  wheel  bearing  greases  tested  are  shown 
in  Table  VI.  The  following  brief  comments  deal  with  the 
laboratory  tests  made  on  the  greases  investigated  and  discuss 
the  formulas  and  usual  chemical  laboratory  tests. 

Penetration.  Grease  manufacturers  are  not  in  general 
agreement  as  to  whether  worked  or  unworked  penetration 
values  should  be  established.  Table  VI  shows  wheel  bearing 
greases  having  variations  in  unworked  penetrations  ranging 
from  155  for  grease  8  to  240  for  grease  9.  The  worked  pene¬ 
tration  values  range  from  197  to  316.  Information  from  other 
sources  indicates  that  the  consistency  of  commercial  wheel 
bearing  greases  may  vary  from  a  worked  penetration  value 
of  170  to  values  as  high  as  300.  It  is  realized  that  worked 
penetration  values  are  more  significant  from  the  standpoint  of 
service  than  corresponding  unworked  penetrations.  For  a 
satisfactory  grease  there  should  be  no  objection  to  establish¬ 
ing  a  worked  penetration  range  of  210  to  240. 

Percentage  of  Water.  In  general,  the  water  content 
of  wheel  bearing  grease  at  present  used  throughout  the 
country  will  vary  from  a  trace  to  as  much  as  1.8  per  cent. 
The  effect  of  these  variations  in  water  content  has  not  been 
conclusively  demonstrated  in  the  service  tests  which  the 
author  has  conducted.  It  is  felt  that  the  presence  of  appreci¬ 
able  quantities  of  water  is  of  little  significance  and  it  has  been 
found  that  the  experimental  grease,  containing  as  much  as 
1.1  per  cent  of  water,  produces  no  objectionable  corrosion  or 
discoloration  of  used  grease  or  bearing  surfaces.  A  high 
water  content  may  tend  to  increase  corrosion  and  wear,  al¬ 
though  this  has  not  been  definitely  proved.  In  order  to  reduce 
the  tendencies  in  this  direction,  0.1  per  cent  of  a  material  to 
inhibit  corrosion  has  been  added  to  grease  1.  Practical  tests 
have  shown  that  in  the'presence  of  this  ingredient  the  water 
content  may  reach  rather  high  percentages  without  detrimen¬ 
tal  effects  to  the  bearings.  A  maximum  water  content  of  1.5 
per  cent  is  a  good  working  value. 

Melting  Point.  It  will  be  observed  from  Table  VI  that 
Ubbelohde  dropping  points  vary  from  100°  C.  for  grease  7  to 
200-f-  °  C.  for  grease  4.  A  study  of  dropping  points  in  con¬ 
nection  with  service  results  and  retention  in  wheel  bearings 
has  not  conclusively  demonstrated  that  a  minimum  specifica¬ 
tion  as  high  as  180°  C.  is  definitely  necessary.  In  view  of  the 
fact  that  field  and  laboratory  service  tests  have  not  resulted  in 
noticeable  leakage  when  operating  on  wheel  bearing  grease  1 
having  an  Ubbelohde  dropping  point  of  145°  C.,  a  minimum 
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Table  VI. 

Analytical  Results  on  Wheel  Bearing  Greases 

Grease  No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Physical  tests: 

Appearance 

Bright 

Brown 

Green 

Green 

Light 

Bright 

Gray 

Dark 

Dirty 

Brown 

black 

Sit. 

black 

brown 

brown 

green 

brown 

green 

brown 

Granular 

• 

Odor 

Spongy 

E.  P.  base 

Stringy 

Fatty 

Stringy 

Soapy 

Stringy 

Soapy 

Stringy 

Soapy 

Soapy 

Soapy 

Granular 

Stringy 

Soapy 

Soft 

Stringy 

Soapy 

Stringy 

Sweet- 

Dropping  point,  0  C. 

Gillette 

100  + 

80 

100  + 

97 

and  like 
nitro¬ 
benzene 

pungent 

Ubbelohde 

i45 

i80 

162 

200  + 

133 

i62 

100 

138 

i29 

139 

Unworked  penetration  at  77°  F. 

164 

204 

199 

198 

159 

155 

240 

189 

Worked  penetration  at  77°  F. 

232 

236 

225 

280 

236 

197 

316 

310 

Separation  test  at  250°  F. 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Corrosion,  3  hrs.  at  210°  F. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

Composition,  per  cent  by  weight: 

Water 

-  1.4 

1.4 

0.1 

1.75 

0.45 

1.8 

1.0 

1.8 

1.1 

Oil 

80  3 

83.5 

79  0 

78.5 

72.0 

79.5 

81.0 

73.0 

Soap 

19.9 

16.4 

19.0 

18.8 

23.5 

18.4 

17.2 

22.0 

Free  alkali  as  NaOH 

0.04 

Neutral 

0. 19 

0.12 

0.02 

0.18 

0.05  as 

0.13 

0.11 

Free  acid  as  oleic 

Ca(OH)2 

0.07 

Ash: 

Per  cent  by  weight 

2.86 

4.14 

3.20 

3.41 

4.02 

2.60 

3.90 

2.95 

4.30 

Analysis,  per  cent  of  ash: 

Na2COs 

89.8 

93.3 

97.2 

89.6 

95.7 

96.9 

94.1 

Na2SO, 

7.0 

3.4 

2.0 

8.5 

2.8 

3.4 

3.9 

R2O3 

2.2 

1.0 

0.2 

1.5 

1.6 

1.3 

Ca2SC>4 

Na2SC>4 

CaO 

1.0 

0.2 

0.4 

0.3 

96.2 

Mineral  oil: 

Viscosity,  S.  U.  at  100°  F. 

348  Fur. 

1254 

330 

282 

355 

803 

1867 

1440 

Viscosity,  S.  U.  at  210°  F. 

179  app. 

66.1 

76.0 

50.3 

at  130° 
72.2 

52.1 

63.7 

90.4 

81.8 

Gravity,  0  A.  P.  1. 

22.2 

21.1 

23.9 

25.4 

22.1 

20.9 

19.6 

20.2 

Table  VII.  Performance  Characteristics  of  Steering  Gear  Lubricants 

Mechanical  Efficiency 


Lubricant 

Buick  gear, 

-40°  F. 

%  Efficient,  150°  F. 

Timken 

Timken  Film  Strengths 

Heat  Stability  Separation 
at  220°  F. 

Reten¬ 

Stat. 

Dyn. 

Stat. 

Dyn. 

Wear' 

O.  K. 

Failed 

tion' 

% 

% 

% 

% 

Mg. 

% 

1 

24.0 

13.0 

75.0 

77.0 

34.4 

8,575 

11,430 

Jells 

4.8 

2 

31.0 

16.0 

73.5 

76.0 

24.9 

7,140 

10,000 

Jells 

3.0 

3 

0  Solid 

0 

80.0 

79.5 

31.2 

14,280 

17,140 

Becomes  hard 

1.15 

4 

71.0 

55.0 

76  5 

79.7 

14,280 

17,140 

O.K. 

9.2 

5 

27.0 

8.0 

73.5 

77.5 

(+8 

22,860 

25,700 

O.K. 

8.9 

6 

62.0 

36.0 

76.2 

78.0 

8.2 

17,140 

18,570 

O.K. 

3.5 

7 

68.0 

62.0 

70.0 

76.5 

14,280 

17,140 

Oil  separates 

5 . 65 

8 

68.0 

15.0 

73.5 

76  0 

2,900 

5,714 

Oil  separates 

3.8 

a  6  hours  at  100  feet  per  minute,  40,000  lb.  per  sq.  inch. 
b  400  feet  per  minute,  lb.  per  sq.  inch. 
e  Per  cent  of  charge  lost. 


Ubbelohde  dropping  point  of  135°  C.  (275°  F.)  appears  to  be 
justifiable. 

Percentage  of  Free  Alkali  and  Free  Acid.  There 
should  be  no  objection  to  a  maximum  free  alkali  value  of  0.6 
per  cent  and  a  maximum  free  acid  value  of  0.3  per  cent,  but 
many  bearing  manufacturers  specify  much  closer  ranges.  It 
is  felt,  however,  that  there  should  be  no  difficulty  in  maintain¬ 
ing  wheel  bearing  greases  at  a  point  much  nearer  to  neutral 
than  is  indicated  by  these  rather  wide  ranges.  From  the 
standpoint  of  service,  however,  there  are  no  indications  that 
products  having  extreme  values  within  these  ranges  will  be 
objectionable  under  actual  service  conditions. 

Percentage  of  Fillers.  It  is  generally  agreed  that  any 
good  wheel  bearing  grease  should  contain  no  appreciable 
quantities  of  inert  fillers,  as  these  materials  will  act  as  lapping 
compounds  and  cause  increased  wear. 

Percentage  of  Ash.  Reference  to  Table  VI  reveals  that 
the  soap  contents  of  the  wheel  bearing  greases  investigated 
vary  from  16.4  to  23.5  per  cent.  The  best  service  results  were 
obtained  with  grease  1,  having  a  soap  content  of  19.5  per  cent. 
In  general,  the  ash  values  are  proportional  to  the  percentage 
of  soap.  However,  appreciable  deviations  in  the  ash  content 
are  not  considered  as  having  any  particular  influence  on  the 
serviceability  of  the  grease.  It  is  therefore  apparent  that 
a  maximum  ash  content  of  5  per  cent  could  be  readily  met  by 
most  grease  manufacturers  and  there  is  no  need  for  meeting 
rigid  specifications  established  at  appreciably  lower  values. 
From  the  standpoint  of  control  and  uniformity,  however, 
complying  with  the  above  suggested  worked  penetration 


ranges  would  serve  in  a  better  manner  than  making  ash 
tests  on  all  batches  of  wheel  bearing  grease. 

Corrosion.  None  of  the  greases  investigated  was  found 
to  be  unsatisfactory  when  subjected  to  the  3-hour  copper 
strip  corrosion  test  carried  out  at  100°  C.  (212°  F.).  While  it 
might  appear  that  there  is  no  necessity  for  including  a  speci¬ 
fication  of  this  kind  in  view  of  the  general  high  quality  of 
greases  in  this  respect,  it  is  felt  that,  since  wheel  bearing  greases 


Figure  14.  Inner  Race  of  Tapered  Roller- 
Type  Wheel  Bearing 

Showing  results  of  overloading  and  improper  lubrication 
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Figure  15.  Laboratory  Apparatus 
for  Determining  Service  Charac¬ 
teristics  of  Automotive  Water- 
Pump  Greases 

Temperature  of  cooling  fluid,  rate  of  flow, 
and  discharge  pressure  of  pumps  are  easily 
controlled. 


cussed  under  the  heading  of  “Percentage 
of  Ash.”  Wheel  bearing  grease 
7  has  been  prepared  with  a  calcium 
base  and  in  service  tests  has  been  given 
a  rating  of  7,  and  from  all  considera¬ 
tions  was  the  most  objectionable  prod¬ 
uct  investigated.  Not  emphasized  in 
Table  V  is  the  fact  that  leakage 
for  grease  7  was  many  times  that  of 
any  of  the  other  greases  tested.  It  is 
significant  that  all  of  the  other  greases 
were  manufactured  with  soda-soap 
bases. 


Water -Pump  Grease 

A  laboratory  service  testing  device, 
making  use  of  Chevrolet  or  other  makes 
of  water  pumps,  is  shown  in  Figure  15. 
By  selection  of  a  motor  pulley  of  suit¬ 
able  size,  pumpshaft  speeds  may  be 


may  contain  sulfur- 
ized  materials  and 
other  “extreme  pres¬ 
sure”  bases,  the  cor¬ 
rosion  test  is  of  im¬ 
portance.  There  is 
some  evidence  from 
the  field  that  soda- 
soap  base  wheel 
bearing  greases  are 
corrosive  when  a 
small  amount  of 
water  gains  entrance 
to  a  bearing.  For 
this  reason,  the  ad¬ 
dition  to  soda-soap 
greases  of  traces  of 
compounds  which 
inhibit  corrosion 
seems  justified. 

Soap.  The  ques¬ 
tion  of  soap  con¬ 
tent  has  been  dis- 


Figure  16.  Apparatus  for  Deter¬ 
mining  Static  and  Dynamic  Effi¬ 
ciencies  of  Steering  Gears 

Front  removed  to  show  arrangement  of  gears 


Efficiency.  A  steering  gear  lubricant 
tester  was  constructed,  as  shown  in  Fig¬ 
ure  16,  in  such  a  way  that  two  gears  could 
be  held  at  controlled  temperatures  and 
the  ratio  of  steering  wheel  effort  to  steer¬ 
ing  arm  torque  could  be  determined.  The 
gears  tested  were  a  Saginaw  worm  and 
roller  type  made  for  Buick  cars  and 
representative  of  steering  gears  used  by 
General  Motors  for  1934,  and  a  Gemmer 
worm  and  sector  type  as  used  on  the  1934 
Ford.  Gears  of  these  types  are  estimated 
to  be  on  30  and  62  per  cent,  respec¬ 
tively,  of  1932-34  cars.  Large  inspection 


attained  of  500  to  2000  r.  p.  m.  Water  at  temperatures  up 
to  100°  C.  (212°  F.)  or  various  antifreeze  mixtures  which 
may  have  a  detrimental  effect  on  the  lubricating  film  are 
placed  in  the  rectangular  metal  boxes  on  the  sides  of  which 
the  pumps  are  mounted.  Practical  tests  and  comparisons  of 
the  abilities  of  greases  to  resist  the  displacing  action  of  the 
various  solutions  can  be  made. 

Prolonged  tests  with  various  makes  of  pump  packing,  in 
which  the  packing  gland  is  kept  abnormally  tight,  yield  re¬ 
sults  bearing  on  the  characteristics  of  grease  and  packing  most 
desirable  for  preventing  shaft  scoring.  With  this  device  it  is 
also  possible  to  gain  information  as  to  the  quantity  of  grease 
which  may  find  its  way  into  the  cooling  system  and  retard 
heat  transfer.  The  investigation  with  this  equipment  has  not 
yet  been  completed. 


Steering  Gear  Grease 

Eight  steering  gear  lubricants  were  subjected  to  a  series  of 
tests  to  determine  their  qualities  in  four  essential  respects: 
efficiency,  wear,  stability,  and  retention.  The  efficiency  and 
retention  tests  were  applied  over  a  temperature  range  from 
-40°  to  82.22°  C.  (-40°  to  180°  F.). 

The  tests  were  mostly  of  a  conventional  nature,  but  atten¬ 
tion  is  drawn  to  the  separation  test  at 
104.44°  C.  (220°  F.)  which  is  regarded 
as  being  significant.  The  aluminum- 
soap  greases  (No.  1,  No.  2,  and  No.  3) 
heated  to  this  temperature  either  jell  or 
solidify,  and  the  calcium-soap  lubri¬ 
cants  (No.  7  and  No.  8)  separate  and 
do  not  recombine  on  cooling.  The 
sodium-soap  lubricants  (No.  15,  No.  18, 
and  No.  6)  are  heat-stable.  The  test 
temperature  of  220°  F.,  while  appreci¬ 
ably  higher  than  temperatures  which 
have  been  observed  in  service,  is  not 
unreasonably  so  and  has  been  employed 
to  cover  extreme  cases. 


-40  -SO  O  20  40  60  SO  IOO  ISO  140  160  ISO 

TEMPERATURE  OF  LUBRICANT  -  DEGREES  FAHRENHEIT 

Figure  17 


TEMPERATURE  OF  LUBRICANT-  DEGREES  FAHRENHEIT 

Figure  18 
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Table 

VIII.  Analytical  Data:  Steering 

Gear  Lubricants 

Sample  No. 

i 

2 

3 

5 

6 

7 

8 

9 

Physical  tests: 

Appearance 

Green  brown 

Black  viscous 

Black 

Black 

Brown  stringy 

Light  brown 

Brown 

Stringy 

Liquid 

Semi-solid 

Liquid 

Semi-solid 

Semi-solid 

Semi-solid 

Brown 

Odor 

Pine  tar 

Sharp-soapy 

Soapy 

Pungent 

E.  P.  base 

E.  P.  base- 

Fatty 

Sharp-soapy 

Dropping  point 

soapy 

Gillette,  °  C. 

36 

Room  temp. 

76 

Liquid 

Room  temp. 

42 

50 

Ubbelohde,  °  C. 

48 

78 

92 

Liquid 

126 

78 

81 

Pour  point,  0  F. 

50 

60 

Above  120 

-  5 

5 

Too  heavy 

30 

Channel  test,  0  F. 

0 

10 

10 

-10 

0 

0  - 

10 

MacMichael,  1-cm.  bob,  60 

r.  p.  m. 

No.  26  wire 

No.  26  wire 

No.  24  wire 

No.  26  wire 

No.  26  wire 

No.  26  wire 

140  at  75°  F. 

65  at  70°  F. 

126  at  80°  F. 

33  at  76°  F. 

56  at  80°  F. 

55  at  70°  F. 

143  at  70°  F. 

93  at  80°  F. 

Corrosion,  copper  3  hr., 

212°  F. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

O  K 

Bleeding  test,  175°  F.f  1  hr. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

Separation  test,  220°  F. 

Jells 

Jells 

Becomes 

No 

No 

Grease 

Separates 

Siight 

hard  like 

separation 

separation 

breaks 

separation 

axle  grease 

Composition,  per  cent  by  weight: 

Soap 

10.2 

7.3 

8.7 

4.6 

2.9 

7.1 

8  0 

Moisture 

0.1 

0.1 

0.2 

0. 15 

0.1 

0.4 

0.2 

0.6 

Oil 

85.9 

92.2 

79.8 

93.5 

97.1 

92.5 

90.0 

91  6 

Free  alkali  or  fatty  acid 

4 . 1  oleic 

3 . 6  oleic 

11.2  oleic 

Pb  present 

0.01  NaOH 

0. 14  oleic 

0.21  oleic 

Asphaltic  material 

2.0 

0.3 

2.0 

0.32 

Trace 

0  01 

Sulfur 

0.33 

0.50 

0.83 

2.00 

1.86 

2.47 

0.40 

0.45 

Ash: 

Ash,  % 

3.08 

0.77 

1.78 

3.3 

0.35 

0.77 

0.86 

0  89 

Analysis,  % 

14  0  Na2COs 

77.2  A12Oj 

80.1  Al2Oi 

90.0  PbO 

90.0  Na2COj 

62.2  CaO 

91.6  CaO 

80.5  CaO 

69.3  PbO 

21.6  Na2C03 

7.3  A12S03 

0.9  Acid-ins. 

9.8  A12(S0j)3 

6.4  Na2C03 

19.6  CaSOi 

Mineral  oil: 

13 . 8  PbS04 

6.9  Na2C03 

2 . 8  Fe20a 

3.7  FejOs 

Color 

Green  black 

Black 

Black 

3-Red 

Red-blue 

8 

Viscosity,  S.  U.  at  100°  F. 

1667 

2000 

3270 

2640 

314 

548 

379 

2810 

Viscosity,  S.  U.  at  210°  F. 

89.4 

118 

164 

135 

49 

53.9 

51  4 

128 

Gravity,  °  A.  P.  I. 

20.5 

21.9 

19.7 

16.8 

23.2 

20.2 

22.5 

19  0 

Flash,  0  F. 

405 

285 

390 

345 

375 

320 

370 

405 

Sample  No. 

10 

11 

12 

13 

14 

15 

16 

17 

Physical  tests: 

Appearance 

Green  brown 

Black 

Black 

Black 

Green 

Dark  green 

Liquid 

Liquid 

Green 

Brown 

Semi-solid 

Brown 

Semi-solid 

Odor 

Sweet  soapy 

Phenol-like 

Sour 

Faintly  soapy 

Slightly  soapy 

Pine  tar 

Nitrobenzene 

Sweet 

Dropping  point 

Gillette,  °  C. 

Liquid 

Room  temp. 

Liquid 

Liquid 

54 

Liquid 

Liquid 

Ubbelohde,  °  C. 

Liquid 

Liquid 

Liquid 

Liquid 

84 

Liquid 

Liquid 

64 

Pour  point,  °  F. 

30 

50 

60 

-  5 

100 

15 

-0’ 

20 

Channel  test,  °  F. 

15 

40 

-10 

25 

5 

—5 

MacMichael,  1  cm.  bob,  60 

r.  p.  m. 

No.  26  wire 

No.  26  wire 

No.  26  wire 

No.  26  wire 

No.  26  wire 

No.  26  wire 

No.  26  wire 

Corrosion,  copper  3  hr., 

180  at  80°  F. 

50  at  70°  F. 

100  at  80°  F. 

15  at  80°  F. 

154  at  70°  F. 

14  at  80°  F. 

14  at  80°  F. 

113  at  70°  F. 

212°  F. 

O.K. 

O.K. 

Not  O.K. 

O.K. 

O.K. 

O.K. 

O  K 

Bleeding  test,  175°  F.,  1  hr. 

O.K. 

O.K. 

O  K 

Separation  test,  220°  F. 

Solidifies 

No  separation 

Solidifies 

No  separation 

No  separation 

No  separation 

No  separation 

No  separation 

Composition,  per  cent  by  weight: 

Soap 

6.6 

1.2 

6.3 

3.5 

5.5 

3.7 

3.1 

5  2 

Moisture 

0.2 

0.05 

0.2 

0.1 

0.2 

None 

Trace 

0.1 

Oil 

92.2 

98.3 

90.5 

95.5 

84.0 

95.6 

97.0 

92  0 

Free  alkali  or  fatty  acid 

ALOj  pres. 

0.6  oleic 

0.56  oleic 

Lead  present 

0.03  NaOH 

0.35  oleic 

0.21  oleic 

Asphaltic  material 

0.03 

0.1 

0.2 

0.5 

0  2 

0. 1 

Sulfur 

0.28 

0.95 

0.99 

2.33 

0.37 

2.37 

5.76 

2. 47 

Ash: 

Ash,  % 

0.86 

0.04 

0.08 

0.37 

1.02 

0.03 

0.005 

0  97 

Analysis,  % 

85 . 6  ALOs 

No  analysis 

No  analysis 

34.2  PbO 

80.0  Na2C03 

No  analysis 

No  analysis 

59.6  Na*COj 

8 . 4  Al2(S04)3 

51.3  PbSO( 

9 . 6  Na2S04 

38.4  Na2SOj 

Mineral  oil: 

2 . 5  Fe2C>3 

2.2  Fe203 

Color 

Green  red 

Brown  black 

Green 

Black 

Green  black 

Green  black 

Viscosity,  S.  U.  at  100°  F. 

2298 

4520 

4560 

1267 

3930 

1305 

1097 

Viscosity,  S.  U.  at  210°  F. 

120 

230 

218 

92 

177 

87 

65  4 

Gravity,  °  A.  P.  I. 

21.8 

21.6 

23.7 

18.6 

23.2 

20.7 

17  5 

Flash,  0  F. 

420 

390 

530 

390 

490 

415 

410 

holes  were  made  in  the  casings  of  the  gears  for  convenience  in 
changing  lubricants  and  were  closed  by  plates.  Thermometers 
were  inserted  directly  into  the  lubricant  by  means  of  packing 
nuts.  The  gears  were  set  to  factory  adjustments  at  the  be¬ 
ginning  of  the  series  of  tests  and  were  not  subsequently  altered. 

Temperatures  down  to  —40°  F.  were  secured  by  carbon  dioxide 
snow  condensed  in  a  chamois-skin  bag  formed  around  the  gear 
housing,  and  those  up  to  180°  F.  were  secured  by  means  of  a  hot 
plate  and  a  fan  for  circulating  the  warm  air  in  the  cabinet. 
Observations  on  actual  cars  with  atmospheric  temperature  ranges 
up  to  105°  F.  showed  that  temperatures  in  steering  gears  in  serv¬ 
ice  seldom  exceed  160°  F. 

The  efficiency  tests  were  conducted  by  hanging  a  50-pound 
weight  from  the  quadrant  representing  1350  inch-pounds,  or  a 
condition  intermediate  between  turning  the  wheels  while  sta¬ 
tionary  and  turning  at  10  miles  per  hour.  This  was  regarded 
as  typical  of  the  effort  applied  when  parking  in  a  crowded  street. 
It  was  then  determined  what  weight  needed  to  be  added  to  the 
input  pulley  to  secure  the  first  movement  of  the  steering  arm 
(static  efficiency)  and  also  to  secure  a  rate  of  movement  of  10° 
in  5  seconds  (dynamic  efficiency).  Static  efficiency  measure¬ 
ments  were  made  in  the  middle  of  the  worm  only  and  dynamic 


efficiency  measurements  were  made  in  three  positions.  The 
steering  arm  moves  through  about  90°  in  the  case  of  both  gears 
and  dynamic  efficiency  tests  were  run  in  the  central  position  and 
15°  on  either  side  of  this. 

Preliminary  experiments  showed  that  tests  made  in  this 
manner  gave  the  same  average  results  as  tests  at  10°  intervals 
over  the  whole  range.  The  dynamic  and  static  efficiencies 
were  found  to  be  nearly  equal  at  all  temperatures  where  the 
lubricant  was  fluid,  but  at  low  temperatures  the  dynamic 
efficiency  was  much  lower  than  the  static — that  is,  initial 
movement  of  the  gears  was  secured  with  less  effort  than  was 
necessary  for  a  continuous  movement  of  2°  per  second.  This 
corresponds  to  about  36°  per  second  on  the  steering  wheel 
or  moderately  rapid  turning. 

The  results  obtained  are  shown  in  Figures  17  and  18. 

Retention.  Observations  were  made  on  the  retention 
characteristics  of  the  lubricants  by  collecting  the  leakage  at 
high  temperatures  from  15.56°  C.  (60°  F.)  upwards.  Some  of 
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this  leakage  was  due  to  the  method  of  mounting  the  gears, 
and  the  figures  are  much  higher  than  would  be  found  in 
practice.  However,  the  relative  figures  show  what  may  be 
expected  with  gears  in  poor  mechanical  condition. 

Film  Strength  and  Wear  Tests.  Film  strength  deter¬ 
minations  were  made  on  the  Timken  machine  at  rubbing 
speeds  of  400  and  100  feet  per  minute,  and  wear  tests,  also 
on  the  Timken  machine,  were  carried  out  for  a  duration  of  6 
hours  at  40,000  pounds’  pressure  and  a  speed  of  100  feet  per 
minute.  The  40,000  pounds’  pressure  is  at  first  sight  above 
the  film  strength  pressure  at  100  feet  per  minute  for  some  of 
the  lubricants,  but  these  pressures  are  nominal,  assuming  line 
contact,  and  actual  unit  pressures  after  a  run-in  period  will 
be  considerably  less  than  this.  No  actual  failures  of  lubrica¬ 
tion  occurred  during  the  wear  tests. 

Table  VII  summarizes  the  significant  performance  char¬ 
acteristics  of  the  most  important  of  the  lubricants  tested. 

Lubricant  6  is  exceeded  in  dynamic  efficiency  at  low  tem¬ 
peratures  only  by  No.  7,  which  is  unsatisfactory  from  the 
point  of  view  of  heat  stability,  and  by  No.  4  which  is  consider¬ 


ably  inferior  from  the  point  of  view  of  retention.  Its  wear 
characteristics  were  good  and  its  retention  was  exceeded  only 
by  No.  3,  which  gave  a  poor  efficiency  at  low  temperatures 
and  unsatisfactory  heat  stability. 
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Determination  of  Starch  in  Plant  Tissues 
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OF  THE  various  methods  that  have  been  proposed  to  de¬ 
termine  the  starch  content  of  plant  tissues,  only  those 
which  depend  upon  the  estimation  of  the  sugar  produced  by 
hydrolysis  of  the  starch  with  dilute  acid  or  with  enzymes  have 
received  much  attention  in  recent  years.  Suliivan  (15)  has 
recently  reviewed  and  discussed  the  whole  problem  of  starch 
determination,  and  has  pointed  out  the  unreliability  of  most 
methods  that  have  been  suggested.  Denny  ( 5 )  has  carefully 
compared  the  results  with  several  procedures,  and  has  shown 
that  hydrolysis  of  prepared  tissue  with  takadiastase,  even 
under  the  best  conditions,  may  lead  to  serious  error  owing  to 
the  inclusion  of  substances  other  than  starch  which  are  hy¬ 
drolyzed  by  this  enzyme  preparation  with  the  production  of 
sugar.  He  has  therefore  emphasized  the  desirability  of  ex¬ 
tracting  the  starch  from  the  tissue  with  some  suitable  solvent 
as  a  step  preliminary  to  its  isolation  and  subsequent  hydroly¬ 
sis  to  sugar. 

Even  this  procedure,  in  the  authors’ experience,  may  not  en¬ 
tirely  eliminate  contaminating  sugar-yielding  substances,  and 
it  has,  accordingly,  seemed  desirable  to  base  the  estimation  of 
starch  in  plant  tissues  upon  a  more  specific  reaction  for  this 
substance — namely,  the  well-known  color  reaction  with  io¬ 
dine.  A  procedure  of  this  kind  was  described  in  1895  by 
Dennstedt  and  Voigtlander  (4),  but  was  found  unreliable  by 
Littleton  (8)  and  by  Witte  (17).  Occasional  references  to 
the  application  of  the  iodine-starch  reaction  for  quantitative 
purposes  are  to  be  found  in  the  literature  (9),  but  no  satis¬ 
factory  analytical  development  appears  to  have  been  made.1 

The  method  described  in  the  present  paper  is  designed  to  be 
applied  to  samples  of  dry  plant  tissue. 

The  powdered  material  is  prepared  for  analysis  by  thorough  ex¬ 
traction  with  75  per  cent  alcohol,  and  is  then  ground  either  by 
hand  or  in  a  special  ball  mill  to  an  extremely  fine  powder.  The 
starch  is  extracted  from  a  suitable  sample  either  by  21  per  cent 
hydrochloric  acid  at  20°  to  22°  C.  (Rask’s  method,  11)  or  by 
concentrated  calcium  chloride  solution  at  100°  C.,  the  solvents 
being  applied  repeatedly  until  no  further  starch  is  removed.  The 
starch  is  then  precipitated  at  the  correct  acid  reaction  and  salt 

1  The  paper  of  Sullivan  (16)  which  describes  a  method  based  upon  pre¬ 
cipitation  with  iodine  and  subsequent  hydrolysis  of  the  starch  to  sugar, 
came  to  hand  after  this  manuscript  had  been  submitted  for  publication. 


concentration  by  means  of  iodine-potassium  iodide  reagent,  the 
precipitate  is  decomposed  with  alcoholic  alkali,  and  the  starch, 
is  isolated  as  such.  It  is  then  dissolved  in  water  with  the  aid 
of  acetic  acid,  and  a  definite  excess  of  iodine  is  added  as  potassium 
iodide-iodate  mixture.  The  starch-iodine  compound  remains 
in  colloidal  solution  under  these  conditions,  and  the  intensity  of 
the  light  transmitted  through  an  S-61  (red)  filter  is  read  in  a 
Zeiss  Pulfrich  spectrophotometer  against  a  control  solution  con¬ 
taining  the  reagents  alone.  The  quantity  of  starch  present  is 
calculated  from  a  calibration  curve  prepared  by  subjecting  known 
quantities  of  highly  purified  potato  starch  to  the  same  procedure. 

The  method  gives  results  that  can  be  duplicated  within  10 
per  cent  on  quantities  of  the  order  0.1  to  0.2  mg.  and  within 
3  per  cent  on  quantities  between  1  and  3  mg.  of  starch. 

Reagents 

Calcium  chloride  solution:  216  grams  of  Baker’s  c.  p.  anhy¬ 
drous  calcium  chloride  dissolved  in  250  ml.  of  water.  The  hot 
solution  is  filtered  through  asbestos  and  is  kept  in  a  warm  places 
concentration  approximately  46  per  cent  by  weight. 

Hydrochloric  acid  (Rask’s  acid):  247  ml.  of  concentrated 
hydrochloric  acid  diluted  to  500  ml.;  concentration  approxi¬ 
mately  21  per  cent. 

Hydrochloric  acid  2.3  N:  100  ml.  of  concentrated  hydrochloric 
acid  diluted  to  500  ml. 

Acetic  acid  2  N:  57  ml.  of  glacial  acetic  acid  diluted  to  500  ml. 

Sodium  hydroxide  10  N:  420  grams  of  sodium  hydroxide  di¬ 
luted  to  1000  ml. 

Alcoholic  sodium  hydroxide  0.25  N:  25  ml.  of  5  A  sodium 
hydroxide,  320  ml.  of  95  per  cent  alcohol  diluted  to  500  ml. 

Sodium  chloride  20  per  cent:  20  grams  of  pure  sodium  chlo¬ 
ride  diluted  to  100  ml. 

Iodine-potassium  iodide:  30  grams  of  iodine  and  50  grams  of 
potassium  iodide  diluted  to  250  ml. 

Potassium  iodide  10  per  cent:  prepared  in  small  quantities  and 
discarded  when  it  becomes  yellow. 

Magnesium  carbonate:  c.  p.  grade  containing  very  little  free 
alkali. 

Thymol  blue  0.04  per  cent:  prepared  according  to  Clark  (3). 

Potassium  iodate  0.01  N:  0.1783  gram  of  pure  potassium  io- 
date  diluted  to  500  ml. 

Of  these  reagents,  the  potassium  iodate  alone  needs  to  be  pre¬ 
pared  with  quantitative  accuracy. 

Preparation  of  Tissue 

Green  plant  tissue  is  rapidly  dried  in  a  ventilated  oven,  pro¬ 
vided  with  a  fan  and  baffles  to  circulate  the  air  over  the  tissue,. 
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at  70°  to  80°  C.,  and  is  then  ground  to  pass  a  50-  to  60-mesh 
sieve.  Weighed  samples  of  from  2  to  5  grams  are  continuously 
extracted  in  paper  thimbles  with  75  per  cent  alcohol  for  at  least 
6  hours,  the  residues  are  dried  and  weighed,  and  are  then  ground 
in  a  mortar  or,  preferably,  in  a  small  ball  mill  until  the  powder 
will  pass  through  fine  silk  bolting  cloth. 

A  convenient  ball  mill  can  be  readily  improvised  from  quarter- 
pint  cream  bottles  closed  by  rubber  stoppers.  A  cylindrical 
block  of  wood  that  contains  four  evenly  spaced  holes  bored  par¬ 
allel  to  the  axis,  and  of  such  size  as  to  accommodate  the  bottles 
snugly,  is  mounted  on  an  axle  constructed  of  0.6-cm  (0.25-inch) 
pipe  attached  firmly  to  the  block  and  carefully  centered.  The 
axle  is  set  in  bearings  held  by  clamps,  and  the  cylinder  is  rotated 
by  a  belt  from  a  laboratory  motor  around  the  cylinder  or  suitable 
pulley  attached  to  the  axle.  About  45  0.6-cm.  (0.25-inch)  steel 
ball  bearings  are  added  to  each  bottle  with  the  sample,  and  the 
mill  is  rotated  at  120  revolutions  per  minute  for  about  8  hours. 

Extraction  of  Starch 

Hydrochloric  Acid  Method  of  Rask.  It  is  convenient  to 
carry  out  the  extraction  of  four  samples  simultaneously;  0.200- 
gram  samples  of  the  ground  tissue  are  weighed  into  25  X  200 
mm.  heavy-walled  Pyrex  test  tubes,  and  1.5  grams  of  sharp  sand, 
5  cc.  of  water,  and  a  stout  glass  stirring  rod  are  added  to  each. 
The  tubes  are  placed  in  a  boiling  water  bath  for  15  minutes  to 
gelatinize  the  starch,  the  contents  being  vigorously  triturated 
from  time  to  time  with  the  rod.  The  tubes  are  cooled  to  10°  C. 
and  5  ml.  of  concentrated  hydrochloric  acid  are  slowly  added,  the 
temperature  being  kept  below  22°  C.  The  contents  are  then 
ground  with  the  rod  over  a  period  of  about  10  minutes,  each  tube 
being  treated  for  about  0.5  minute  at  a  time  and  kept  in  a  water 
bath  at  20°  C.  during  the  intervals.  The  rods  are  then  rinsed  off 
with  a  few  drops  of  Rask’s  acid  and  the  tubes  are  centrifuged  for 
1  minute.  The  supernatant  fluid  is  decanted  into  25  X  200  mm. 
test  tubes  calibrated  at  50  ml.,  allowing  sufficient  time  for  drain¬ 
age,  and  the  lips  are  rinsed  with  a  little  water;  these  tubes  are 
kept  in  a  water  bath  at  10°  to  15°  C. 

The  centrifuged  residues 
are  next  ground  with  the  rods 
for  about  0.5  minute  each, 
and  3  ml.  of  Rask’s  acid  are 
added,  the  alternate  grinding 
of  each  tube  being  continued 
as  before  for  5  to  7  minutes. 

The  tubes  are  then  centri¬ 
fuged  and  the  residues  are 
extracted  twice  more  in  the 
same  manner,  the  successive 
extracts  being  collected  in  the 
graduated  test  tubes.  A  few 
drops  of  the  fourth  extract 
are  tested  with  a  drop  of  0.01 
N  iodine  solution,  and  if  a 
definite  blue  color  is  observed 
a  fifth  extract  is  made. 

Finally  the  residues  are 
washed  by  grinding  once  with 
10  ml.  of  water. 

The  combined  extracts  are 
made  to  50  ml.  with  water 
and  are  then  kept  in  a  refrig¬ 
erator  until  the  next  step 
in  the  analysis  is  undertaken; 
they  are  stable  under  these 
conditions  for  at  least  72 
hours. 

Calcium  Chloride 
Method.  Samples  of  0.200 
gram  of  tissue  are  weighed 
out  into  test  tubes  as  before 
and  0.05  gram  of  magnesium 
carbonate,  1.5  grams  of  sharp 
sand,  5  ml.  of  water,  and  a 
stirring  rod  are  added  to  each. 

The  tubes  are  heated  with  oc¬ 
casional  trituration  in  a  boil¬ 
ing  water  bath  for  15  minutes 
and  7  ml.  of  the  concentrated 
calcium  chloride  reagent, 
previously  heated  in  the  same 
bath,  are  added.  The  four 
tubes  are  then  ground  suc¬ 
cessively,  while  in  the  boiling 
water  bath,  for  0.5  minute 
each  over  a  period  of  about  10 
minutes.  The  rods  are  rinsed 


with  a  few  drops  of  water,  the  tubes  are  centrifuged,  and  the  ex¬ 
tracts  are  collected  in  25  X  200  mm.  test  tubes  graduated  at  50 
ml.  The  residues  are  ground  for  0.5  minute  each,  are  returned 
to  the  boiling  water  bath,  and  3  ml.  of  water  and  5  ml.  of  hot  cal¬ 
cium  chloride  solution  are  added  to  each.  The  alternate  grind¬ 
ing  is  continued  for  about  8  minutes,  when  the  tubes  are  again 
centrifuged.  Two  more  successive  extracts  are  made  in  the  same 
manner.  A  few  drops  of  the  fourth  extract  are  acidified  with 
dilute  hydrochloric  acid  and  tested  with  a  drop  of  0.01  N  iodine 
solution;  if  a  blue  color  is  obtained  a  fifth  extraction  with  calcium 
chloride  is  made.  The  residues  are  finally  washed  by  being 
stirred  with  5  ml.  of  water  and  centrifuged.  The  combined  ex¬ 
tracts  are  made  to  50  ml.  volume  and  are  kept  in  the  refrigerator. 

Precipitation  of  Starch  Iodide 

The  proper  size  of  aliquot  of  the  starch  extract  to  be  taken 
for  analysis  can  readily  be  determined  after  a  little  experience 
by  removing  0.2  ml.  and  testing  with  a  drop  of  0.01  N  iodine 
solution.  If  a  light  blue  color  is  obtained,  10  ml.  of  the  ex¬ 
tract  should  be  used;  if  an  intense  blue,  5  ml.  or  less.  Cal¬ 
cium  chloride  extracts  must,  of  course,  be  acidified  before 
testing. 

The  aliquots  are  transferred  to  Gradwohl-Elavais  sugar 
tubes  and  are  diluted  to  10  ml.;  2  drops  of  0.04  per  cent  thy¬ 
mol  blue  and  a  slim  stirring  rod  with  an  enlarged  end  are 
placed  in  each. 

Hydrochloric  Acid  Extracts.  The  tubes  are  cooled  to  10°  C. 
in  a  bath  and  10  N  sodium  hydroxide  is  added  drop  by  drop 
with  constant  stirring  to  a  faint  blue  color,  then  2.3  N  hydro¬ 
chloric  acid  to  a  yellow  color  and  1  ml.  in  excess.  The  tempera¬ 
ture  must  not  be  allowed  to  rise  above  25°  C.  If  the  aliquot  is 
less  than  5  ml.,  2  ml.  of  20  per  cent  sodium  chloride  are  added  and 
finally  the  starch  is  precipitated  by  the  addition  of  0.5  ml.  of  con¬ 
centrated  calcium  chloride 
and  6  to  10  drops  of  iodine- 
potassium  iodide  reagent . 
The  calcium  chloride  is  neces¬ 
sary  in  order  to  produce  a 
precipitate  which,  on  decom¬ 
position  with  alcoholic  sodium 
hydroxide,  will  yield  a  granu¬ 
lar  precipitate  of  starch — 
without  it  this  precipitate  is 
gummy. 

Calcium  Chloride  Ex¬ 
tracts.  If  the  aliquots  are 
smaller  than  5  ml.,  1  ml.  of 
calcium  chloride  is  intro¬ 
duced/  The  acidity  is  ad¬ 
justed  as  already  described,  2 
ml.  of  20  per  cent  sodium  chlo¬ 
ride  are  added,  and  the  starch 
is  precipitated  with  6  to  10 
drops  of  iodine-potassium 
iodide. 

The  subsequent  procedure 
is  identical  for  both  acid  and 
calcium  chloride  extracts. 
The  tubes  are  allowed  to 
stand  for  10  minutes  and  are 
then  lightly  stoppered  or 
covered  with  glass  bulbs  and 
immersed  in  a  boiling  water 
bath  for  15  minutes.  After 
being  cooled  to  room  tempera¬ 
ture,  any  precipitate  floating 
on  the  surface  is  broken  up 
with  a  small  rod  and  the  tubes 
are  centrifuged.  It  is  usually 
impossible  to  decant  the 
supernatant  fluid  from  these 
precipitates.  The  best 
method  is  to  draw  it  off  with 
a  long  thin  capillary  tube 
attached  to  a  suction  flask 
and  source  of  vacuum  with 
light-walled  rubber  tubing  so 
that  the  rate  of  flow  can  be 
instantly  controlled.  By  this 
means  floating  particles  are 
usually  caught  on  the  walls 
of  the  tube  and  the  fluid  may 


Starch  is  extracted  from  plant  tissues 
either  by  hot  concentrated  calcium  chloride 
solution  or  by  cold  21  per  cent  hydrochloric 
acid,  and  is  precipitated  from  the  extract 
by  means  of  iodine  at  the  correct  acidity 
and  salt  concentration.  The  iodine  pre¬ 
cipitate  is  decomposed  with  alcoholic  alkali, 
and  the  starch  is  isolated  as  such,  dissolved 
in  dilute  acetic  acid,  and  converted  again 
to  the  iodine  compound  under  conditions 
in  which  it  remains  in  colloidal  solution. 
The  light  transmission  is  read  in  a  Pulfrich 
spectrophotometer  and  the  quantity  of 
starch  present  is  calculated  from  a  calibra¬ 
tion  curve  constructed  from  observations 
on  pure  potato  starch. 

The  method  has  been  applied  to  a  num¬ 
ber  of  plant  tissues.  The  results,  in  gen¬ 
eral,  are  lower  than  those  obtained  by  cal¬ 
culation  of  the  starch  from  the  sugar  re¬ 
duction  obtained  after  hydrolysis,  but  are 
believed  to  be  more  trustworthy.  It  has 
been  found  that,  in  many  cases,  sugar- 
yielding  substances  contaminate  the  iso¬ 
lated  starch  and  give  rise  to  interference. 

The  method  is  highly  specific  and  gives 
results  duplicable  within  3  per  cent  on 
quantities  of  starch  between  1  and  3  mg. 
in  the  aliquot  analyzed  and  within  10  per 
cent  on  quantities  as  small  as  0.1  mg. 
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be  removed  to  less  than  1  ml.  As  a  rule  floating  particles  consist 
of  sublimed  iodine,  and  their  loss  does  not  affect  the  analysis. 
The  precipitates  are  washed  twice  successively  with  2-ml.  portions 
of  60  per  cent  alcohol,  the  precipitate  being  mixed  with  the  wash 
fluid  by  gentle  shaking  of  the  tube  which  is  then  thoroughly  cen¬ 
trifuged.  Spattering  of  the  precipitate  on  the  walls  of  the  tube 
must  be  avoided. 

Decomposition  of  Starch  Iodide 

To  the  packed  precipitates,  2  ml.  of  alcoholic  sodium  hydrox¬ 
ide  are  added  and  the  precipitates  are  triturated  with  glass  rods 
until  nearly  colorless.  The  rods  are  then  washed  with  60  per 
cent  alcohol,  and  the  decomposition  is  completed  by  heating  the 
tubes  in  a  bath  at  70°  to  80°  C.  for  5  minutes  with  gentle  agita¬ 
tion.  The  tubes  are  cooled  and  centrifuged,  the  fluid  is  decanted 
from  the  starch,  and  this  is  washed  twice  with  2  ml.  of  60  per  cent 
alcohol.  After  the  last  washing  the  tubes  are  inverted  and  al¬ 
lowed  to  drain  thoroughly. 

Estimation  of  the  Starch 

The  starch  precipitates  are  treated  with  5  ml.  of  water  and  are 
heated  with  frequent  shaking  for  5  minutes  in  a  boiling  water 
bath.  After  being  cooled,  0.5  ml.  of  2  N  acetic  acid  is  added,  and 
the  contents  of  the  tubes  are  thoroughly  mixed  and  centrifuged. 
The  fluids  are  decanted  into  25  X  200  mm.  test  tubes,  calibrated 
at  20  and  50  ml.,  immersed  in  a  water  bath  at  15°  C.  The  resi¬ 
dues  are  washed  by  being  agitated  with  3  ml.  of  water,  and  are 
centrifuged. 

The  solutions  of  starch  are  treated  with  2  ml.  of  2  N  acetic 
acid,  0.5  ml.  of  10  per  cent  potassium  iodide,  and  5  ml.  of  0.01  N 
potassium  iodate,  all  being  exactly  measured.  Two  compensat¬ 
ing  solutions  are  simultaneously  prepared  that  contain  8  ml.  of 
water,  2.5  ml.  of  2  N  acetic  acid,  0.5  ml.  of  10  per  cent  potassium 
iodide,  and  5  ml.  of  potassium  iodate.  The  two  compensating 
solutions  are  diluted  to  20  and  50  ml.,  respectively.  The  un¬ 
knowns  are  diluted  to  either  20  or  50  ml.,  depending  on  the  inten¬ 
sity  of  color  developed,  and  are  allowed  to  stand,  after  being 
thoroughly  mixed,  for  5  minutes.  The  extinction  coefficient  of 
each  solution  is  then  determined  in  the  Pulfrich  spectrophotome¬ 
ter  using  the  compensating  solution  of  the  same  volume  on  the 
control  side  of  the  instrument,  and  the  equivalent  of  starch  is 
calculated  from  the  calibration  curve.  The  quantity  found  is 
referred  to  the  0.200-mg.  sample  of  prepared  tissue  and  this  in 
turn  corrected  for  the  loss  in  weight  during  the  preparation  of  the 
original  dried  tissue  for  the  starch  analysis. 

It  will  be  found  that  the  50-ml.  dilution  should  be  used  for 
quantities  in  excess  of  0.5  mg.  of  starch,  the  20-ml.  dilution  for 
smaller  amounts.  Cells  should  be  selected  of  such  length  that 
the  readings  fall  between  20  and  80  per  cent  transmission. 

Reference  Standard  and  Calibration  of 
.  Instrument 

In  order  to  obtain  from  the  extinction  coefficient  the  actual 
quantity  of  starch  present,  it  is  necessary  to  calibrate  the  in¬ 
strument  in  terms  of  a  reference  standard  of  pure  starch.  For 
this  purpose,  a  high  grade  of  potato  starch  was  selected.  This 
was  thoroughly  extracted  with  a  mixture  of  ether  and  alcohol 
and  with  water,  and  was  then  dried  in  the  air.  Analyses  of 
two  different  lots  so  treated  gave  moisture  contents  of  11.36 
and  4.78  per  cent,  ash  contents  of  0.29  and  0.30  per  cent,  and 
no  nitrogen.  The  two  specimens  therefore  contained  88.4  and 
94.9  per  cent  of  starch.  Calculation  of  the  starch  content  by 
means  of  the  factor  0.93  from  the  sugar  reduction  after  hy¬ 
drolysis  with  0.7  N  hydrochloric  acid  for  2.5  hours  gave  87.4 
and  94.4  per  cent.  The  values  obtained  for  the  organic 
solids  were  therefore  taken  to  represent  the  starch  content 
of  these  samples  with  sufficient  accuracy.  Both  were  used  in 
the  preparation  of  the  calibration  curve. 

Standard  solutions  of  starch  in  hydrochloric  acid  were  ob¬ 
tained  by  treating  the  equivalent  of  0.050  gram  of  dry  starch  as 
already  described  for  the  extraction  of  starch  from  tissue.  To 
prepare  solutions  in  calcium  chloride,  the  equivalent  of  0.050 
gram  of  starch,  0.05  gram  of  magnesium  carbonate,  and  5  ml.  of 
water  were  heated  in  a  boiling  water  bath  for  15  minutes  and  15 
ml.  of  calcium  chloride  solution  were  added.  A  few  drops  of 
caprylic  alcohol  and  a  few  angular  quartz  pebbles  were  intro¬ 
duced  and  the  solution  was  boiled  under  reflux  for  2  hours.  The 
solution  was  then  diluted  with  15  ml.  of  water,  transferred  to  a 
25  X  200  mm.  test  tube  calibrated  at  50  ml.,  diluted  to  the  mark, 
andcentrifuged. 


Aliquots  of  these  solutions  that  contained  0.1  to  3.0  mg.  of 
starch  were  then  carried  through  the  procedure  already  de¬ 
scribed,  with  particular  attention  to  the  addition  of  salts  pre¬ 
vious  to  the  precipitation  with  iodine.  Determinations  were 
also  made  on  solutions  in  calcium  chloride  that  were  heated 
for  longer  times  both  at  100°  C.  and  at  the  boiling  point. 
Furthermore,  the  precipitation  with  iodine  was  carried  out  in 
the  cold  and  at  100°  C.;  in  the  presence  of  acetic  acid  and  also 
of  hydrochloric  acid,  and  finally  the  readings  of  the  color  were 
made  at  various  temperatures  from  15°  to  28°  C.  All  results 
were  duplicable  within  5  per  cent  in  spite  of  these  variations. 
The  data  were  found  to  yield  satisfactorily  straight  lines  be¬ 
tween  the  limits  0.1  and  0.6  mg.  of  starch  read  at  20-ml.  vol¬ 
ume,  and  between  the  limits  0.2  and  3.0  mg.  of  starch  at  50- 
ml.  volume.  Accordingly,  all  the  data  were  assembled  and 
the  best  straight  fines  for  the  two  volumes  were  obtained  by 
the  method  of  least  squares.  The  data  for  these  fines  are 
shown  in  Table  I. 

Table  I.  Calibration  Data  for  Starch  Determination 


Starch 

(Filter  S-61;  1-cm.  cell) 

Extinction 

V  olume 

Coefficient 

Mg. 

Ml. 

0.100 

20 

0.069 

0.200 

20 

0.133 

0.500 

20 

0.343 

0.200 

50 

0.053 

0.500 

50 

0.138 

1.00 

50 

0.278 

2.00 

50 

0.559 

3.00 

50 

0.840 

Comparison  of  Colorimetric  with  Hydrolytic 
Method  on  Pure  Starch 

Samples  of  standard  starch  solution  both  in  calcium  chlo¬ 
ride  and  in  hydrochloric  acid  were  carried  through  the  proce¬ 
dure  described  up  to  the  isolation  of  the  starch  precipitate, 
save  that  the  iodine  precipitates  were  not  heated  but  were 
allowed  to  stand  at  room  temperature  for  30  minutes. 

The  precipitated  starch  was  treated  with  2  ml.  of  0.7  N  hydro¬ 
chloric  acid  and  the  tubes,  covered  with  glass  bulbs,  were  heated 
in  a  boiling  water  bath  for  2.5  hours.  After  completion  of  the 
hydrolysis,  the  solutions  were  cooled  and  neutralized  to  phenol 
red  with  0.5  N  sodium  hydroxide.  They  were  then  diluted  to  10, 
15,  or  20  ml.,  depending  on  the  quantity  of  starch  present,  and 
aliquots  were  analyzed  for  reducing  sugar  by  the  Shaffer  and 
Somogyi  (14)  method  (copper  reagent  No.  50  containing  1  gram 
of  potassium  iodide). 

In  addition,  samples  of  dry  starch  were  hydrolyzed  directly, 
and  also  after  having  been  dissolved  in  calcium  chloride  and 
precipitated  with  alcohol,  or  simply  dissolved  in  hydrochloric 
acid.  The  glucose  values  are  summarized  in  Table  II. 

Table  II.  Yield  of  Glucose  from  Potato  Starch 

No.  of 

Glucose  Determinations  Factor 
% 

Direct  analysis  of  starch  106 . 8  ±  1 . 0  8  0 . 936 

Solution  of  starch  (CaCh  or  HC1)  99.2  ±  2.0  7  1.008 

Solution  of  starch  in  either  solvent 

precipitated  with  iodine  99.2  ±2.0  14  1.008 

Starch  on  direct  analysis  yields  106.8  per  cent  of  glucose, 
but,  after  having  been  dissolved  in  either  of  the  two  solvents, 
yields  99.2  per  cent  and  the  yield  is  unchanged  by  precipita¬ 
tion  with  iodine.  It  is  clear  therefore  that  the  empirical  fac¬ 
tor  0.93,  long  in  use  to  convert  glucose  yield  into  starch,  does 
not  apply  if  the  starch  has  been  taken  up  in  either  of  these 
solvents.  This  factor  is  based  upon  the  experiments  of  a 
number  of  early  investigators  ( 6 , 10). 

The  factor  1.01  calculated  from  the  present  experiments  on 
starch  solutions  suggests  that  there  may  have  been  incomplete 
solution  of  the  sugar-yielding  material,  but  tests  of  the  trace 
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of  residue  left  after  solution  of  the  starch  in  the  solvent 
showed  that  it  gave  no  blue  color  with  iodine  and  can  there¬ 
fore  not  be  what  is  ordinarily  understood  as  starch.  Inas¬ 
much  as  the  present  method  to  determine  starch  depends  on 
the  blue  coloration,  it  is  necessary  to  define  starch  for  our  pur¬ 
poses  in  terms  of  this  reaction,  and  to  correlate  the  results  of 
the  colorimetric  method  with  the  glucose  yielded  by  starch 
after  the  starch  has  been  treated  with  solvents. 

The  yield  of  glucose  from  starch  that  has  been  precipitated 
by  iodine  varies  materially  according  to  the  temperature  and 
acidity  at  which  the  precipitation  is  made,  although  neither 
factor  has  much  effect  upon  the  color  value.  Data  that  illus¬ 
trate  these  points  are  shown  in  Table  III.  Equal  samples  of 
starch  solutions  were  precipitated  with  iodine  at  room  tem¬ 
perature  and  one  sample  was  then  heated  to  100°  C.  as  de¬ 
scribed.  The  acidity  at  which  the  precipitations  were  con¬ 
ducted  was  also  varied.  Examination  of  the  data  shows  that 
the  colorimetric  values  were  not  affected  by  heating  at  any 
of  the  acidities  tested.  The  glucose  values  were,  however, 
seriously  reduced  if  the  iodine  precipitate  was  heated  in  the 
presence  of  rpineral  acid. 


Table  III.  Comparison  of  Colorimetric  and  Sugar 
Methods  on  Recovery  of  Pure  Starch 

(After  iodine  precipitation  at  room  temperature  and  at  100°  C.) 


Starch  from  Sugar 

Acid  per  15  Ml.  of 

Starch, 

Titration, 

Neutralized  Starch  Solution 

Colorimetric 

Glucose 

X  101 

Room 

Room 

tempera¬ 

100°  C. 

tempera¬ 

100°  c. 

ture 

ture 

Mg. 

Mg. 

Mg. 

Mg. 

Acetic  acid  5.0  N,  0.3  to  0.5  ml 

0.095 

0.099 

0.092 

0.097 

2.03 

2.02 

1.98 

1.96 

2.00 

2.03 

2.00 

2.00 

2.02 

2.00 

1.97 

1.98 

Hydrochloric  acid  2.3  A’,  0.5  ml. 

2.04 

1.68 

Hydrochloric  acid  2.3  AT,  2.0  ml. 

2 '04 

2^00 

1.98 

1.32 

2  00 

1.97 

2.00 

1.20 

1.03 

1.00 

1.00 

1.05 

1.01 

1.02 

0  098 

0 . 093 

0.095 

0.104 

Hydrochloric  acid  2.3  A,  2.6  ml. 

2 ' 66 

1 . 22 

Hydrochloric  acid  2.3  N,  5.2  ml. 

1.99 

1.01 

It  might  be  inferred  from  these  data  that  precipitation  in 
the  presence  of  acetic  acid  in  the  cold  is  preferable  to  the  pro¬ 
cedure  here  recommended.  As  will  be  shown  below,  however, 
in  the  practical  application  of  the  method  to  plant  tissues, 
the  precipitation  of  interfering  substances  is  to  a  large  extent 
avoided  by  the  technic  the  authors  have  adopted. 

Starch  Determination  in  Plant  Tissue 

Behavior  of  Calcium  Chloride  Extracts.  A  solution 
of  pure  starch  in  concentrated  calcium  chloride  is  not  stable 
at  room  temperature  for  more  than  48  hours,  the  amount  of 
starch  precipitable  by  iodine  slowly  diminishing.  Dilution 
with  10  volumes  of  water  gives  a  solution  which  is  even  less 
stable,  notable  losses  of  starch  frequently  being  observed 
within  24  hours. 

Losses  of  starch  also  occur  during  the  process  of  extracting 
starch  from  plant  tissues  with  hot  calcium  chloride  unless 
steps  are  taken  to  control  the  acidity.  The  calcium  chloride 
solutions  the  authors  have  used  were  faintly  alkaline  to  phe- 
nolphthalein.  After  being  heated  with  plant  tissue,  they 
rapidly  became  more  acid  and  marked  losses  of  starch  oc¬ 
curred  if  the  reaction  was  allowed  to  drop  below  pH  6.0. 

Table  IY  shows  the  effect  upon  the  apparent  starch  content 
when  samples  of  leaf  tissue  are  heated  with  calcium  chloride 
alone  and  together  with  calcium  or  magnesium  carbonate. 
The  extracts  were  made  by  heating  0.5  gram  of  dry  tissue  at 
100°  C.  for  17  hours  with  5  ml.  of  water  and  10  ml.  of  calcium 
chloride;  from  0.1  to  0.2  gram  of  the  carbonates  was  used  in 
addition  where  mentioned.  The  extracts  were  diluted  to  50 
ml.  and  the  reaction  was  determined  at  the  quinhydrone 


electrode;  starch  analyses  were  then  carried  out  on  suitable 
aliquots. 

Table  IV.  Effect  on  Recovery  of  Starch  of  Heating 
Tissue  with  Calcium  Chloride  at  Different 
Reactions 

(Extractions  at  100°  C.  for  17  hours) 

Reaction  of 
Final  CaCl? 


Tissue  Used  Solution  Starch 

pH  % 

Tobacco  leaf  E  3  06  0.00 

Tobacco  leaf  E  +  CaCCb  4.99  0.58 

Tobacco  leaf  E  -j-  2.0  per  cent  of  starch  3.06  0.00 

Tobacco  leaf  E  +  MgCOs  6.93  1.88 

Tobacco  leaf  E  -j-  2.0  per  cent  of  starch  +  MgCOs  6.94  4.00 

Tobacco  leaf  H  3.10  0.00 

Tobacco  leaf  H  +  MgCOs  7.32  0.14 

Tomato  leaf  4.45  0.30 

Tomato  leaf  +  CaCOj  4.90  0.61 

Tomato  leaf  -j-  MgC03  6.96  2.i7 


Complete  loss  of  starch  took  place  if  the  reaction  was  not 
controlled.  Calcium  carbonate  in  the  quantity  used  was  in¬ 
effective  in  maintaining  a  relatively  neutral  solution  and  seri¬ 
ous  loss  of  starch  occurred.  Magnesium  carbonate,  however, 
preserved  a  neutral  solution  and  permitted  complete  recovery 
of  the  starch. 

Although  an  unusually  long  period  of  heating  was  employed 
in  these  experiments  in  order  to  magnify  the  results,  appre¬ 
ciable  loss  may  occur  from  tobacco  leaf  tissues  during  extrac¬ 
tion  of  starch  as  described  above,  unless  magnesium  carbonate 
is  added.  The  losses  were  small,  however,  with  salvia  or 
alfalfa  leaf  tissue. 

The  authors  have  recommended  extraction  with  calcium 
chloride  at  100°  C.  rather  than  at  the  boiling  point  of  the  con¬ 
centrated  solution  (113°  C.).  A  careful  comparison  of  starch 
values  obtained  by  successive  extractions  at  the  boiling  point 
and  at  100°  C.  showed  that  somewhat  lower  results  were  ob¬ 
tained  at  the  higher  temperature.  Data  that  illustrate  this 
and  also  give  a  comparison  with  cold  hydrochloric  acid  ex¬ 
traction  are  shown  in  Table  Y. 

Table  V.  Comparison  of  Extraction  of  Starch  by  Boiling 
Calcium  Chloride  Solution,  by  Calcium  Chloride  at  100°  C., 
and  by  Hydrochloric  Acid 


CaCb 

CaCh 

HCf 

Tissue  Used 

1 13°— 1 14°  C. 

100°  C. 

20°  C. 

07 

/c 

% 

% 

Tobacco  leaf  E 

1 . 55 

1.65 

1.60 

Tomato  leaf 

1.43 

1.43 

1.45 

Tomato  stem  A 

9.95 

10.65 

10.60 

Tobacco  stem  H 

0.73 

0.76 

0.78 

Tobacco  stem  K 

4.23 

4.70 

4.63 

Tobacco  stem  J 

1.73 

1.81 

1.88 

Tobacco  stem  I 

1.60 

1.65 

1.68 

It  is  clear  that  the  cold  hydrochloric  acid  extraction  method 
is  to  be  preferred  to  extraction  with  calcium  chloride  at  the 
boiling  point.  The  stability  of  hydrochloric  acid  extracts 
for  considerable  periods  of  time  (5),  provided  they  are  stored 
in  a  refrigerator,  is  also  a  point  in  favor  of  this  method  of  ex¬ 
traction  and  for  most  purposes  the  authors  prefer  it. 

Illustrative  Data.  Tables  VI  and  VII  show  data  that 
illustrate  the  close  reproducibility  of  starch  determinations  in 
various  plant  tissues,  and  the  accuracy  with  which  starch  can 
be  recovered  when  added  to  a  starch-free  tissue.  It  will  be 
noted  that  0.2  mg.  of  starch  in  the  aliquots  actually  analyzed 
w'as  recovered  with  an  accuracy  of  10  per  cent,  but  that  a 
somewhat  larger  quantity  can  be  determined  within  ±2  per 
cent.  It  is  accordingly  desirable  to  select  aliquots  with  at¬ 
tention  to  this  point. 

Table  VIII  gives  a  comparison  of  starch  determined  by  the 
colorimetric  method  with  values  determined  by  the  reducing 
power  of  the  starch  after  isolation  as  described  and  subsequent 
hydrolysis  with  acid.  The  discrepancy  between  the  two 
methods  is  especially  high  for  tissues  of  low  starch  content  and 
suggests  that  substances  other  than  starch  which  yield  sugar 
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Table  VI.  Dtjplicability  of  Colokimetbic  Detekmination 
of  Starch  in  Plant  Tissue 


Tissue  Analyzed 

Starch  in  CaCh  Extract 

Starch  in  HC1  Extract 

% 

% 

Tomato  stem 

10.90 

10.90 

10.80 

10.80 

10.60 

10.65 

Rhubarb  rhizome 

32 . 00 

32.94 

32.50 

33.20 

Rhubarb  leaf 

0.35 

0.38 

0.41 

Tobacco  leaf  E 

1.50 

1.38 

1.44 

1.44 

Tobacco  leaf  F 

0.67 

0.63 

Tobacco  leaf  B 

5.50 

5.35 

Tobacco  leaf  D 

6.00 

5.85 

6.15 

Tobacco  leaf  J 

1.42 

1.38 

Tobacco  stem  K 

4.60 

4.70 

4.75 

Beet  root 

0.16 

0.15 

Alfalfa  stem 

7.45 

7.50 

Table  VII.  Recovery  of  Starch  Added  to  Starch-Free 
Beet  Leaf  Tissue 

(0.200-gram  samples  of  tissue) 


Starch  in 

Starch  Added 

Aliquot  Used 

Starch  Found 

Recovery 

Mg. 

Mg. 

Mg. 

% 

9.40 

1.88 

9.70 

103 

9.60 

102 

9.50 

101 

9.35 

99.6 

9.30 

99 

1.00 

0.20 

1.00 

100 

1.05 

105 

1.07 

107 

0.90 

90 

on  hydrolysis  are  precipitated.  That  this  is  the  case  was  dem¬ 
onstrated  by  further  extraction  of  the  tissues  after  the  starch 
had  been  removed  and  by  extraction  of  starch-free  tissues. 
In  all  cases,  substances  which  gave  reduction  values  and  ac¬ 
tual  fermentable  sugar  were  so  obtained.  Clearly,  therefore, 
the  high  sugar  titration  values  are  due  to  contamination  of 
the  extracts  with  hydrolyzable  substances  other  than  starch. 

The  sugar  titration  values  of  the  calcium  chloride  extracts 
agree  in  range  with  the  hydrochloric  acid  extracts,  provided 
the  precipitation  of  the  starch  iodide  is  made  at  pH  1 .  Pre¬ 
cipitation  at  pH  3  leads  to  higher  values,  and  Table  IX  gives 
actual  data  that  illustrate  the  magnitude  of  the  discrepancies 
that  may  occur.  The  beet  and  rhubarb  tissues  were  all  low 
in  true  starch,  but  the  extracts  gave  unusually  large  precipi¬ 
tates  with  iodine  at  pH  3,  which  in  turn  yielded  much  sugar 
on  hydrolysis.  Much  less  of  this  material  was  usually  ob¬ 
tained  at  pH  1  in  the  cold. 

It  is  clearly  impossible  to  interpret  the  sugar  titration 
values  of  the  substances  precipitated  by  iodine  as  being  en¬ 
tirely  due  to  starch.  The  colorimetric  values,  however,  are 
identical  regardless  of  the  method  of  extraction  or  precipita¬ 
tion. 

Lower  Limit  of  Accuracy  of  the  Method.  Extracts  of 
starch  from  plant  tissue  prepared  by  either  method  frequently 
contain  other  substances  that  are  either  precipitated  by  iodine 
or  adsorbed  on  the  starch  precipitate.  These  substances  may 
give  rise  to  a  turbidity  in  the  solution  of  free  starch  later  ob¬ 
tained  that  interferes  with  the  reading  of  the  spectrophotome¬ 
ter.  The  amount  of  these  extraneous  substances  varies  with 
the  tissue  analyzed,  but,  in  all  cases  the  authors  have  en¬ 
countered,  can  be  minimized  by  heating  the  solution  to 
100°  C.  after  the  addition  of  the  iodine  reagent  to  the  extract 
previously  acidified  to  approximately  pH  1. 


In  order  to  obtain  an  idea  of  the  magnitude  of  the  inter¬ 
ference  that  may  occur,  analyses  of  starch-free  beet  leaf  tissue 
were  carried  out.  The  extracts  from  this  tissue  gave  no  blue 
color  with  iodine,  but  yielded  a  small  white  flocculent  precipi¬ 
tate  under  the  conditions  of  the  analysis.  If  the  precipita¬ 
tion  was  made  in  acetic  acid  solution  at  pH  3,  this  precipitate 
was  much  larger  and  yielded  a  solution  in  water  that  showed  a 
marked  Tyndall  effect  in  the  spectrophotometer.  On  the 
other  hand,  if  the  precipitation  was  carried  out  at  100°  C.  at 
pH  1,  the  precipitate  was  very  small  and  yielded  a  solution 
that  was  apparently  clear.  When  diluted  to  20  ml.  and  ob¬ 
served  in  a  3-cm.  cell  in  the  spectrophotometer,  extinction 
coefficients  of  0.032  and  0.010  were  obtained,  respectively. 
Both  readings  are  beyond  the  lower  limit  of  accuracy  of  the 
starch  calibration  curve  of  the  instrument  and  therefore  have 
little  significance.  Nevertheless  the  results  illustrate  the 
superiority  of  the  iodine  precipitation  at  pH  1,  and  also  serve 
as  a  blank  on  the  method  when  applied  to  the  analysis  of  tis¬ 
sues  very  low  in  starch.  The  value  0.01  for  the  extinction  co¬ 
efficient  has  been  repeatedly  found  for  tissues  that  gave  no 
qualitative  evidence  of  the  presence  of  starch.  Consequently 
when  attempts  are  made  to  estimate  quantities  of  0.1  mg.  or 
less  of  starch,  it  would  seem  advisable  to  deduct  0.01  from  the 
extinction  coefficient  observed  to  allow  for  this  blank. 

The  calibration  curve  is  constructed  on  the  basis  of  0.200 
gram  of  tissue,  the  extract  from  which  is  made  to  50  ml.,  and 
of  this  10  ml.  at  most  are  subsequently  diluted  to  20  ml.  The 
limit  of  the  calibration  is  0.1  mg.  of  starch;  consequently  the 
lower  limit  of  the  method  is  a  starch  concentration  of  0.25  per 
cent  of  the  prepared  tissue.  If  it  is  desired  to  determine 
smaller  proportions,  a  larger  sample  of  tissue  must  be  em¬ 
ployed.  As  much  as  0.5  gram  can  be  satisfactorily  extracted 
by  the  technic  described. 

Tissues  that  contain  high  proportions  of  starch  are  most 
conveniently  dealt  with  by  reducing  the  size  of  sample  se- 


Table  VIII.  Comparison  of  Colorimetric  Method  for 
Starch  with  Sugar  Titration  Values 

/ - Sugar  Titration  Values - 


Colorimetric 

HC1  extract 

HC1  extract 

Starch  in 

CaClj 

precipita¬ 

precipita¬ 

Tissues 

extract 

tion  at  pH  3 

tion  at  pH  1 

% 

% 

% 

% 

Alfalfa  stem  39 

7.50 

9.14 

9.51 

Alfalfa  stem  40 

5.85 

6 54 

Tomato  stem  C 

9.50 

10.50 

Tomato  stem  B 

10.60 

11.70 

12 '54 

Tomato  stem  A 

10.90 

12.34 

13.02 

12.00 

Tomato  stem  residues® 

0.48 

0.92 

0.75 

0.18 

0.39 

0.20 

0.40 

6^30 

0.25 

0.55 

Beet  root 

0.15 

6^37 

1.77 

6Al 

Beet  top 

0.05 

0.21 

0.89 

0.15 

Rhubarb  leaf 

0.41 

0.82 

2.20 

0.77 

Tobacco  leaf  E 

1.41 

1.48 

2.18 

1.50 

Tobacco  leaf  B 

5.50 

6.20 

Tobacco  leaf  F 

0.63 

0.85 

Tobacco  stem  H 

0.78 

iu3 

Tobacco  stem  I 

1.68 

i.'so 

2.37 

i.75 

Tobacco  stem  J 

1.88 

2.23 

Tobacco  stem  K 

4.63 

5L0 

5.19 

5.08 

Rhubarb  rhizome 

31.88 

40.02 

43.00 

39.1 

a  Tissue  first  extracted  by  refluxing  with  CaCh  +  MgCOi  for  2  hours. 
Residue  washed  and  then  extracted  in  usual  way  with  HC1. 


Table  IX.  Comparison  of  Colorimetric  Method  and 
Sugar  Titration  under  Different  Conditions 

. - Sugar  Titration  Valuea - . 

HC1  extract 
HC1  extract  precipitation 


Tissue 

Colorimetric 

CaCl2 

precipitation 

at  pH  1 

Analyzed 

Starch 

extract 

at  pH  3 

in  cold 

% 

% 

% 

% 

Alfalfa  leaf 

7.45 

9.14 

9.51 

Beet  top 

0.00 

0Vl8 

0.89 

0.15 

Beet  root 

0.16 

0.37 

1.77 

0.41 

Rhubarb  leaf 

0.35 

0.82 

2.20 

0.77 

Tobacco  leaf  B 

5.50 

. . . 

6.20 

Tobacco  leaf  F 

0.63 

1.85 

Tobacco  stem  K 

4.70 

.  .  . 

5.19 

5.18 
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lected.  For  tissues  with  30  per  cent  or  more,  it  is  advisable 
to  employ  0.100  gram  or  even  less. 

Action  of  Takadiastase  on.  Starch  Extracts 

The  purity  of  the  starch  extracts  from  plant  tissues  can  be 
readily  tested  by  observations  of  the  effect  of  takadiastase 
upon  them. 

An  aliquot  of  the  extract  that  contains  less  than  3  mg.  of  starch 
is  neutralized  with  sodium  hydroxide  and  acidified  with  a  slight 
excess  of  acetic  acid;  0.5  ml.  of  calcium  chloride  and  2  ml.  of  a 
0.1  per  cent  solution  of  takadiastase  (takadiastase  undiluted  900 
per  cent,  Parke,  Davis  and  Co.)  in  water  are  added.  The  solu¬ 
tion  is  warmed  at  50°  to  52°  C.  for  30  minutes  with  occasional 
stirring,  is  cooled  and  acidified  with  2  ml.  of  dilute  hydrochloric 
acid,  and  a  few  drops  of  iodine-potassium  iodide  reagent  are 
added.  If  the  precipitate  produced  is  blue,  the  analytical  pro¬ 
cedure  may  be  completed  as  already  described.  If  no  blue  pre¬ 
cipitate  is  formed,  it  is  obvious  that  the  extract  contained  no 
substance  other  than  starch  that  reacts  with  iodine  to  give  a  blue 
color. 

A  careful  investigation  of  the  authors’  standard  prepara¬ 
tions  of  potato  starch  showed  them  to  be  free  from  such  con¬ 
taminants;  this  confirms  the  statements  of  Ling  and  Nanji 
(7).  In  addition,  tests  on  a  number  of  preparations  of  leaf 
tissue  revealed  no  case  in  which  the  amount  of  blue  precipi¬ 
tate  obtained  after  digestion  of  the  extract  with  takadiastase 
gave  readings  at  the  spectrophotometer  that  could  be  re¬ 
garded  as  significant. 

Discussion 

The  colorimetric  method  employs  three  distinct  steps,  each 
of  which  contributes  markedly  to  the  specificity  for  starch. 
The  preliminary  dilute  alcohol  extraction  of  the  tissue  re¬ 
moves  compounds  such  as  glucosides  and  alkaloids,  some  of 
which  yield  insoluble  colored  compounds  with  iodine  ( 1 ,  2). 
The  precipitation  of  the  starch  with  iodine  eliminates  a  large 
group  of  polysaccharides  which  may  be  present  in  the  starch 
extract  but  which  are  not  precipitated  by  iodine.  The  utili¬ 
zation  of  the  highly  specific  blue  color  of  the  iodine-starch 
complex  for  the  quantitative  measurement  eliminates  un¬ 
known  carbohydrate  compounds  which  may  have  been  pre¬ 
cipitated  by  the  iodine  or  adsorbed  on  the  starch  precipitate. 
When  formed  in  the  presence  of  a  large  definite  excess  of  io¬ 
dine,  this  color  is  reproducible  and  stable.  In  addition,  the 
use  of  the  light  filter  which  transmits  a  band  of  light  of  wave 


length  most  strongly  absorbed  by  the  iodine-starch  complex 
further  contributes  to  the  over-all  specificity  of  the  method. 

The  only  source  of  interference  that  may  be  anticipated  is 
from  substances  of  the  amylohemicellulose  type  described  by 
Schulze  (13),  Schryver  and  Thomas  (12),  and  Ling  and  Nanji 
(7),  which  occur  in  certain  starch-bearing  seeds,  in  fruits, 
leaves,  and  stem  tissues.  These  substances  give  an  intense 
blue,  or  blue-violet,  color  with  iodine,  but  differ  from  true 
starch  in  that  they  are  not  digested  by  takadiastase. 

The  present  method  of  determining  starch  is  essentially  a 
comparison  between  starch  isolated  from  the  tissue  under  an¬ 
alysis  and  potato  starch  taken  as  standard.  The  authors 
have  found  no  evidence  of  the  presence  of  amylohemicellulose 
in  the  standard  starch  they  have  used,  nor  in  the  tissues  they 
have  employed  in  their  tests  of  the  method.  Obviously,  how¬ 
ever,  tests  should  be  made  for  such  compounds  before  apply¬ 
ing  the  colorimetric  method  in  new  cases.  On  the  other  hand, 
however,  such  information  as  is  available  in  the  literature 
indicates  that  the  relative  proportion  of  these  compounds  is 
usually  very  small,  so  that  serious  errors  will  seldom  be  en¬ 
countered. 
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Determination  of  Zinc  in  Soils 
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MANY  methods  for  the  determination  of  small  amounts 
of  zinc  in  various  materials  have  appeared  in  recent 
years.  A  review  of  those  appearing  prior  to  1932  is  given  by 
Todd  and  Elvehjem  (15).  Since  that  time  methods  for  the 
determination  of  zinc  have  been  reported  by  Hibbard  (7)  and 
others  (10,  12).  Most  of  these  are  unsatisfactory  for  soil 
probably  because  of  the  large  amounts  and  number  of  inter¬ 
fering  substances  present  in  them.  Procedures  involving  the 
precipitation  of  iron  and  aluminum  from  the  solution  before 
the  zinc  is  precipitated  (1,  13)  seem  to  be  unsatisfactory  be¬ 
cause  these  bulky  precipitates  retain  zinc,  and  it  is  difficult  to 
remove  all  the  iron. 

In  the  work  reported  in  this  paper  on  the  determination  of 
zinc  in  soils,  variations  of  several  methods  are  used,  including 
a  modification  of  Hibbard’s  method  for  the  determination  of 
zinc  in  plant  material  in  which  the  zinc  is  precipitated  by 

>  Present  address,  Food  and  Drug  Administration,  201  Varick  St.,  New 
York,  N.  Y. 


hydrogen  sulfide  from  a  properly  buffered  solution,  after  a 
preliminary  precipitation  with  hydrogen  sulfide  to  remove 
certain  impurities.  An  acid  concentration  higher  than  that 
recommended  by  Hibbard  was  found  necessary,  probably 
because  of  the  large  mass  of  soluble  salts  resulting  from  a 
soil  fusion.  The  zinc  is  determined  with  Nessler  tubes  by 
a  method  adapted  to  amounts  found  in  soils. 

Turbidimetric  Determination  of  Zinc 

Several  methods  (3,  6,  11,  16)  have  been  used  in  the  deter¬ 
mination  of  small  amounts  of  zinc,  such  as  ferrocyanide  tur¬ 
bidity,  ferrocyanide  titration,  iodometric  titration,  polarigraph, 
and  indirectly  a  colorimetric  phosphate  method.  The  ferro¬ 
cyanide  turbidity  method  has  been  used  by  the  greatest 
number  of  investigators  and  was  adopted  for  this  work. 

That  the  degree  of  opalescence  produced  by  zinc  in  a  potas¬ 
sium  ferrocyanide  solution  is  dependent  on  time,  salt  con- 


98 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  2 


centration,  kind  of 
acid,  strength  of 
acid,  and  the  potas¬ 
sium  ferrocyanide- 
zinc  ratio  has  been 
pointed  out  by  sev¬ 
eral  investigators 
(0,  5,  U).  The  de¬ 
gree  of  dependence 
of  opalescence  on 
the  potassium  ferro- 
cyanide-zinc  ratio 
and  amount  of  hy¬ 
drochloric  acid  for 
amounts  of  zinc  from  0.02  to  0.1  mg.  in  50  cc.  of  solution  is 
given  in  this  paper. 

The  potassium  ferrocyanide  used  by  the  various  workers 
varied  from  0.1738  to  0.00264  gram  per  50  cc.  A  comparison 
of  opalescence  was  made  using  from  0.02  to  0.1  mg.  of  zinc 
and  from  1  to  10  cc.  of  0.05  N  potassium  ferrocyanide  in  50  cc. 
Fifteen  cubic  centimeters  of  N  hydrochloric  acid  were  used 
in  all  these  tests.  The  readings  of  the  various  amounts  of 
zinc  and  potassium  ferrocyanide  are  depicted  on  a  parallelo¬ 
gram  shown  in  Figure  1. 

For  each  amount  of  zinc  the  opalescence  varied  with  each 
amount  of  potassium  ferrocyanide.  With  0.10  and  0.08  mg. 
of  zinc,  opalescence 
was  greatest  with  1  cc. 
of  the  0.05  N  potas¬ 
sium  ferrocyanide 
and  least  with  10  cc. 

With  0.02  and  0.04 
mg.  of  zinc,  the  opal¬ 
escence  produced  was 
reverse  order,  being 
greatest  with  10  cc.  of 
the  0.05  N  potassium 
ferrocyanide  and 
practically  none  with 
1  cc.  With  amounts 
of  zinc  from  0.02  to 
0.1  mg.  and  15  cc. 
of  N  hydrochloric 
acid  in  50  cc.  it  would 
seem  about  5  cc.  of  0.05  N  potassium  ferrocyanide  should 
be  used. 

The  effects  of  acid  on  the  opalescence  of  zinc  in  amounts 
from  0.02  to  0.1  mg.  in  potassium  ferrocyanide  solution  are 
shown  in  Figures  2  and  3. 

The  readings  from  which  Figures  2  and  3  were  made  are 
approximate,  because  the  same  amount  and  shade  of  opal¬ 
escence  are  reproduced  only  by  identical  conditions  in  all 
respects.  Three  milligrams  of  zinc  with  3  cc.  of  N hydrochloric 
acid  were  taken  as  a  standard  for  the  readings  in  both  figures. 
Figure  2  shows  that  with  0.02,  0.03,  and  0.04  mg.  of  zinc  there 
is  opalescence  with  3  cc.  of  N  hydrochloric  acid.  The  opal¬ 
escence  increases  up  to  9  cc.  with  0.02  and  0.03  mg.  and  up  to 
12  cc.  with  0.04  mg.  of  N  hydrochloric  acid  and  zinc,  respec¬ 
tively.  After  maximum  opalescence  is  reached  the  opalescence 
decreases  with  increasing  amounts  of  acid  until  between  18 
and  24  cc.  of  N  hydrochloric  acid  there  is  no  opalescence. 

Figure  3  shows  the  apparent  amounts  of  zinc  as  judged  by 
opalescence  produced  with  3,  9,  12,  and  15  cc.  of  N  hydro¬ 
chloric  acid  on  from  0.03  to  0.12  mg.  of  zinc.  Three  cubic 
centimeters  of  N  hydrochloric  acid  show  the  least  opalescence 
for  the  various  amounts  of  zinc  and  the  least  difference 
between  the  various  amounts  of  zinc.  Fifteen  cubic  centi¬ 
meters  of  N  hydrochloric  acid  have  the  greatest  opalescence 
and  the  greatest  differences  between  the  various  amounts  of 


zinc.  Figure  2  has  shown  a  disappearance  of  opalescence 
with  more  than  15  cc.  of  N  hydrochloric  acid  with  very  small 
amounts  of  zinc.  From  these  results  it  would  seem  that  15  cc. 
of  N  hydrochloric  acid  are  about  right  to  use  in  50  cc.  of 
solution  with  zinc  ranging  from  0.03  to  0.1  mg. 

The  zinc  as  separated  was  free  of  contaminating  salts  except 
for  the  small  amount  of  sulfide  in  combination  with  the  zinc. 
Several  investigators  add  salts  of  various  kinds  to  increase  the 
opalescence.  Added  salts  were  found  to  impart  a  greenish 
tinge  to  the  opalescence  and  seemed  to  hasten  its  breaking 
down,  and  for  that  reason  are  not  used  in  this  method.  The 
clearest  opalescence  was  secured  by  using  acid  alone.  Maxi¬ 
mum  opalescence  is  attained  in  about  3  minutes  and  persists 
for  15. 

Analytical  Procedure 

The  soil  sample  is  first  fused  with  potassium  pyrosulfate  and 
the  fusion  disintegrated  in  a  hot  dilute  hydrochloric  acid  solu¬ 
tion  (18).  The  silica  is  removed  by  filtration  and  the  filtrate  and 
washing  are  evaporated  to  a  fairly  small  volume.  The  acidity 
of  this  solution  is  fixed  at  0.4  N  and  the  interfering  members 
of  the  first  hydrogen  sulfide  group  in  qualitative  analysis  are  re¬ 
moved  with  hydrogen  sulfide.  The  solution  is  buffered,  a  filter 
aid  added,  and  the  pH  fixed  at  about  3.5  (neutral  gray  color  to 
bromophenol  blue  or  bromochlorophenol  blue).  The  zinc  is 
then  precipitated  with  hydrogen  sulfide  and  filtered.  After 
thorough  washing  it  is  dissolved  off  the  paper  with  1  N  hydro¬ 
chloric  acid.  The  acid  solution  containing  the  zinc  is  made  up  to 
a  definite  volume  and  the  zinc  determined  with  Nessler  tubes  on 
an  aliquot  by  the  ferrocyanide  method. 

Reagents  and  Precautions.  Only  iron,  nickel,  or  monel 
metal  screens  and  grinding  equipment  should  be  used  in  the 
preparation  of  the  sample,  avoiding  all  brass.  Zinc-free  glassware 
must  be  used.  Pyrex  ware  is  satisfactory. 

The  buffer  solution  (.9)  for  zinc  precipitation  consists  of  650 
grams  of  ammonium  sulfate,  500  grams  of  citric  acid,  200  cc.  of 
90  per  cent  formic  acid,  and  500  cc.  of  concentrated  ammonium 
hydroxide  in  2.5  liters.  The  3.2  pH  buffer  solution  consists  of 
37  cc.  of  0.1  JV  hydrochloric  acid  and  2.5508  grams  of  potassium 
acid  phthalate  in  250  cc.  of  solution  (4).  The  indicator  solution 
is  prepared  by  dissolving  1  gram  of  bromochlorophenol  blue  or 
bromophenol  blue  in  28.5  cc.  of  0.1  N  hydroxide  and  diluting  to 
2.5  liters  with  water. 

Fusion.  Two  5-gram  portions  of  soil  are  fused  in  50-cc.  plati¬ 
num  crucibles,  each  with  12  to  20  grams  of  potassium  pyrosulfate 
(8).  If  the  soil  is  mixed  with  half  or  less  of  pyrosulfate  and  the 
remainder  added  in  one  or  more  portions  as  the  fusion  progresses, 
boiling  over  will  be  practically  prevented.  The  amount  of 
potassium  pyrosulfate  needed  is  largely  determined  by  the  quan- 


Figure  3.  Effect  of  Amount  of  Hydro- 
cheoric  Acid  on  Opalescence  of  Zinc  in 
Potassium  Ferrocyanide  Solution 


CC.OF.05  N  POTASSIUM 
FERROCYANIDE  IN  50  CC. 


Figure  1.  Change  in  Opalescence 
with  Various  Amounts  of  Potas¬ 
sium  Ferrocyanide  and  Zinc 


Figure  2.  Effect  of  Amount 
of  Hydrochloric  Acid  on  Opal¬ 
escence  of  Small  Amounts  of 
Zinc 
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tity  of  calcium  and  organic  matter  in  the  sample,  more  being  re¬ 
quired  as  these  components  increase.  The  fusions  can  usually  be 
made  almost  completely  with  the  lid  off,  covering  only  toward  the 
end. 

Separation  of  Impurities.  The  fusions  are  cooled  and  placed 
one  at  a  time  in  a  400-cc.  beaker  containing  250  cc.  of  water  and 
10  cc.  of  hydrochloric  acid.  After  they  have  loosened  and  the 
crucibles  and  lids  have  been  removed  and  washed,  the  solution 
is  evaporated  to  about  100  cc.  on  a  hot  plate.  If  much  calcium 
is  present,  the  solution  must  be  kept  heated  almost  to  the  point 
where  bumping  will  occur  in  order  to  disintegrate  the  fusion. 
If  the  fusion  is  allowed  to  cool  gradually  before  being  placed  in 
the  acid  solution  for  disintegration,  it  will  come  free  from  th'e 
crucible  much  more  readily  than  if  the  fusion  is  placed  in  the 
solution  hot  or  its  cooling  hurried  unduly.  The  solution  is 
filtered  on  a  Buchner  funnel,  removing  the  silica  and  a  good  part 
of  the  gypsum.  The  precipitate  is  washed  several  times  with 
cold  distilled  water.  The  filtrate  and  washings  are  evaporated 
to  100  to  150  cc. 

The  acidity  of  the  solution  is  now  fixed  at  0.4  A  by  adding  the 
proper  amount  of  5  A  sodium  hydroxide.  This  is  determined  by 
titrating  1  cc.  of  the  unknown  solution  in  a  100-cc.  beaker,  with  1 
cc.  of  bromophenol  blue  indicator  solution  to  the  same  color  as  an 
identical  volume  of  pH  3.2  buffer  solution  with  1  cc.  of  bromo¬ 
phenol  blue  indicator.  It  is  convenient  to  have  ready  for  com¬ 
parison  100-cc.  beakers  containing,  respectively,  10,  15,  and  20 
cc.  of  the  buffer  solution  with  1  cc.  of  the  indicator  solution. 
From  this  result  and  the  volume  of  solution  the  amount  of  5  A 
sodium  hydroxide  required  to  bring  the  solution  to  0.4  A  acidity 
can  be  calculated. 

After  the  normality  is  fixed,  hydrogen  sulfide  is  passed  rapidly 
into  the  cold  solution  (10)  for  15  minutes,  the  solution  is  filtered, 
and  the  precipitate  washed  with  a  0.4  A  hydrochloric  acid  solu¬ 
tion,  saturated  with  hydrogen  sulfide.  The  precipitate  is  dis¬ 
carded. 

Separation  of  Zinc.  To  the  filtrate,  approximately  250  cc., 
are  added  25  cc.  of  buffer  solution  and  2.5  cc.  of  bromophenol  blue 
indicator  solution.  The  solution  is  titrated  to  a  gray  color,  or 
slightly  beyond,  with  5  A  sodium  hydroxide.  One  cubic  centi¬ 
meter  of  5  per  cent  talc  suspension  is  then  added  and  the  zinc 
precipitated  by  passing  a  rapid  stream  of  hydrogen  sulfide  for 
30  minutes. 

The  precipitate  is  filtered  and  the  filter  carefully  washed  with 
hydrogen  sulfide  water  containing  4  cc.  of  90  per  cent  formic  acid 
per  liter.  This  washing  frees  the  filter  of  iron.  At  least  four 
washings  are  necessary  and  finally  the  precipitate  and  tips  of  the 
funnels  are  washed  once  with  distilled  water.  The  zinc  sulfide 
on  the  paper  is  then  dissolved  by  washing  the  filter  with  30  cc.  of 
1  A  hydrochloric  acid  into  a  100-cc.  volumetric  flask  and  made  to 
volume  by  washing  the  paper  repeatedly  with  distilled  water. 

Determination  of  Zinc.  Aliquots  of  10  to  25  cc.  of  the  solu¬ 
tion  from  separation  of  the  zinc  are  placed  in  50-cc.  Nessler 
tubes.  The  acidity  is  increased  until  each  one  has  15  cc.  of  A 
hydrochloric  acid,  water  is  added  to  make  45  cc.,  and  finally  5 
cc.  of  the  0.05  A  potassium  ferrocyanide  are  added.  The  whole 
is  mixed  thoroughly  and  then  compared  with  a  set  of  standards 
made  up  in  a  similar  manner.  If  talc  filter  acid  and  water  are 
saturated  with  hydrogen  sulfide  and  filtered,  and  the  hydrochloric 
acid  used  afterward  for  the  standards  is  run  through  this  filter, 
the  standards  will  have  the  same  shade  of  color  as  the  unknowns, 
a  considerable  aid  in  quick  reaching  of  the  unknowns.  Compari¬ 
son  of  unknowns  with  standards  is  best  made  by  placing  the 
Nessler  tubes  over  fine  print  as  suggested  by  Birckner  (2). 

Application  and  Results 

The  method  was  checked  by  adding  1  mg.  of  zinc  to  an  acid 
and  a  neutral  soil  at  various  steps  in  the  process,  and  the  added 
zinc  recovered.  The  results  are  shown  in  Table  I. 


Table  I.  Recovery  of  Added  Zinc  from  an  Acid  and 
Neutral  Soil 

Inherent  Total 

Stage  in  Method  When  Zinc  Zinc  Zinc  in  Zinc 

Was  Added  Added  Soil  Sample  Recovered 

Mg.  Mg.  Mg. 


Monroe  silt  loam,  virgin  soil,  3  to  6  inches,  pH  4.68 


Zinc  applied  in  solution  before  fusion 

Zinc  added  dry  before  fusion 

ZiDc  added  in  solution  before  fusion 
Fused  very  hard 

Yaholla  fine  sandy  loam, 
Zinc  added  before  silica  filtered 

Zinc  added  after  silica  filtered 


1.00 

0.40 

1.40 

1.00 

0.40 

1.40 

1.00 

0.40 

1.40 

1.00 

0.40 

1.40 

1.00 

0.40 

1.40 

1.00 

0.40 

1.40 

to  36  inches,  pH  7.00 

1.00 

0.22 

1.20  + 

1.00 

0.22 

1.20  + 

1.00 

0  22 

1.20  + 

1.00 

0  22 

1.20  + 

The  zinc  content  of  six  soils  ranging  in  reaction  from  pH 
4.25  to  8.40  as  determined  by  this  method  is  given  in  Table 
II.  This  table  shows  considerable  variation  in  the  zinc  con¬ 
tent  of  soil  profiles.  The  lowest  amount  of  zinc  in  any  horizon 
is  0.04  mg.  per  10-gram  sample  and  the  highest  amount  is 
0.83  mg.  Rosette  of  pecans  has  been  found  to  be  associated 
with  deficiences  of  available  zinc  in  soils  and  a  discussion  of 
this  relationship  will  be  presented  in  another  publication. 


Table  II.  Zinc  Content  of  Typical  Soils 


Yaholla 

(Amount  per  10  grams) 
Uvalde  Frio  Acadia 

Catalpa 

Ochlocko- 

Fine 

Silty 

Silty 

Very  Fine 

Silty 

nee  Fine 

Depths 

Sandy 

Clay 

Clay 

Sandy 

Clay 

Sandy 

Loam 

Loam 

Loam 

Loam 

Loam 

Loam 

Inches 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

0-3 

0.73 

0.23 

3-6 

0.83 

0.25 

0-6 

0.63 

0.53 

0.53 

0  04 

6-12 

0.63 

0.38 

0.53 

0.09 

0.73 

0.25 

Feet 

1-2 

0.53 

0.38 

0.53 

0.17 

0.83 

0.23 

2-3 

0.43 

0.43 

0.63 

0.21 

0.83 

0.33 

3-4 

0.43 

0.38 

0.63 

0.19 

0.83 

0.38 

4-5 

0.43 

0.33 

0.63 

0  29 

0.83 

0.33 

5-6 

0.43 

0.43 

0  63 

0  31 

0.83 

0.33 

6-7 

0.43 

7-8 

0.53 

8-9 

0.63 

9-10 

0.68 

10-11 

0.73 

11-12 

0.78 
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Recovering  Chloroform  from  Used 
Dithizone  Solutions 

DONALD  A.  BIDDLE 

Morley  Chemical  Laboratory,  Western  Reserve  Uni¬ 
versity,  Cleveland,  Ohio 

CHLOROFORM  from  used  dithizone  solutions  can  be 
economically  recovered  by  first  removing  any  aqueous 
layer,  then  washing  until  colorless  with  commercial  sulfuric 
acid  equal  to  5  or  10  per  cent  of  its  volume,  treating  with  lime, 
distilling  in  the  presence  of  some  of  the  excess  lime,  and 
finally  adding  alcohol  (1.0  to  1.5  per  cent  by  volume).  The 
sulfuric  acid  removes  the  organic  impurities,  while  the  lime 
neutralizes  the  excess  acid  or  any  acid  resulting  from  the  de¬ 
composition  of  the  chloroform  during  distillation,  and  the  al¬ 
cohol  acts  as  a  preservative.  The  product  meets  the  tests 
of  the  U.  S.  Pharmacopeia  and  is  suitable  for  further  use  with 
dithizone  or  in  other  procedures. 
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Measuring  the  Susceptibility  of  Asphalts 
to  Temperature  Changes 

A.  HOLMES,  J.  O.  COLLINS,  AND  W.  C.  CHILD,  Standard  Oil  Company  of  New  Jersey,  Elizabeth,  N.  J. 


PRIOR  to  the  introduction 
of  modern  distillation  meth¬ 
ods  into  the  petroleum  industry, 
the  sources  of  petroleum  as¬ 
phalts  were  comparatively  few. 

Subsequently,  however,  the  in¬ 
creased  use  of  vacuum  pipe 
stills,  as  well  as  other  improve¬ 
ments  in  refining  methods, 
opened  a  considerably  broader 
field,  resulting  in  the  production 
of  asphalts  from  sources  which 
previously  could  not  be  proc¬ 
essed  for  that  purpose  in  exist¬ 
ing  equipment  without  some 
decomposition.  Modern  meth¬ 
ods  have  also  made  possible  the 
manufacture  of  a  larger  number 
of  asphalt  grades  than  were 
formerly  produced. 

Asphalts,  in  general,  are 
classified  in  several  groups  ac¬ 
cording  to  their  use  as  binders  and  paving  asphalts  for  the  con¬ 
struction  of  roads,  saturants  and  roofing  asphalts  for  the  roof¬ 
ing  trade,  as  well  as  innumerable  specialty  products  for  many 
other  uses.  Each  classification  is  subdivided  into  numerous 
grades  depending  upon  their  consistency,  which  is  usually 
designated  by  one  or  more  of  the  standardized  tests,  such  as 
softening  point,  penetration,  and  viscosity.  The  ring  and 
ball  softening  point  is  defined  as  that  temperature  at  which  a 
sample  of  asphalt,  molded  in  a  ring  of  standard  size  and  upon 
which  a  0.94-cm.  (0.375-inch)  steel  ball  has  been  set,  sags 
under  the  weight  of  the  ball  to  a  depth  of  2.5  cm.  (1  inch) 
when  suspended  in  a  fluid,  either  water  or  glycerol,  heated  at 
a  definite  rate  of  5°  C.  (9°  F.)  per  minute.  The  penetration 
is  defined  as  the  depth,  measured  in  one-hundredths  of  a  cen¬ 
timeter,  to  which  a  standard-size  needle  penetrates  the  as¬ 
phalt  under  definite  conditions  of  temperature,  weight,  and 
time.  Because  of  the  nature  of  asphalts,  these  methods  are 
necessarily  fixed,  arbitrary,  and  closely  defined,  in  order  that 
comparable  results  may  be  obtained.  The  viscosity  may  be 
determined  in  numerous  ways  by  means  of  efflux-type  or  tor¬ 
sion-type  viscometers. 

While  these  tests  per  se  serve  to  define  the  physical  charac¬ 
teristics  of  an  asphalt  under  specified  conditions,  they  do  not, 
individually  or  collectively,  give  a  clear  picture  as  to  the  be¬ 
havior  over  the  wider  range  of  conditions  encountered  in  ac¬ 
tual  service. 

Recently,  there  has  been  an  increasing  demand  from  the 
asphalt  consumer  for  some  simple  method  by  which  the  be¬ 
havior  of  an  asphalt  under  service  conditions  can  be  definitely 


indicate  numerically  the  con¬ 
sistency  changes  of  an  asphalt 
at  normal,  subnormal,  and 
elevated  temperatures.  It 
should  be  borne  in  mind,  how¬ 
ever,  that  asphalts  have  other 
characteristics  just  as  important 
which  do  not  come  within  the 
scope  of  this  paper. 

Review  of  Some  Present 
Methods 

In  dealing  with  asphalts,  the 
term  “susceptibility”  is  gener¬ 
ally  employed  to  indicate  the 
tendency  of  this  material  to 
change  in  consistency  with 
changes  in  temperature.  A 
product  that  changes  consist¬ 
ency  rapidly  with  temperature 
is  spoken  of  as  possessing  a  high 
susceptibility,  and  one  which 
changes  slowly  with  temperature  has  a  low  susceptibility. 

If  an  asphalt  which  is  highly  susceptible  is  used  as  a  filler  in 
block  pavements,  either  wood  or  stone,  the  heat  under  normal 
summer  conditions  will  cause  the  asphalt  to  soften  almost  to  the 
point  of  being  fluid.  This  will  ooze  out  of  the  joint  onto  the 
blocks,  rendering  them  sticky.  An  asphalt  with  low  suscepti¬ 
bility  will  not  soften  to  any  such  degree  under  the  same  condi¬ 
tions  and  although  expansion  will  take  place,  the  bitumen  will 
remain  in  a  more  or  less  solid,  nonsticky  condition.  In  an  as¬ 
phalt  macadam  road,  other  conditions  being  equal,  a  highly  sus¬ 
ceptible  asphalt  tends  to  lower  road  stability  and  cause  displace¬ 
ment  under  the  action  of  heavy  traffic  in  hot  weather,  because  the 
asphalt  will  soften  to  a  greater  degree  and  hence  lose  more  of  its 
bonding  power  than  one  of  low  susceptibility.  On  the  other 
hand,  it  is  sometimes  desirable  to  have  an  asphalt  which  becomes 
fluid  rapidly  as  the  temperature  is  raised.  In  the  manufacture 
of  some  impregnated  products  a  highly  susceptible  asphalt,  in 
this  case  one  which  becomes  fluid  more  rapidly  at  elevated  tem¬ 
peratures  than  one  of  low  susceptibility,  tends  to  impregnate  the 
material  to  a  greater  extent  than  the  less  susceptible  bitumen, 
under  the  same  conditions. 

Thus,  susceptibility  of  an  asphalt  is  a  property  which  mani¬ 
fests  itself  readily  and  is  easily  recognizable  in  all  fields  where 
asphalt  is  employed.  The  existing  methods  of  measuring 
this  property  are  not  entirely  suitable,  either  because  of  the 
limited  range  of  consistencies  over  which  they  may  be  calcu¬ 
lated  or  because  they  require  the  use  of  special  apparatus  and 
methods  of  testing  not  readily  available  nor  widely  in  use. 

Susceptibility  Factor.  Two  methods  of  expressing  the 
susceptibility  factor  which  have  been  used  for  a  number  of 
years  are  calculated  from  the  following  formulas: 


The  need  for  some  suitable  means  of 
expressing  the  change  in  consistency  of 
asphalts  over  the  wide  range  of  tempera¬ 
ture  usually  encountered  in  actual  service 
is  demonstrated.  While  no  single  factor 
has  been  developed  which  will  adequately 
serve  to  measure  the  temperature  suscepti¬ 
bility  over  the  entire  desired  range  of  con¬ 
ditions,  three  methods  are  suggested  which 
can  be  used  in  conjunction  with  one  an¬ 
other  for  this  purpose.  The  softening 
point-penetration  index  indicates  the  sus¬ 
ceptibility  over  a  narrow  range  of  normal 
atmospheric  temperatures,  the  ratio  of  the 
penetration  at  25°  C.  (77°  F.)  to  the  pene¬ 
tration  at  0°  C.  (32°  F.)  at  subnormal,  and 
the  fluidity  index  at  elevated  temperatures. 


Susceptibility  factor  = 


penetration  at  46.1°  C.  per  50  grams  per  5  seconds  —  penetration  at  0°  C.  per  200  grams  per  60  seconds 

penetration  at  25°  C.  per  100  grams  per  5  seconds 


(1) 


Susceptibility  factor  = 


penetration  at  37.8°  C.  per  100  grams  per  5  seconds 
penetration  at  25°  C.  per  100  grams  per  5  seconds 


(2) 


measured.  In  an  attempt  to  meet  one  phase  of  this  condition, 
the  available  asphalt  data  obtained  from  various  crude  sources 
were  reviewed  with  the  result  that  factors  were  evolved  which 


Method  1  has  gradually  been  almost  entirely  supplanted  by 
method  2,  which  was  originally  given  in  the  paving  asphalt 
specifications  for  one  of  our  large  cities.  Application  of  the 
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data  to  these  two  methods  indicates  that,  while  they  give  re¬ 
sults  in  the  same  order  of  magnitude,  they  are  not  always  in 
agreement.  It  was  also  observed  that  no  calculations  could 
be  made  on  asphalts  softer  than  70  to  75  penetration  at  25°  C. 
(77°  F.)  because  the  values  of  penetration  at  37.8°  C. 
(100°  F.)  and  46.1°  C.  (115°  F.)  were  indeterminate,  owing 
to  the  limitations  of  the  penetration  test.  The  limit  of  pene¬ 
tration  is  approximately  350,  corresponding  to  the  depth  of 
the  asphalt  container  specified  by  the  test.  For  a  given 
source  of  asphalt,  the  factors  varied  over  a  rather  wide  range, 
depending  upon  the  consistency. 

A  third  type  of  factor  has  been  suggested  by  Abraham  ( 1 ). 


Hoepfner-Metzger  Viscosity  Law.  The  Hoepfner- 
Metzger  viscosity  law  of  normal  tars  and  asphalts  ( 3 )  has 
also  been  suggested  as  a  means  of  determining  the  suscepti¬ 
bility  of  asphalts.  The  so-called  Hoepfner-Metzger  “rigid 
point”  of  asphalts  and  Ubbelohde  drop-point  form  the  basis 
of  this  system.  Any  tests  which  measure  the  viscosity  of  an 
asphalt  can  be  correlated  by  means  of  this  law.  As  in  the  case 
of  some  other  factors,  it  requires  tests  employing  special  ap¬ 
paratus  and  methods  not  in  general  use  in  this  country,  thus 
limiting  the  wide  application  of  such  a  system. 

Evolution  of  Suggested  Methods 


Susceptibility  factor  = 


hardness  at  0°  C.  —  hardness  at  46.1°  C. 
softening  point  (Kramer-Sarnow)  0  C. 


(3) 


Since  the  hardness,  defined  as  the  cube  root  of  the  number  of 
grams  which  must  be  applied  to  a  circular  flat  surface  1  sq. 
cm.  in  area  to  cause  it  to  displace  the  substance  at  a  speed  of 
1  cm.  per  minute,  is  determined  by  a  special  apparatus  not 
in  general  use,  this  method  has  little  practical  value.  The 
Kramer-Sarnow  softening  point  differs  from  the  more  common 
ring  and  ball  method  in  that  the  former  is  obtained  by  placing 
5  grams  of  mercury  on  a  plug  of  asphalt  formed  in  a  glass  tube 
of  definite  size.  The  Kramer-Sarnow  softening  point  is  the 
temperature  at  which  the  mercury  drops  through  the  tube. 

The  Kramer-Sarnow  softening  point  is  usually  8°  to  14°  C. 
lower  than  the  ring  and  ball  softening  point. 

Fluidity  Factor.  The  correlation  of  the  viscosity  of  an 
asphalt  and  its  penetration  forms  the  basis  for  the  calculation 
of  a  “fluidity  factor”  (4)  which  is  used  in  some  sections  of  the 
country  for  describing  the  change  in  consistency  of  an  as¬ 
phalt  with  temperature.  The  formula  in  this  case  becomes: 


Fluidity  factor  =  (Furol  viscosity  at  135°  C.  —  penetration  at  25°  C.  per  100 

’  C.  per  100  grams  per  5  seconds  \ 


_  .  .  / penetration  at  25 c 

grams  per  5  seconds)  I  - - 


100 


As  pointed  out  by  Zapata  (4),  this  factor  is  of  particular 
value  over  the  range  of  paving  grades,  although  it  does  not 
remain  constant  for  asphalts  from  a  given  source  but  varies 
with  the  consistency.  An  asphalt  of  122  penetration  at  25°  C. 
per  100  grams  per  5  seconds  and  Furol  viscosity  at  135°  C. 
(275°  F.)  of  222  seconds  shows  a  factor  of  122  by  this  method, 
whereas  a  product  from  the  same  source  of  29  penetration  at 
25°  C.  (77°  F.)  and  799  Furol  viscosity  at  135°  C.  (275°  F.) 
shows  a  value  of  223. 

Float  Test  Index.  Another  method  known  as  the  float 
test  index,  which  has  been  used  in  one  of  the  midwestern  state 
specifications  for  paving  asphalts,  is  calculated  as  follows: 


Float  test  index  =  \/ F  X  P 


(5) 


where  F  is  the  float  test  in  seconds  at  80°  C.  (176°  F.)  and  P 
the  penetration  at  25°  C.  per  100  grams  per  5  seconds. 

The  float  test  is  a  consistency  test  in  which  asphalt  is  poured 
into  a  standardized  mold  or  collar.  After  cooling  the  sample  for 
the  designated  time,  the  collar  is  screwed  into  the  bottom  of  the 
aluminum  float  or  saucer  and  the  assembly  floated  in  a  water 
bath  at  the  desired  temperature.  As  the  plug  of  asphalt  is 
warmed  by  the  water,  it  becomes  fluid  and  is  forced  upward  and 
out  of  the  collar.  The  time  in  seconds  between  placing  the  ap¬ 
paratus  on  the  water  and  when  the  water  breaks  through  the 
material,  causing  the  float  to  sink,  is  taken  as  the  float  test  of  the 
material. 


Before  discussing  the  new  methods  evolved,  a 
few  comments  should  be  made  on  the  familiar 
viscosity  index  system  for  evaluating  lubricat¬ 
ing  oils  as  developed  by  Dean  and  Davis 
(2),  since  two  of  the  proposed  factors  may  be  described  as 
being  essentially  indexes  similar  to  this  system.  Briefly,  the 
Dean  and  Davis  system  consists  in  obtaining  the  Saybolt  Uni¬ 
versal  viscosities  of  two  series  of  oils,  each  derived  from  an 
extreme  type  of  crude,  at  the  standard  temperatures  of 
37.8°  C.  (100°  F.)  and  98.9°  C.  (210°  F.).  From  these  basic 
figures,  a  general  relationship  between  the  viscosity  at  37.8°  C. 
(100°  F.)  and  at  98.9°  C.  (210°  F.)  was  formulated  for 
each  series.  From  these  equations  a  system  of  so-called 
viscosity  indexes  was  developed  which  indicates  the  viscosity- 
temperature  coefficients  of  any  oil  on  a  scale  in  which  the  se¬ 
ries  of  oils  (Texas-Coastal)  having  a  high  temperature  coeffi¬ 
cient  are  designated  as  0  and  those  with  a  low  coefficient 
(Pennsylvania)  as  100. 

The  usefulness  and  widespread  adoption  of  this  method  for 
evaluating  the  viscosity-temperature  characteristics  or  sus¬ 
ceptibility,  as  it  might  be  called,  of  lubricating  oils  is  general 
knowledge. 

We  are  interested  at  present  in  one  of  the 
(4)  important  characteristics  of  asphalts — namely, 
the  degree  of  hardening  or  softening  which 
takes  place,  or  in  other  words,  the  suscepti¬ 
bility  over  the  temperature  range  more  or  less  governed  by 
climatic  conditions.  At  these  temperatures,  asphalts  of  par¬ 
ticular  interest  are  those  with  measurable  penetrations. 
These  considerations  would  suggest  that  a  factor  used  for  in¬ 
dicating  susceptibility  should  include  both  the  softening 
point  and  penetration  at  25°  C.  (77°  F.). 

The  statement  should  probably  be  made  at  this  point  that 
no  single  factor  or  method  has  been  developed  in  the  present 
investigation,  which  will  adequately  serve  to  measure  the 
susceptibility  over  the  entire  desired  range  of  consistency  and 
temperature.  Three  methods  will  be  described,  however, 
which  can  be  used  in  conjunction  with  one  another  to  give  a 
fairly  complete  picture  of  the  susceptibility  characteristics  of 
an  asphalt. 

Softening  Point-Penetration  Index.  From  the  corre¬ 
lation  of  data  from  a  large  number  of  crude  sources,  a  general 
relationship  has  been  found  to  exist  between  the  softening 
point  and  penetration  for  straight  reduced  asphalts — i.  e., 
those  produced  by  st-eam  and/or  vacuum  distillation,  from 
any  given  source.  This  relationship,  which  gives  a  straight 
line  on  log-log  coordinate  paper,  may  be  expressed  by  the 
equation : 


or 


Log  M  =  a  log  P  +  log  k 
M  =  kP° 


(6) 

(7) 


The  lack  of  specific  data  on  the  float  test  at  80°  C.  (176°  F.) 

1  precludes  a  detailed  discussion  on  this  factor,  although  it 
would  appear  that  this  method  would  be  more  or  less  limited 
to  those  asphalts  in  the  paving  range  of  consistencies — i.  e., 
from  30  to  95  penetration  at  25°  C.  (77°  F.). 


where  M  is  the  ring  and  ball  softening  point,  in  °  F.,  P  the 
penetration,  and  a  and  k  are  constants  depending  upon  the 
source  of  the  asphalt  and  the  temperatures  at  which  the  pene¬ 
tration  is  taken.  While  this  relationship  gives  no  indication, 
by  itself,  of  the  change  in  consistency  of  any  one  asphalt  with 

\ 
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Figure  1 


iso-softening  point  line.  At  this  point,  the  index 
number  is  read  vertically  downward  from  the  ab¬ 
scissa  scale  giving  a  value  of  67. 

This  index  may  be  applied  to  oxidized  as¬ 
phalts  as  well  as  straight  reduced  grades. 
The  former  are  made  by  air-blowing  or 
refining  a  straight  reduced  crude  residuum 
usually  of  soft  consistency  which  is  commonly 
referred  to  as  the  base.  It  is  known  that 
the  greater  the  extent  of  oxidation,  the  lower 
is  the  susceptibility  of  an  asphalt.  In  other 
words,  the  higher  the  softening  point  of  an 
oxidized  asphalt  blown  from  a  given  base,  the 
higher  is  its  index.  Likewise,  for  a  given 
softening  point,  the  softer  the  consistency  of 
the  oxidizing  base,  the  higher  is  the  index. 

Table  I  gives  the  values  of  this  index  for 
asphalts  from  various  sources  over  the  rela¬ 
tively  narrow  range  of  paving  asphalts 
from  30  to  95  penetration  at  25°  C.  (77°  F.) 
as  well  as  for  the  whole  range  from  0  to 
200  penetration  at  25°  C.  (77°  F.). 

Mexican  and  petroleum  tar  asphalts  have 
obviously  a  100  and  0  index,  respectively, 
over  the  entire  range  since  they  are  the  as¬ 
sumed  standards.  The  asphalts  from  the  re¬ 
maining  sources  vary  somewhat,  particu¬ 
larly  over  the  wide  range,  since  the  softer 
asphalts  from  any  given  source  usually  display 
.  a  higher  index. 


temperature,  experience  has  shown  in  a  general  way  that  the 
higher  the  penetration  of  an  asphalt  at  25°  C.  (77°  F.)  for  a 
given  softening  point,  the  less  susceptible  is  that  asphalt  to 
temperature  changes. 

An  attempt  to  express  this  general  relationship  numerically 
resulted  in  the  development  of  the  so-called  softening  point- 
penetration  index.  From  the  data  obtained  on  two  series  of 
asphalts  from  sources  of  extreme  types,  a  chart  (Figure  1) 
was  constructed.  Basic  figures  used  for  developing  the  ar¬ 
bitrary  scales  were  obtained  from  accurate  tests  on  vacuum- 
pipe  still  reduced  asphalts  from  Heavy  Mexican  and  petro¬ 
leum  tar.  Asphalts  from  Heavy  Mexican  crude  were  arbi¬ 
trarily  chosen  as  100  on  the  index  scale  as  representing  prod¬ 
ucts  having  a  low  consistency-temperature  coefficient,  while 
those  from  petroleum  tar  were  selected  as  the  other  extreme — 
that  is,  as  0  on  the  scale,  representing  asphalts  with  a  high 
consistency-temperature  coefficient.  These  two  extremes 
correspond  to  the  use  of  Pennsylvania  and  Texas-Coastal  oils, 
respectively,  as  extremes  in  the  Dean  and  Davis  lubricating 
oil  viscosity  index  system.  In  this  discussion,  petroleum  tar 
is  to  be  considered  as  the  residue  from  the  cracking  of  virgin 
gas  oil  under  high  temperature  and  pressure.  As  in  the 
viscosity  index  system,  the  sources  of  asphalts  selected  as 
standards  do  not  represent  either  the  lowest  or  highest  known 
susceptibilities. 

In  Figure  1,  the  ordinate  represents  the  penetration  at  25°  C. 
per  100  grains  per  5  seconds,  those  for  Mexican  asphalt  being  on 
the  right  and  for  petroleum  tar  products  on  the  left  of  the  0  to  100 
scale.  The  abscissa  represents  the  index  number,  which  may  be 
extended  above  100  or  below  0,  and  the  diagonal  lines  indicate  con¬ 
stant  or  iso-softening  point.  Thus,  for  example,  the  straight 
line  shown  for  54.4°  C.  (130°  F.)  softening  point  was  drawn  be¬ 
tween  19.5  penetration  at  25°  C.  (77°  F.)  at  0  index,  the  penetra¬ 
tion  of  a  petroleum  tar  asphalt  of  this  softening  point,  and  57 
penetration  at  25°  C.  (77°  F.),  the  corresponding  value  at  100 
index  for  Mexican  asphalt.  As  an  example  of  the  use  of  this 
chart,  it  is  desired  to  determine  the  softening  point-penetration 
index  of  an  asphalt  having  a  softening  point  of  54.4°  C.  (130°  F.) 
and  40  penetration  at  25°  C.  per  100  grams  per  5  seconds.  The 
penetration  is  read  from  the  ordinate  scale  on  the  left,  followed 
horizontally  to  the  right  until  it  intersects  the  54.4°  C.  (130°  F.) 


From  the  values  in  Table  I,  it  appears  that  the  softening 
point-penetration  index  affords  a  ready  means  of  classifying 
asphalts  as  to  their  susceptibility  characteristics  at  what  the 
authors  chose  to  call  normal  temperatures — i.  e.,  25°  C. 
(77°  F.). 

Table  I.  Numerical  Magnitude  of  Softening  Point- 
Penetration  Index 


Range  of  Values  for  Softening  Point-Penetration 
Index 


Asphalts3 

Paving  range, 
30-90  penetration  at 
25°  C. 

Whole  range, 
0-200  penetration  at 
25°  C. 

Mexican 

100 

100 

Venezuelan 

85-88 

78-  90 

Colombian 

67-77 

67-100 

Heavy  Smaekover 

82-94 

72-110 

West  Texas 

59-62 

52-  90 

Healdton 

70-76 

70-  80 

Midcontinent 

59-65 

52-  75 

Van  Zandt 

68-75 

68-110 

California  (Kern  River) 

14-27 

4-  58 

East  Venezuelan 

10-27 

5-  65 

Petroleum  tar 

0 

0 

a  Straight  reduced  asphalts. 

Penetration  range,  penetration  25°  C.  per  100  grams  per  5  seconds. 


Susceptibility  at  Subnormal  Temperatures.  It  was 
previously  shown  that  methods  1  and  2  for  determining  the 
susceptibility  factor  of  an  asphalt  were  limited  to  asphalts 
with  a  maximum  penetration  of  70  to  75  at  25°  C.  (77°  F.). 
Another  method  which  has  been  used  from  time  to  time  in 
practice  and  which  extends  the  range  of  asphalts  consists  in 
calculating  the  ratio  of  penetration  at  25°  C.  per  100  grams 
per  5  seconds  and  penetration  at  0°  C.  per  200  grams  per  60 
seconds.  Thus,  at  subnormal  temperatures,  the  susceptibility 
becomes : 

Susceptibility  factor  = 

penetration  at  25°  C.  per  100  grams  per  5  seconds  .  . 
penetration  at  0°  C.  per  200  grams  per  60  seconds 

This  method  not  only  extends  the  range  over  which  a  factor 
can  be  obtained  but  also  indicates  the  behavior  of  an  asphalt 
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over  the  temperature  range  from  25°  to  0°  C.  (77°  to  32°  F.). 
The  characteristics  of  an  asphalt,  as  the  temperature  is  low¬ 
ered,  are  just  as  important,  if  not  more  so,  than  at  higher 
temperatures  because  it  is  at  the  lower  temperatures  that 
asphalts  fail  by  cracking  and  thus  lose  their  protective  or 
bonding  properties.  From  these  considerations,  this  method 
possesses  distinct  advantages  over  methods  1  and  2.  The 
available  data  for  various  sources  were  calculated  by  method 
8  and  shown  in  Table  II. 

In  this  case,  Mexican  asphalts  showed  a  fairly  constant 
factor  of  3.3,  whereas  the  petroleum  tar  asphalts  varied  over 
the  wide  range  shown.  The  smaller  the  ratio  of  the  two  pene¬ 
trations,  the  lower  is  the  susceptibility  of  the  asphalt  over  this 
temperature  range. 

Table  II.  Numerical  Magnitude  of  the  Susceptibility 
Factor  at  Subnormal  Temperatures 

penetration  at  25°  C.  per  100  grams  per  5  seconds \ 

penetration  at  0°  C.  per  200  grams  per  60  seconds/ 
Range  of  Susceptibility  Factor  Values 
Paving  range.  Whole  range, 

30-90  penetration  at  0-200  penetration  at 


sources  are  not  as  marked  and  for  softer  asphalts  the  limit  of 
accuracy  of  the  Furol  viscometer  enters  the  picture.  Simi¬ 
larly,  at  low  temperatures,  the  viscosities  on  the  harder  as¬ 
phalts  are  unduly  high  with  the  accompanying  sacrifice  of 
accuracy.  This  index  can  also  be  applied  to  oxidized  as¬ 
phalts  since,  for  a  given  penetration,  the  rise  in  viscosity  is 
dependent  upon  the  extent  of  oxidation.  As  in  the  case  of 
the  softening  point-penetration  index,  the  softer  the  base  from 
which  an  oxidized  asphalt  is  blown,  the  higher  will  be  its  index. 

Table  III.  Numerical  Magnitude  of  the  Fluidity  Index 

Range  of  Fluidity  Index  Values 
Paving  range,  Whole  range, 

30-95  penetration  at  0-200  penetration  at 


^Susceptibility  factor 


Asphalts® 


25°  C 


25°  C. 


Mexican 

3.3 

3.3 

Venezuelan 

3.4-  3.8 

3.3-  4.5 

Colombian 

3.5-  5.0 

3.3-  5.5 

Heavy  Smackover 

2.71-3.50 

2.5-  5.0 

West  Texas 

4.6-  5.8 

4.2-  9.0 

Healdton 

5.4-  6.6 

5.2-  9.0 

Midcontinent 

3.7-  4.8 

3.4-  7.0 

Van  Zandt 

3.2-  4.2 

1.8-  7.0 

California  (Kern  River) 

12.5-13.3 

12.5-13.3 

East  Venezuelan 

4.4-  5.2 

3.8-10.0 

Petroleum  tar 

7.0-17.0 

7.0-17.0 

Asphalts 

Mexican 
Venezuelan 
Colombian 
Midcontinent 
Van  Zandt 

California  (Kern  River) 
California  (Kern  River 
oxidized) 

West  Texas  (straight 
reduced) 

West  Texas  oxidized 
(41-50  penetration  at 
25°  C.) 

Petroleum  tar 


25°  C. 

100 

85-87 

79-81 

83-86 

77-79 

45 

54-60 

69-71 


84 

0 


25°  C. 

100 

76- 87 

77- 81 
83-86 
77-79 


69-71 


0  Straight  reduced  asphalts. 

Penetration  range,  penetration  at  25°  C. 


per  100  grams  per  5  seconds. 


Fluidity  Index.  In  order  to  determine  the  susceptibility 
at  elevated  temperatures,  the  so-called  fluidity  index  was  de¬ 
veloped  in  essentially  the  same  manner  as  the  softening  point- 
penetration  index,  but  using  the  penetration  at  25°  C.  per 
100  grams  per  5  seconds  and  Furol  viscosity  at  135°  C. 
(275°  F.)  as  the  required  inspections.  Experience  has  shown 
that  the  higher  the  softening  point-penetration  relationship 
an  asphalt  possessed,  the  less  susceptible  it  was  to  changes  in 
temperature.  To  carry  this  one  step  further, 
it  has  been  generally  found  that  of  two  as¬ 
phalts  with  the  same  penetration  at  25°  C. 

(77°F.)  that  product  which  shows  the 
higher  viscosity  at  a  given  temperature  is 
i  less  susceptible  than  the  material  with  the 
lower  viscosity.  Hence,  the  penetration  can 
be  linked  with  viscosity  to  give  an  indication 
of  changes  in  consistency  at  more  or  less 
elevated  temperatures. 

I  In  constructing  the  fluidity  index  chart 
(Figure  2),  the  same  two  series  of  asphalts 
were  used  as  in  the  softening  point-penetra¬ 
tion  index — that  is,  Heavy  Mexican  asphalts 
were  arbitrarily  taken  as  100  and  petroleum 
tar  asphalts  as  0  in  the  index  scale.  The 
ordinate  in  this  case  represents  the  Furol 
viscosity  at  135°  C.  (275°  F.),  the  abscissa 
the  fluidity  index,  and  the  diagonal  lines  indi¬ 
cate  constant  penetration  at  25°  C.  (77°  F.). 

By  applying  a  large  number  of  data  to 
this  index,  results  such  as  given  in  Table  III 
are  obtained. 

The  viscosity  at  135°  C.  (275°  F.)  was 
chosen  because  it  was  found  that  data  could 
be  obtained  at  this  temperature  over  the  im¬ 
portant  range  of  consistencies  from  200  to  25 
penetration  at  25°  C.  (77°  F.).  While  higher 
temperatures  may  be  employed,  the  differ¬ 
ences  between  asphalts  from  various 


Discussion  of  Results 

The  present  study  has  indicated  the  improbability  of  finding 
a  single  factor  or  index  which  will  cover  a  wide  range  of  con¬ 
sistencies  and  adequately  serve  to  measure  the  susceptibility 
of  an  asphalt  over  the  entire  range  from  subnormal  atmos¬ 
pheric  temperatures  to  elevated  temperatures.  It  does  not 
necessarily  follow  that  an  asphalt  which  shows  a  high  soften¬ 
ing  point-penetration  index  value  will  also  display  a  low  sus¬ 
ceptibility  factor  at  low  temperatures  and  a  high  fluidity 
factor  at  elevated  temperatures. 

Table  IV  represents  a  comparison  of  some  of  the  data  to 
illustrate  this  feature. 

.  For  example,  Colombian  53  penetration  asphalt  shows  a 
lower  softening  point-penetration  index  than  a  55  penetration 
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Healdton  asphalt — i.  e.,  70  as  compared  with  73,  respec¬ 
tively — although  the  subnormal  temperature  susceptibility 
for  the  latter  is  considerably  higher  than  for  the  former  as¬ 
phalt.  In  other  words,  while  the  Healdton  asphalt  is  not  as 
susceptible  at  normal  temperatures  as  the  Colombian  grade, 
the  latter  does  not  harden  as  rapidly  as  the  temperature  is 
lowered.  A  similar  example  can  be  shown  with  respect  to 
the  fluidity  index.  West  Texas  asphalt  with  50  penetration 
at  25°  C.  has  the  same  softening  point-penetration  index  as 
a  Midcontinent  asphalt  of  the  same  consistency,  although  at 
elevated  temperatures,  as  measured  by  the  fluidity  index,  the 
Midcontinent  asphalt  has  a  higher  index  than  the  former. 
In  this  case  also,  the  low  temperature  susceptibility  is  lower 
for  the  Midcontinent  than  for  the  West  Texas  product. 


Table  IV.  Changes  in  Susceptibility  Characteristics 
BETWEEN  Low  AND  ELEVATED  TEMPERATURES 


Softening 

Points- 

Suscepti- 

Source  and  Grade 

Penetration 

bility° 

Fluidity 

Index 

Factor 

Index 

Colombian,  53  penetration  at  25°  C. 
Healdton,  55  penetration  at  25°  C. 

70 

3.83 

81 

73 

6.11 

Midcontinent,  50  penetration  at  25°  C. 
West  Texas,  50  penetration  at  25°  C. 

Penetration  at  25°  C. 
a  - - - . 

63 

3.92 

85 

63 

5.88 

70 

Penetration  at  0°  C. 

Thus,  any  theoretical  consideration  or  comparison  of  as¬ 
phalts  must  take  into  account  these  differences  in  behavior. 
In  practice,  certain  uses  demand  a  highly  susceptible  asphalt 
at  elevated  temperatures  while,  in  other  cases,  the  low-tem¬ 
perature  characteristics  are  more  important. 

In  applying  the  proposed  methods  of  measuring  suscepti¬ 
bility  as  an  aid  in  choosing  the  proper  asphalt  for  a  given  serv¬ 
ice,  the  fact  should  be  borne  in  mind  that  susceptibility  is 
by  no  means  the  sole  criterion  upon  which  the  quality  of  an 
asphalt  is  based.  Other  properties,  such  as  resistance  to 
weathering,  water  absorption,  or  resistance  to  acid  and  alkali, 
for  example,  are  usually  just  as  important  as  susceptibility. 

In  the  presentation  of  the  results  of  this  study,  no  attempts 
have  been  made  to  establish  definite  limits  to  any  of  the  in¬ 
dexes  or  factors  for  the  purpose  of  defining  quality  or  suita¬ 
bility  of  an  asphalt  for  any  particular  use.  More  practicable 
methods  than  those  now  in  use  are  suggested,  by  which  the 
consumer  will  be  able  more  accurately  to  correlate  his  data  on 
service  behavior  in  so  far  as  susceptibility  is  concerned.  These 
methods  have  the  advantages  of  covering  a  wider  range  of 
asphalts  and  conditions  than  was  heretofore  possible,  and 


employing  apparatus  and  tests  which  are  commonly  used  and 
hence  familiar  to  those  in  asphalt  work.  The  correlation  be¬ 
tween  service  behavior  and  the  susceptibility  as  determined 
by  the  suggested  methods  should  then  serve  as  a  guide  for 
future  decisions  on  the  suitability  of  an  asphalt  for  a  given 
purpose.  At  the  present  time,  the  lack  of  reliable  actual  serv¬ 
ice  data  prevents  the  authors  from  giving  any  specific  ex¬ 
amples  of  this  correlation  in  any  one  field. 

In  addition,  it  is  hoped  that  the  present  contribution  will 
serve  as  a  basis  for  further  thought  and  experimentation  on 
the  subject  of  susceptibility,  which  will  undoubtedly  result 
in  a  still  greater  appreciation  of  this  characteristic  of  as¬ 
phalts. 

Conclusions 

No  single  factor  has  thus  far  been  evolved  which  will  ade¬ 
quately  express  the  temperature  susceptibility  of  an  asphalt 
over  the  wide  range  of  temperatures  encountered  in  the  com¬ 
mercial  application  of  asphalts. 

Present  methods  are  not  entirely  suitable,  because  they  are 
too  limited  in  the  range  of  consistencies  over  which  they  can  be 
determined  or  require  the  use  of  apparatus  and  testing  meth¬ 
ods  not  commonly  used  or  recognized  as  standards. 

A  combination  of  factors  or  indexes  is  suggested  by  which  a 
definite  measure  of  the  temperature  susceptibility  character¬ 
istics  of  a  wide  range  of  asphalts  can  be  determined.  The 
softening  point-penetration  index  indicates  this  characteris¬ 
tic  over  a  narrow  range  of  normal  atmospheric  temperatures, 
the  ratio  of  penetration  at  25°  C.  to  penetration  at  0°  C.  at 
subnormal  and  the  fluidity  index  at  elevated  temperatures. 

These  methods  are  equally  applicable  to  straight  reduced 
and  oxidized  asphalts  and  are  easily  determined  by  means  of 
tests  which  are  in  common  use. 
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Control  of  High  Lights  in  Reading  Microbalance  Swings 

PAUL  H.  M.-P.  BR1NTON,  University  of  Southern  California,  Los  Angeles,  Calif. 


THE  magnifying  lens  used  in  the  balance  case  for  observing 
the  pointer  of  a  microbalance,  which  is  not  provided 
with  a  telescope,  is  necessarily  of  high  power  and  therefore 
gathers  light  from  a  large  area.  In  cases  where  special 
arrangement  for  the  illumination  of  the  balance  is  limited, 
owing  to  the  use  of  the  room  for  other  apparatus,  it  frequently 
happens  that  disturbing  highlights  from  distant  fight  sources 
are  reflected  by  the  lens  into  the  eye  of  the  observer. 

A  very  simple  device  has  proved  to  be  a  great  assistance  in 
overcoming  trouble  from  ill-arranged  fight  sources.  It  con¬ 
sists  of  a  10-  or  12-inch  square  of  dark  cardboard  (preferably, 


but  not  necessarily,  dull  black) ,  with  a  1-inch  circular  hole  in 
the  center.  By  holding  this  card  in  the  hand  between  the 
balance  case  and  the  observer  the  highlights  are  almost  totally 
eliminated,  the  necessity  of  closing  one  eye  is  removed,  and 
the  balance  is,  in  a  measure,  protected  from  the  hot  breath 
of  the  observer. 

The  device  serves  equally  well  in  correcting  faulty  fighting 
conditions  for  ordinary  analytical  or  assay  balances  which 
are  provided  with  a  magnifying  lens  in  the  balance  case. 

Received  December  13,  1935. 


Determination  of  Gaseous  Olefins  or  Hydrogen 

by  Catalytic  Hydrogenation 


WALLACE  A.  McMILLAN,  HOWARD  A.  COLE,  AND  A.  V.  RITCHIE,  The  Texas  Company,  Beacon,  N.  Y. 


Apparatus 


Existing  methods 

for  the  analysis  of 
olefinic  gases  may  properly 
be  divided  into  two  classes : 
those  using  sulfuric  acid, 
and  those  using  bromine, 
but  both  depending  on  the 
reagent  to  react  selectively 
with  the  olefins,  leaving 
untouched  any  paraffins  or 
eyclics  present.  For  accu¬ 
rate  work  this  is  an  ad¬ 
mitted  impossibility,  even 
when  the  gaseous  mixtures 
are  separated  by  low-tem¬ 
perature  fractional  distilla¬ 
tion  and  the  resulting 
fractions  are  analyzed 
separately.  Corrections 
must  still  be  applied, 
which  are  at  best  rather 
doubtful,  since  these  so- 
called  selective  reagents 
possess,  in  common  with  all 
absorption  media,  the  un¬ 
desirable  ability  to  take  up 
varying  amounts  of  sub¬ 
stances,  other  than  the 
one  they  are  being  applied 
to  absorb,  and  then  to  re¬ 
generate  a  portion  of  the 
dissolved  constituents  when 
used  with  another  gas  of 
different  composition,  when 


nearing  saturation,  or  with  changes  in  temperature.  In  addi¬ 
tion,  reagents  for  the  determination  of  olefins  are  corrosive 
and  volatile,  necessitating  unusual  precautions  and  auxiliary 
reagents. 

Proposed  Method 


A  new  method  for  the  quantitative  determination  of  gaseous 
olefins  by  catalytic  hydrogenation,  which  has  been  developed 
in  this  laboratory  and  used  for  the  past  three  years,  gives 
consistent  reproducible  results  accurate  to  a  few  tenths  of  a 
per  cent  in  a  time  comparable  with  that  of  any  liquid  reagent 
method. 

It  requires  only  that  a  measured  volume  of  hydrogen  be 
mixed  with  a  known  quantity  of  olefin-containing  gas  and 
the  mixture  passed  over  a  suitable  catalyst  at  room  tem¬ 
perature  and  substantially  atmospheric  pressure.  The  result¬ 
ing  contraction  in  volume  is  a  direct  measure  of  the  amount 
of  olefin  present  according  to  the  reaction : 


C„H2n  +  Ho  — ^  CnH2n+2 


Thus,  one  volume  of  olefin  reacts  with  one  volume  of  hydrogen 
to  form  one  volume  of  paraffin,  and  the  change  in  volume  on 
hydrogenation  is  from  two  volumes  to  one.  In  the  case  of 
acetylene  or  diolefins,  the  contraction  is  twice  the  volume 
present  according  to  the  reaction: 

C„H2„_2  +  2H2  — C„H2n+2 


Suitable  corrections  must  be  applied  if  present  with  olefins. 
The  only  two  compounds  likely  to  be  found  are  acetylene 
and  butadienes,  and  these  can  be  determined  separately  by 
saturated  potassium  mercuric  iodide  (8)  and  maleic  anhydride 
(11),  respectively. 

Typical  results  on  synthetic  samples  of  propylene  in  propane 
are  shown  in  Table  I. 


Table  I.  Analysis  of  Propane-Propylene  Mixtures 


Run  No. 

Propylene 

Difference 
from  True  Per 

Sample  1  as  synthesized 

% 

10.5 

1 

10.4 

-0. 1 

2 

10.4 

-0.1 

3 

10.4 

-0.1 

4 

10.7 

+0.2 

5 

10.5 

6 

10.6 

+0  + 

Sample  2  as  synthesized 

50.5 

. . . 

1 

50.6 

+0.1 

2 

50.4 

-0.1 

3 

50.5 

4 

50.5 

5 

50.5 

6 

50.3 

-6^2 

7 

50.5 

During  the  development  of  the  method,  similar  consistent 
quantitative  check  runs  were  made  using  ethylene,  propylene, 
individual  and  mixed  butylenes,  hydrogen,  and  acetylene. 
With  only  a  few  exceptions  out  of  the  hundreds  of  runs  made, 
the  results  were  not  more  in  error  than  the  possible  accuracy 
of  measurement  of  0.05  ml.  of  gas. 

Apparatus 

The  apparatus  used,  as  shown  schematically  in  Figure  1, 
consists  of  two  complete  Bureau  of  Standards  (8)  water- 
jacketed  buret  and  compensator  assemblies  with  a  catalyst 
tube  mounted  between  them.  A  heater  is  provided  for 
catalyst  preparation  and  regeneration. 

The  catalyst  is  prepared  by  melting  about  4.0  grains  of  c.  p. 
nickel  nitrate  hexahydrate  in  its  own  water  of  crystallization  in  a 
50-cc.  porcelain  evaporating  dish.  Shredded  long-fiber  as¬ 
bestos,  which  has  previously  been  digested  with  hot  nitric  acid, 
washed,  dried,  and  ignited,  is  then  added  until  all  the  solution 
is  absorbed.  Any  excess  solution  is  pressed  out  with  a  porcelain 
spatula  and  drained  from  the  evaporating  dish.  The  nickel- 
saturated  asbestos  is  then  lightly  calcined  with  a  soft  Bunsen 
flame  until  part  of  it  appears  black  and  the  remainder  greenish 
yellow.  After  cooling,  the  mass  is  broken  up  into  small  pieces 
and  added  to  a  U-shaped  catalyst  tube  of  8.0-mm.  Pyrex  glass  to  a 
depth  of  about  6.5  cm.  on  each  side.  Both  ends  are  plugged 
loosely  with  ignited  asbestos  or  glass  wool  and  the  glass  tube  is  in¬ 
dented  below  the  plugs  to  keep  them  in  place. 

The  tube  is  then  heated  to  not  over  310°  C.  while  slowly  draw¬ 
ing  laboratory  air  through  it  with  the  vacuum  line.  This  is 
continued  until  no  further  brown  fumes  are  evolved  and  the 
whole  mass  becomes  entirely  black. 

The  catalyst  tube  is  cooled,  connected  to  the  apparatus,  and 
flushed  with  hydrogen.  It  is  then  heated  in  a  current  of  hydro¬ 
gen  to  not  over  325°  C.  for  several  hours  and  finally  allowed  to 
cool  with  the  hydrogen  still  passing  over  it.  The  catalyst  should 
be  protected  against  air  at  all  times  to  avoid  poisoning. 

When  poisoned  it  should  be  flushed  with  hydrogen  and  re¬ 
heated  in  that  atmosphere  to  325°  C.  When  cooled  the  activity 
will  be  restored. 


Procedure 

It  is  assumed  that  the  catalyst  tube,  J,  has  been  activated  as 
described  above  and  that  the  manifold  from  Bi  to  B*  is  filled 
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with  hydrogen  to  protect  it.  Accordingly,  with  the  mercury 
in  the  leveling  bulbs  and  burets  at  the  same  level,  the  gases  in 
manometers  F \  and  F2  are  drawn  into  their  respective  burets,  the 
contents  of  which  are  then  discarded  to  the  atmosphere. 

Connection  is  then  made  from  A2  (left-hand  buret)  to  a  cylinder 
of  pure  hydrogen  through  a  suitable  reducing  valve.  After 
thorough  purging  through  A2,  the  cock,  is  opened  to  the  buret  and 
70.0  or  80.0  ml.  of  hydrogen  are  drawn  into  D2.  Cock  A2  is 
again  closed,  Ci  is  opened  to  J,  Fi,  and  Bi,  and  li2  is  carefully 
opened,  allowing  the  hydrogen  to  level  manometer  F\  by  filling 
it  until  the  mercury  almost  touches  the  electrical  contact,  then 
reversing  (72  to  slow  down  the  rate  until  contact  is  shown  by  the 
right  fight  flashing;  at  which  point  G2  is  quickly  closed  and  then 
Ci  is  closed  to  Fi  but  opened  to  J  and  Bx.  Manometer  F2  is 
ordinarily  left  filled  with  mercury.  After  C\  is  closed  to  Fi, 
the  remaining  hydrogen  is  flushed  out  the  tail  of  cock  Bx.  B2  is 
then  reversed  and  mercury  brought  to  A2  as  before. 

The  apparatus  is  now  ready  for  an  analysis.  Pure  hydrogen  is 
again  added  through  A2  until  about  50.0  ml.  are  taken,  although 
the  amount  of  hydrogen  required  depends  on  the  sample.  Pref¬ 
erably  about  twice  as  much  hydrogen  is  taken  as  is  required; 
acetylene  and  diolefins,  of  course,  require  twice  as  much  hydrogen 
as  olefins.  A2  is  then  closed  and  B2  opened  to  the  manifold. 
With  the  levels  in  H2  and  A  approximately  equal,  C\  is  opened 
toward  B2,  Fi,  and  ./,  and  the  mercury  in  Fx  brought  to  the  con¬ 
tact  point  by  adjusting  H2.  The  balance  is  always  obtained  by 
allowing  the  mercury  to  flow  upward  toward  the  platinum 
point — never  the  reverse.  At  that  point,  G2  is  quickly  closed  and 
the  reading  taken  for  “hydrogen  added.” 

Approximately  50.0  ml.  of  sample  are  taken  into  A  in  a  similar 
manner,  except  that  Ci  is  opened  toward  A  before  A  is  reversed. 
After  Fi  is  set,  Gx  is  quickly  closed  and  the  amount  of  "sample” 
noted. 

With  Ci  opened,  the  mercury  in  A  is  pulled  up  until  it  just 
touches  the  cock,  which  is  then  closed  to  the  manometer.  This 
step  is  important  and  should  not  be  neglected.  With  Gi  and 
G2  opened  full,  the  hydrogen  in  D2  is  passed  into  A  and  the  gases 
are  thoroughly  mixed  by  alternately  raising  and  lowering  H2 
and  Hi  from  three  to  five  times. 

Both  cocks  are  then  partially  closed  so  that  the  speed  is  re¬ 
duced  to  about  2.0  minutes  per  pass  each  way.  After  five  com¬ 
plete  passes,  the  mercury  in  buret  A  is  raised  to  cock  A  which  is 
then  closed.  H2  and  D2  are  approximately  balanced,  and  Ci  is 
carefully  opened  under  a  little  pressure  to  the  manifold  and  A- 
The  mercury  level  is  set  to  the  point  in  A,  the  level  is  read  in  D2, 
and  the  contraction  noted. 

Successively,  two  additional  complete  passes  over  the  catalyst 
are  made  and  the  contraction  is  again  noted  until  the  volumes 
remain  constant. 

In  the  case  of  olefins  or  hydrogen,  the  loss  in  volume  is  a 
direct  measure  of  the  amount  present.  In  the  case  of  acety¬ 
lene  or  diolefins,  the  shrinkage  is  twice  the  amount  present. 

After  each  analysis,  tube  J  should  be  flushed  with  hydrogen 
and  the  manifold  isolated  to  protect  the  catalyst  against 
poisoning  by  air. 

For  the  determination  of  hydrogen  in  fixed  gas  cuts  or 
“total  unsaturation”  in  gases  containing  relatively  large 
amounts  of  carbon  monoxide,  it  is  necessary  to  heat  the  cata¬ 
lyst  to  180°  C.  and  pass  the  hydrogenation  mixture  over  it 
at  that  temperature.  Operation  in  such  cases  is  exactly  as 
at  room  temperature  except  for  heating  the  catalyst  and  allow¬ 
ing  time  for  cooling  before  the  contraction  is  noted.  At  the 
end  of  such  determinations,  it  is  necessary  to  purge  the 
catalyst  with  hydrogen  and  heat  it  to  310°  C.  before  using 
again  at  room  temperature.  Such  regenerations  take  about 
10  minutes  and  do  not  impair  the  activity  of  the  catalyst. 
If  used  only  at  180°  C.,  activation  between  runs  is  not  neces¬ 
sary.  The  presence  of  hydrogen  or  olefins  in  the  original  gas 
does  not  affect  the  determination  but  does  reduce  the  amount 
of  auxiliary  gas  necessary  to  be  added. 

Oxygen,  if  present,  must  be  removed  or  determined  since 
it  is  also  hydrogenated  and  hence  must  be  considered  in  the 
subsequent  calculations. 

Comparison  of  Methods 

During  preliminary  work  on  the  problem,  a  complete  test 
was  made  of  the  usual  reagents  for  the  determination  of  both 
total  and  individual  olefins.  Sulfuric  acid  in  varying  strengths 


and  containing  various  recommended  catalysts  (4,  5,  10) 
bromine  and  bromine  water,  silver  nitrate,  dichromates,  per¬ 
manganate,  chromic  acid,  cuprous  sulfate,  |3-naphthol,  and 
several  other  reagents  were  tested  but  the  results  were  not 
satisfactory.  Absorption  was  either  incomplete  or  the  reagent 
also  attacked  the  paraffins.  In  some  cases,  corrections,  when 
applied,  yielded  good  results  for  individual  olefins  but  poor 
results  for  mixtures.  The  conclusion  of  the  tests  was  that 
none  of  the  present  liquid  reagents  was  satisfactory  for 
reliable  quantitative  work  but  that  saturated  bromine  water 
in  2  to  1  dilution,  and  30  per  cent  fuming  sulfuric  acid  were 
probably  the  two  best,  particularly  for  the  determination  of 
total  unsaturation.  Accordingly,  at  the  end  of  the  develop¬ 
ment  of  the  hydrogenation  method,  a  comparative  test  was 
made  between  it  and  the  two  best  reagents. 

Experimental 

Paraffins.  The  paraffins,  ethane,  propane,  and  butanes 
were  commercial  gases  which  had  been  thoroughly  purified  by 
successive  chemical  scrubbings  through  30  per  cent  fuming,  98 
per  cent,  and  79  per  cent  sulfuric  acid  and  54  per  cent  potassium 
hydroxide,  then  passed  through  soda  lime  and  dried  by  an- 
hydrone.  They  were  fractionated  and  refractionated  through  a 
special  precision  low-temperature  distillation  column  (7)  dis¬ 
carding  both  end  fractions  until  the  whole  of  the  material  had  a 
constant  boiling  point  and  the  end  fractions  on  distillation  showed 
the  same  vapor  pressure  when  tested  in  a  Shepherd  differential 
manometer. 

Ethylene.  Ohio  Chemical  “anesthetic”  ethylene  was 
scrubbed  through  90  per  cent  sulfuric  acid,  then  fractionated 
and  treated  the  same  as  the  paraffins. 

Propylene.  After  several  fractionations  failed  to  separate 
a  small  amount  of  propane  impurity  from  commercial  propylene, 
the  redistilled  mixture  was  brominated  at  —50°  C.  and  the  propyl¬ 
ene  regenerated'from  the  dibromide  by  zinc  dust  in  ethyl  alcohol 
after  fractionation  of  the  dibromides.  It  was  then  fractionated 
the  same  as  ethylene. 

Butylene,  a- Butylene  was  prepared  by  the  method  of  Lucas 
and  Dillon  ( 6 ),  then  refractionated  to  constant  boiling  point  and 
vapor  pressure. 

Acetylene.  Commercial  acetylene  was  scrubbed  through 
water,  cuprous  chloride  solution,  dilute  acid  and  caustic,  dried, 
and  refractionated  several  times  at  1.5  atmospheres’  pressure. 

Synthetic  Mixtures 

For  the  comparative  test,  nine  synthetic  mixtures  of  ac¬ 
curately  known  composition  were  made  in  a  calibrated  and 
carefully  evacuated  all-glass  system  by  blending  by  condensa¬ 
tion,  ethylene  with  ethane,  propylene  with  propane,  a- 
butylene  with  isobutane,  and  acetylene  with  ethane.  These 
samples  were  representative  of  the  corresponding  cuts  made 
in  low-temperature  fractional  distillation.  Each  mixture  was 
then  analyzed  successively  by  each  of  the  three  methods. 


Table  II.  Comparative  Tests 


Proposed 

Sulfuric 

Sample 

True 

Hydrogenation 

Acid 

Bromine 

No. 

Per  Cent 

Method 

Method 

Method 

% 

% 

% 

IE 

5.4 

5.2 

9.0 

7.3 

IP 

6.5 

6.5 

7.8 

7.3 

IB 

6.6 

6.4 

9.3 

7.1 

2E 

46.9 

47.1 

54.5 

47.5 

2P 

48.6 

48.9 

48.6 

48.8 

2B 

49.8 

49.9 

47.9 

50.9 

3E 

69.3 

69.6 

68.0 

66.8 

3P 

73.2 

73.2 

73.8 

74.0 

1A 

40.8 

40.6 

41.0 

40.0 

Both  the  sulfuric  acid  and  bromine  runs  were  made  in  six 
pass  cycles  followed  by  three  passes  into  caustic  for  both, 
and  one  pass  into  alkaline  pyrogallol  for  the  bromine  runs. 
A  U.  S.  Steel  Corporation  ( 1 )  apparatus  with  Francis  auto¬ 
bubblers  was  used  for  all  reagents. 

Results  on  the  reagent  methods  were  calculated,  except 
for  IB  and  2B  by  the  sulfuric  acid  method  (Table  II),  by 
subtracting  the  product  of  the  number  of  cycles  times  the 
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constant  contraction  from  the  total  absorption,  multiplying 
by  100,  and  dividing  by  the  sample  volume.  Both  the  butylene 
mixtures  (IB  and  2B)  showed  no  constant  contraction  in 
acid  but  continued  to  react  until  the  samples  could  no  longer 
be  measured.  Corrections  for  these  samples  were  calculated 
by  the  method  of  Sullivan  (9).  The  corrected  results  are 
shown  in  Table  II.  Catalytic  hydrogenations  were  made  as 
described,  no  corrections  being  necessary. 

It  is  apparent  that  the  hydrogenation  method  gives  con¬ 
sistently  the  best  results  even  when  corrections  are  applied 
for  the  secondary  reaction  and  solubility  effects  of  the  liquid 
reagents.  The  magnitude  of  the  corrections  and  the  number 
of  passes  to  constant  contraction  are  shown  in  Table  III. 
The  acid  values  for  IB  and  2B  are  based  on  12  passes  only, 
and  not  on  constant  contractions. 

Table  III.  Corrections  Based  on  Constant  Contractions 
- - Acid - .  . - Bromine - - — ■. 


Sample  No. 

Passes 

Correction 

Ml. 

Passes 

Correction 

Ml. 

IE 

30 

-  8.0 

36 

-2.4 

IP 

36 

-15.0 

24 

-3.4 

IB 

12 

-15.5 

36 

-0.9 

2E 

36 

-  4.8 

36 

-1.2 

2P 

24 

-  6.4 

30 

-2.5 

2B 

12 

-13.7 

30 

-2.0 

3E 

24 

-  3.2 

36 

-2.4 

3P 

36 

-  4.8 

30 

-1.0 

1A 

18 

-  2.1 

48 

-4.0 

Even  a  casual  comparison  of  Table  III  shows  that  the  cor¬ 
rections  for  low  olefin  concentrations  may  exceed  the  amount 
of  unsaturate  present  and  that  without  applying  some  such 
correction  both  reagents  are  worthless  for  exact  work. 

In  the  light  of  work  by  some  other  investigators,  the  use 
of  such  strong  acid  was  admittedly  a  doubtful  procedure, 
but  the  results  with  it  were  no  worse  than  those  which  would 
have  been  obtained  for  ethylene  if  some  other  weaker  acid 
had  been  substituted.  The  choice  of  30  per  cent  fuming  acid 
was  made  after  careful  tests  on  mixed  olefinic  gases  where  it 
gave  better  results,  after  corrections  were  applied  as  outlined, 
than  any  of  the  weaker  acids  and  in  less  time.  For  the  indi¬ 
vidual  cuts,  weaker  acids  reacted  less  with  the  paraffins  but 
the  results  were  little,  if  any,  more  satisfactory.  The  “selec¬ 
tive”  absorption  of  individual  olefins  from  a  mixture  by  in¬ 
creasing  acid  concentrations  was  totally  unsatisfactory,  as 
has  been  found  by  other  investigators  (2). 


Table  IY.  Determination  in  Synthetic  Mixtures 


Carbon  dioxide,  % 

. — — Mixture  I - - 

Synthesized  Found 
3.2 

• - Mixture  II - . 

Synthesized  Found 

5.0 

Oxygen,  % 

0.4 

None 

Carbon  monoxide,  % 

6.3 

26.0 

Hydrogen,  % 

41.7  41.8 

12.4  12.4 

Ethane,  % 

48.4 

56.6 

Hydrogen  sulfide,  grains  per 

100  cu.  ft.  13.0 

10.0 

In  spite  of  the  increase  in  accuracy  by  the  hydrogenation 
method,  it  requires  only  about  the  same  time  as  the  reagent 
methods.  Five  4-minute  cycles  over  the  catalyst  are  almost 
always  sufficient  for  completely  hydrogenating  50.0  ml.  of 
olefins,  which  is  the  largest  sample  usually  taken,  and  only 
three  volume  readings  are  necessary  in  the  whole  analysis. 


The  absorption  methods,  though  requiring  less  time  per  pass, 
take  more  time  because  of  the  larger  number  of  passes  neces¬ 
sary  to  constant  contraction  and  the  large  number  of  volume 
readings.  For  control  work,  rapid  determinations  can  be 
made  in  12  minutes  on  as  little  as  10  cc.  of  gas  with  an  accuracy 
comparable  with  usual  reagent  methods. 

The  method  is  equally  applicable  to  the  determination  of 
hydrogen  in  refinery  and  manufactured  gas.  In  such  cases 
the  catalyst  should  be  used  at  180°  to  195°  C.,  at  which  tem¬ 
perature  it  is  active  in  the  presence  of  any  amounts  of  carbon 
monoxide,  and  any  pure  olefin  is  added  instead  of  hydrogen. 
This  is  shown  in  Table  IV  for  two  synthetic  mixtures  of  gas 
similar  to  manufactured  gases  encountered  in  practice. 

ft 

Application 

The  method  is  now  being  used  in  this  and  other  laboratories 
for  the  determination  of  total  unsaturation  and  of  hydrogen, 
and  in  conjunction  with  low-temperature  fractionation  to 
give  a  complete  analysis  of  refinery  and  cracked  gases.  In 
spite  of  rough  usage  and  exposure  to  gases  containing  sulfur 
compounds  up  to  approximately  60  grains  per  100  cubic  feet, 
calculated  as  hydrogen  sulfide,  no  catalyst  failures  have  oc¬ 
curred  in  over  3  years.  Typical  check  results  on  two  routine 
plant  gases  separated  by  fractional  distillation  and  then  hydro¬ 
genated  are  shown  in  Table  V. 


Table  V.  Check  Results  on  Plant  Gases 


Reformed  Gas 

Absorpti 

on  Gas 

% 

% 

% 

% 

Oxygen 

0.1 

0.1 

None 

None 

Carbon  dioxide 

None 

None 

None 

None 

Carbon  monoxide 

None 

None 

None 

None 

Hydrogen 

11.5 

11.3 

6.3 

6.3 

Methane 

20.5 

20.7 

45.5 

45.5 

Ethylene 

16.9 

16.8 

3.1 

3.0 

Ethane 

8.6 

8.8 

24.5 

24.6 

Acetylene 

1.2 

1.1 

None 

None 

Propylene 

20.9 

20.9 

5.0 

5.0 

Propane 

16.8 

16.8 

12.6 

12.6 

Isobutane 

0.2 

0.2 

0.6 

0.5 

Iso  +  1-butene 

1.8 

1.7 

0.4 

0.6 

Af-Butane 

0.5 

0.5 

0.8 

0.7 

2-Butenes 

1.0 

1.1 

0.3 

0.3 

Butadiene 

None 

None 

Trace 

Trace 

Pentanes  and  heavier 

None 

None 

0.9 

0.9 

Total  unsaturation  (on  original 

sample) 

42.8 

42.8 

9.1 

9.0 
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Fluidity  and  Hygroscopic  Properties  of  Shellac 

R.  V.  TOVNEND  and  W.  R.  CLAVTON,  William  Zinsser  &  Co.,  Inc.,  New  York,  N.  Y. 


WHENEVER  shellac  is  to  be  used  as  a  thermoplastic 
material,  its  degree  of  fluidity  when  heated  is  an 
important  consideration,  and  may  also  furnish  information 
about  the  age  or  past  history  of  the  resin.  When  shellac 
is  heated,  it  gradually  loses  water  with  a  corresponding  loss 
of  its  plastic  properties.  This  same  change  takes  place, 
though  much  more  slowly,  at  ordinary  temperatures.  It  has 
been  shown  that  the  thermoplasticity  can  be  restored  by 
heating  polymerized  shellac  with  water  under  pressure  (5); 
however,  in  this  case  certainly  some  secondary  reactions 
take  place  as  well  as  a  hydration,  since  the  iodine  number  is 
increased. 

To  measure  the  fluidity  under  heat,  three  methods  have 
been  used,  two  of  which  are  today  in  regular  commercial 
use.  In  the  so-called  Victor  test  (8)  the  sample  is  not  sub¬ 
jected  to  any  previous  conditioning,  but  is  tested  in  its 
normal  state,  being  merely  ground  to  20-mesh.  For  the 
Westinghouse  or  Metropolitan-Vickers  test  (4),  the  sample  is 
placed  in  a  desiccator  over  calcium  chloride  for  48  hours 
before  testing.  Recently  Committee  D-9  of  the  American 
Society  for  Testing  Materials  has  been  working  on  a  modi¬ 
fication  of  the  V-tube  method  (1),  which  recommends  that 
the  sample  be  conditioned  by  heating  for  16  hours  in  a  well- 
ventilated  oven  at  41°  =±=  2°  C.  The  results  obtained  by 
different  laboratories  with  the  three  methods  have  not 
checked  each  other  particularly  well. 

Some  time  ago  it  was  of  interest  to  the  authors  to  measure 
the  hygroscopic  property  of  shellac  and  note  the  effect  on 
flow.  Experiments  were  carried  out  on  several  shellacs, 
and  the  following  series,  obtained  in  using  an  ordinary  super¬ 
fine  grade,  is  typical: 

After  grinding  to  30-mesh,  about  5-gram  samples  were  spread 
out  in  thin  layers  in  desiccators  of  constant  humidity,  held  at 
room  temperature  (about  27°  C.,  80°  F.).  The  humidity  regu¬ 
lators  were  concentrated  sulfuric  acid  (0.0  per  cent  humidity), 
45.8°  B6.  sulfuric  acid  (25.0  per  cent  humidity),  36.5°  Be. 
sulfuric  acid  (50.0  per  cent  humidity),  saturated  ammonium 
chloride  solution  (79.3  per  cent  humidity),  and  water  (100 
per  cent  humidity). 

The  samples  were  weighed  daily  until  they  came  to  constant 
weight,  which  occurred  in  about  5  days.  Weighings  were  con¬ 
tinued  for  several  days  more  in  order  to  get  check  readings,  after 
which  the  samples  were  transferred  to  an  ordinary  concentrated 
sulfuric  acid  desiccator  and  dried  to  constant  weight.  Finally 
the  weights  of  the  containers  were  taken. 

It  took  considerable  time  for  a  sample  to  come  to  equilib¬ 
rium  in  the  moist  atmosphere.  However,  particularly  in 
the  case  of  the  two  high  humidities,  changes  took  place  with 
sufficient  rapidity,  whenever  the  sample  was  removed  to 
balance,  to  make  accurate  weighing  difficult.  The  results 
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Figure  1 


obtained  have  been  plotted  in  Figure  1.  It  is  of  interest 
that  when  the  sample  which  had  been  dried  over  concentrated 
sulfuric  acid  was  removed  to  an  ordinary  drying  oven  for  24 
hours  and  held  at  41°  C.,  it  picked  up  0.37  per  cent  moisture. 

The  equilibrium  moisture  in  the  experiments  described 
above  is  believed  to  represent  merely  adsorbed  water  at¬ 
tracted  by  the  free  hydroxyl  groups  of  the  shellac.  Gardner 
( 2 )  has  shown  that  shellac  varnish  films  are  permeable  to 
water  vapor,  and  also  absorbent  to  moisture.  These  films 
were  formed  by  the  evaporation  of  a  solvent,  and  might  con¬ 
ceivably  be  in  a  different  physical  condition  from  lac  in  its 
native  state — that  is,  the  secretion  of  the  lac  insect — or  in 
the  manufactured  condition,  as  shellac.  In  this  latter  case, 
also,  the  progressive  adsorption  of  moisture  with  increasing 
humidity  found  in  the  authors’  experiments  is  in  accordance 
with  the  assumption  of  a  relatively  porous  structure. 

Samples  duplicating  those  described  above  were  prepared 
and  tested  for  Victor  flow,  after  coming  to  equilibrium  at  the 
humidities  mentioned.  In  this  test  the  measure  of  fluidity 
is  the  distance  in  millimeters  which  the  molten  shellac  flows 
down  an  incline  of  15°  to  the  horizontal  in  exactly  12  minutes 
at  a  temperature  of  100°  C.  The  flow  of  the  original  sample 
was  48  mm.  The  results  obtained  are  given  in  Table  I, 
which  shows  the  very  great  effect  of  a  small  amount  of  ad¬ 
sorbed  water  on  the  fluidity,  as  measured  by  the  Victor 
method.  Attempts  to  bring  back  the  fluidity  of  a  “dead” 
lac — that  is,  one  which  possessed  zero  flow  under  ordinary 
conditions — by  exposing  it  to  the  action  of  a  high  humid 
atmosphere  were  unsuccessful. 


Table  I.  Victor  Flow  Test 


Humidity 

Absorbed  Moisture 

Flow 

% 

% 

Mm. 

0.0 

0.00 

19 

25.0 

0.89 

28.5 

50.0 

1.46 

46 

79.3 

2.48 

65 

100.0 

4.79 

103 

Summary 

These  experiments  show  the  marked  hygroscopic  nature  of 
shellac  and  the  need  for  specifying  exactly  the  conditions  of 
preparation  of  the  sample  in  any  method  for  determining 
the  fluidity.  It  is  recommended  that  the  sample  be  condi¬ 
tioned  previous  to  testing  by  exposure  to  50  per  cent  relative 
humidity  at  room  temperature,  for  three  reasons:  (1)  In 
manufacturing  operations  shellac  is  used  under  ordinary 
atmospheric  conditions  which  would  average  near  this  figure; 

(2)  at  this  humidity  equilibrium  appears  to  be  much  more 
quickly  established  than  at  the  higher  or  lower  points;  and 

(3)  in  weighing  the  sample  less  trouble  is  experienced  than  in 
the  case  of  shellac  conditioned  at  either  high  or  low  humidity. 
If  the  sample  is  prepared  as  described,  at  least  2  days  should 
be  allowed  for  the  moisture  content  to  come  to  equilibrium 
before  testing  for  flow. 
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Determination  of  Selenium  in  18-8  Stainless  Steels 

GEORGE  G.  MARVIN  with  WALTER  C.  SCHUMR 
Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


THE  method  used  by  the  Carpenter  Steel  Company  for 
the  determination  of  selenium  in  18-8  type  steels  has 
been  the  only  available  method.  It  depends  upon  solution  of 
the  steel  in  aqua  regia,  addition  of  perchloric  acid,  and  evapora¬ 
tion  to  fumes  to  dehydrate  silica.  Solution  of  the  perchlorates 
and  chromic  acid  in  water  is  followed  by  filtration  to  remove 
silica.  Hydrochloric  acid  is  added  to  bring  the  concentration 
to  about  30  per  cent,  followed  by  addition  of  concentrated 
hydrochloric  acid  saturated  with  sulfur  dioxide  gas.  After 
being  allowed  to  settle  for  3  hours  at  an  elevated  temperature, 
the  precipitated  selenium  is  filtered  upon  a  tared  Gooch 
crucible,  washed,  dried,  and  weighed.  The  crucible  is  then 
heated  to  redness,  the  selenium  volatilized,  the  crucible  re¬ 
weighed,  and  the  loss  in  weight  represents  the  selenium 
present. 

The  manufacturer’s  analysis  of  the  sample  of  steel  used 
throughout  this  work  was  as  follows: 

C  Mn  P  S  Si  Cr  Ni  Se 

0.11  0.83  0.137  0.009  0.50  18.29  8.99  0.218 

The  percentage  of  selenium  was  independently  checked  by  an 
analysis  carried  out  according  to  the  directions  furnished  by 
the  Carpenter  Steel  Company.  The  value  is  too  high,  in  the 
fight  of  further  work,  apparently  because  of  certain  positive 
errors  which  seem  to  be  inherent  in  this  method.  Communica¬ 
tion  with  industrial  laboratories  also  showed  that  considerable 
difficulty  was  being  experienced  in  getting  satisfactory  results 
in  selenium  determination. 

The  method  developed  in  this  laboratory  depends  upon 
solution  of  the  steel  in  perchloric  acid,  catching  the  small 
amount  of  selenium  which  is  evolved  as  hydrogen  selenide, 
filtration  of  the  solution  to  obtain  the  precipitate  of  selenium 
plus  silica,  and  solution  of  the  selenium  in  nitric  acid,  followed 
by  the  volumetric  determination  of  selenium  iodometricallv, 
according  to  the  equations: 

H2Se03  +  4KI  +  4HN03  =  Se  +  2I2  +  4KN03  +  3H20 
I3  ~b  2Na2S203  —  Na^Oe  -t-  2  N a  I 

The  apparatus  used  consists  of  a  250-cc.  Erlenmeyer  flask 
with  a  one-hole  rubber  stopper  carrying  a  7.5-cm.  (3-inch) 
drying  tube,  with  the  stem  elongated  and  bent  so  that  the 
tube  is  in  a  horizontal  position. 

The  selenious  acid  used  was  prepared  from  pure  sublimed 
Se02  and  the  concentration  determined  gravimetrically  by 
precipitation  of  selenium  with  strong  hydrochloric  acid  and 
sulfur  dioxide.  The  thiosulfate  used  was  approximately  0.01 
N .  The  selenium  titer  of  the  thiosulfate  solution  was  obtained 
by  direct  titration  of  this  standard  solution  of  selenious  acid. 
Bureau  of  Standards  sample  No.  101,  used  for  checking  certain 
results,  has  the  following  analysis : 

c  Mn  P  s  Si  Cu  Ni  Cr 

0.061  0.554  0.011  0.013  0.763  0.056  8.44  17.56 

Analytical  reagent  perchloric  acid  containing  approximately 
60  per  cent  of  perchloric  acid  was  used. 

Procedure 

Weigh  a  5.00-gram  sample  of  steel  into  a  250-cc.  Erlenmeyer 
flask.  Add  a  mixture  of  50  cc.  of  60  per  cent  perchloric  acid 
and  30  cc.  of  water.  (Somewhat  less  perchloric  acid  might 
be  used  to  effect  solution.)  Insert  the  one-hole  rubber  stopper 
and  drying  tube.  In  the  large  end  of  the  drying  tube,  place  a 
pad  of  glass  wool  about  2.5  cm.  (1  inch)  long,  lightly  packed,  and 
upon  it  pour  4  or  5  drops  of  concentrated  nitric  acid.  Heat  the 


flask  and  contents  to  80°  to  85°  C.,  remove  from  heat,  and  allow 
solution  to  proceed.  At  the  end  of  about  2  minutes,  remove  the  dry¬ 
ing  tube  with  the  glass  wool  from  the  flask;  solution  of  the  steel 
will  proceed  without  loss  of  any  selenium  as  hydrogen  selenide. 
Remove  the  glass  wool,  containing  about  1  mg.  of  precipitated 
selenium,  from  the  tube,  place  in  a  beaker,  and  wash  out  the  tube 
with  concentrated  nitric  acid  into  the  beaker.  To  this  nitric 
acid  solution  add  the  precipitate  obtained  by  filtration  of  the 
main  solution.  Filter  the  main  solution  through  a  pad  of  as¬ 
bestos  with  the  aid  of  suction,  and  wash  with  warm  water. 
Digest  the  pad  of  asbestos  plus  the  dark-colored  precipitate  and 
the  glass  wool  with  about  40  cc.  of  concentrated  nitric  acid  and 
evaporate  the  solution  to  a  volume  of  about  10  to  15  cc.  Make 
the  solution  slightly  alkaline  with  ammonium  hydroxide  to 
precipitate  small  amounts  of  iron,  filter,  and  wash  the  residue 
with  hot  water.  The  amount  of  iron  is  so  small  that  the  selenium 
carried  down  may  be  neglected.  Make  the  clear  filtrate  just 
acid  with  nitric  acid  and  add  an  excess  of  10  cc.  of  concentrated 
nitric  acid.  Heat  the  solution  to  about  60°,  add  3  grams  of  urea 
to  eliminate  small  amounts  of  nitrous  acid,  and  cool  the  solution 
to  room  temperature,  to  allow  an  iodometric  titration.  Bring 
the  volume  of  the  solution  to  400  cc.,  add  3  grams  of  potassium 
iodide,  allow  to  stand  1  or  2  minutes,  and  titrate  the  liberated 
iodine  with  thiosulfate,  using  starch  as  an  indicator.  The  end 
point  should  last  several  minutes. 

Experimental  Data 

Because  it  was  impossible  to  obtain  a  standard  sample  of 
steel  containing  selenium,  it  became  necessary  to  examine 
carefully  the  gas  evolved,  the  precipitates  formed,  and  the 
main  solution,  in  order  to  determine  the  percentage  of  selenium 
present.  When  hydrogen  selenide  is  passed  over  glass  wool 
containing  a  few  drops  of  nitric  acid,  it  is  oxidized  to  red 
selenium,  which  is  readily  visible.  This  test  is  sufficiently 
sensitive  to  detect  the  hydrogen  selenide  evolved  when  0.1 
gram  of  selenium  steel  (0.19  per  cent  of  selenium)  is  mixed 
with  5.0  grams  of  Bureau  of  Standards  steel  No.  101;  thus 
the  method  will  detect  0.2  mg.  of  selenium. 

Using  this  test,  it  is  evident  that  hydrogen  selenide  is 
evolved  when  a  selenium  steel  is  treated  with  dilute  perchloric 
acid,  but  this  evolution  lasts  for  only  a  few  minutes  while  the 
steel  starts  to  go  into  solution.  Once  the  steel  is  reacting 
vigorously  the  hydrogen  selenide  ceases  to  be  evolved.  With 
concentrated  perchloric  acid  (approximately  60  per  cent)  no 
hydrogen  selenide  is  evolved.  The  reason  for  this  experi¬ 
mental  fact  has  not  yet  been  established. 

In  order  to  test  whether  the  glass  wool  moistened  with 
nitric  acid  caught  all  the  hydrogen  selenide,  the  following 
method  was  used : 

Two  bubble  tubes,  each  containing  25  cc.  of  concentrated 
nitric  acid,  were  connected  to  an  Erlenmeyer  flask  containing 
the  selenium  steel  and  dilute  perchloric  acid.  The  evolved  gas 
was  bubbled  successively  through  the  tubes  until  the  steel  was 
completely  dissolved.  An  examination  of  the  two  nitric  acid  solu¬ 
tions  showed  that  the  first  tube  caught  all  the  selenium ;  none  was 
found  in  the  second  tube.  Therefore,  the  tube  of  glass  wool  plus 
nitric  acid  was  inserted  in  the  neck  of  the  flask  and  connected  to  a 
bubble  tube  of  nitric  acid.  After  solution  of  a  5.0-gram  sample  of 
selenium  steel  with  this  arrangement,  no  selenium  was  found 
in  the  nitric  acid  of  the  bubble  tube,  proving  that  the  glass  wool 
plus  nitric  acid  caught  the  hydrogen  selenide  which  was  evolved. 

The  tube  containing  the  glass  wool,  nitric  acid,  and  red  selenium 
was  added  to  the  remaining  selenium  in  the  precipitate.  Approxi¬ 
mately  1  mg.  of  selenium  was  evolved  as  hydrogen  selenide  when 
the  recommended  concentrations  of  perchloric  acid  are  used. 

The  solution,  containing  a  dark  red  to  black  precipitate  of 
selenium  together  with  about  four-fifths  of  the  silica,  was  filtered 
on  a  pad  of  asbestos,  supported  by  about  1.3  cm.  (0.5  inch)  of  wool 
felt  and  a  perforated  porcelain  plate,  using  the  tail-form  straight- 
sided  Gooch  funnel.  After  filtering  and  washing  three  or  four 
times  with  warm  water,  a  glass  rod  was  pushed  up  through  the 
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stem  of  the  funnel  against  the  porcelain  plate  and  the  entire  pad 
forced  to  the  top  so  that  the  asbestos  layer  plus  the  precipitate 
could  be  removed  easily.  The  asbestos  pad  thoroughly  cleaned 
the  sides  of  the  funnel,  as  it  moved  up.  The  asbestos  pad  was 
added  to  the  glass  wool  and  the  entire  mass  treated  with  con¬ 
centrated  nitric  acid,  as  described  above. 

After  filtering  out  the  precipitate,  it  was  necessary  to  examine 
the  filtrate  for  selenium.  To  this  filtrate,  a  volume  of  about  100 
cc.,  were  added  125  cc.  of  concentrated  hydrochloric  acid  which 
had  been  saturated  with  sulfur  dioxide.  The  solution  was 
allowed  to  stand  for  2  hours;  upon  filtering  no  selenium  was 
found.  Therefore,  to  this  solution  was  added  a  definite  quantity 
of  selenious  acid,  equivalent  to  1.14  mg.  of  selenium.  After 
standing  2  hours,  the  solution  was  filtered  and  the  amount  of 
selenium  obtained  checked  with  the  amount  added,  showing 
that  the  solution  was  initially  in  the  proper  condition  for  the 
precipitation  of  selenium. 

Samples  of  Bureau  Standards  steel  No.  101  were  dissolved 
in  50  cc.  of  perchloric  acid  plus  30  cc.  of  water  and  a  definite 
amount  of  selenium  (1.14  mg.)  was  added  in  the  form  of 
selenious  acid.  Upon  precipitation  with  hydrochloric  acid 
and  sulfur  dioxide  the  correct  amount  of  selenium  was  found 
present,  showing  the  accuracy  of  the  iodometric  method. 

Using  the  method  as  outlined  on  the  manufacturer’s 
sample  (reported  as  0.218  per  cent  of  selenium)  the  following 
representative  values  were  obtained:  0.190,  0.191,  0.191, 
0.188,  0.193,  0.192,  0.193,  0.188,  0.189,  and  0.190  per  cent  of 
selenium.  These  percentages  all  reduce  to  0.19  per  cent 
when  two  significant  figures  are  reported,  as  is  customary 
in  steel  analyses. 

The  manufacturer’s  sample  was  diluted  with  an  equal  quan¬ 
tity  of  Bureau  of  Standards  sample  No.  101.  An  analysis  of 
this  diluted  sample  by  the  recommended  procedure  gave  val¬ 
ues  of  0.094  and  0.094  per  cent  of  selenium. 

Since  experiments  showed  that  no  hydrogen  selenide  was 
evolved  by  60  per  cent  perchloric  acid,  a  sample  of  selenium 
steel  was  dissolved  in  this  strength  of  acid,  by  heating  to  about 
85°  C.  After  complete  solution  of  the  steel,  125  cc.  of  con¬ 
centrated  hydrochloric  acid  saturated  with  sulfur  dioxide 
were  added.  After  standing  for  2  hours  the  precipitate  was 
filtered,  washed,  dissolved  in  nitric  acid,  and  carried  through 
the  volumetric  procedure  as  described,  to  give  0.190  and 
0.191  per  cent  of  selenium.  These  results  indicate  an  alter¬ 
nate  procedure  for  the  determination  of  selenium  and  furnish 
a  check  upon  the  procedure  given. 

The  method  of  the  Carpenter  Steel  Company  was  employed 
on  samples  of  selenium  steel  and  carried  to  the  point  where 
the  precipitated  selenium  was  filtered  upon  a  Gooch  crucible. 
At  this  point,  the  precipitate  was  carried  through  the  volu¬ 


metric  procedure  and  0.190,  0.193,  and  0.194  per  cent  of  sele¬ 
nium  were  obtained,  furnishing  additional  corroboration  of  the 
procedure  given. 

As  for  interfering  constituents,  Bureau  of  Standards  steel 
No.  101  was  carried  through  the  recommended  procedure 
and  gave  a  blank  result.  It  might  be  expected  that  a  small 
amount  of  copper  could  remain  in  the  insoluble  residue  and 
then  react  with  hydriodic  acid  to  yield  iodine,  but  the  fact 
that  negative  results  were  obtained  in  the  blank  experiment 
was  considered  sufficient  proof  that  selenium  alone  was 
measured  by  this  volumetric  method. 

For  routine  work,  the  procedure  could  be  materially  short¬ 
ened  by  eliminating  the  use  of  the  glass  wool  and  applying  a 
correction  factor  of  about  0.5  mg.  for  the  selenium  which  is 
evolved  as  hydrogen  selenide.  Also  the  precipitation  and 
elimination  of  small  amounts  of  iron  by  ammonium  hydroxide 
could  possibly  be  eliminated  in  routine  steel  analyses. 

Conclusion 

The  procedure  given  is  fairly  rapid.  A  series  of  5  samples 
was  analyzed  simultaneously  in  1.5  hours.  The  accuracy  has 
been  checked  by  two  procedures,  and  seems  adequate.  The 
values  are  lower  than  those  obtained  by  the  original  method 
of  the  Carpenter  Steel  Company,  but  an  examination  of  the 
gravimetric  method,  for  such  small  amounts  of  precipitate, 
led  to  the  conclusion  that  it  yields  slightly  high  results.1 
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1  In  a  private  communication  from  the  Carpenter  Steel  Company,  it  is 
stated  that  “our  figure  of  0.218  per  cent  of  selenium  is  from  a  routine  heat 
analysis  obtained  in  our  control  laboratory;”  hence  deviations  in  results  of 
the  magnitude  observed  are  only  to  be  expected. 


An  Efficient  Laboratory  Extraction  Apparatus 

FREDERICK  C.  OPPEN,  University  of  Wisconsin,  Madison,  Wis. 


A  SERIES  of  studies  in  this  laboratory  upon  the  con¬ 
stituents  of  various  seeds  has  frequently  met  the  prob¬ 
lem  of  efficient  extraction  of  large  quantities  of  material. 
Metal  apparatus  was  ruled  out  in  order  to  avoid  the  possibility 
of  contamination ;  various  glass  makeshifts  proved  leaky  and 
inefficient.  With  low-boiling  solvents  such  as  acetone, 
petroleum  ether,  ethyl  ether,  etc.,  these  difficulties  became 
acute.  Accordingly,  a  modified  Soxhlet-type  extractor  (illus¬ 
trated)  was  developed  which  can  be  duplicated  at  moderate 
expense  from  parts  readily  available.  This  model  has  been 
in  use  for  the  past  year,  and  has  given  very  satisfactory  results. 
It  is  described  here  in  the  hope  that  it  may  prove  helpful  to 
others  having  similar  problems. 


The  extractor  is  made  from  a  7-liter  Oldberg,  or  cylindrical, 
percolator  and  has  a  capacity  of  about  3  kg.  of  seeds.  A  per¬ 
colator  with  a  ground  upper  surface  is  selected,  together  with  a 
small  desiccator  fid  of  the  same  diameter,  and  these  are  re¬ 
ground  to  a  good  fit.  Next  a  large  hole  for  the  cork  is  cut  in  the 
fid,  preferably  with  a  cylindrical  copper  tool  in  a  slow-speed  drill 
press,  using  a  rough  grade  of  grinding  compound.  The  main 
novel  feature  is  an  internal  condenser  which  cools  and  liquefies 
nearly  all  vapors  before  they  pass  into  the  percolator,  thus  re¬ 
ducing  loss  at  the  ground  interface  between  the  percolator  and  its 
cover.  In  operation,  this  interface  is  rendered  more  nearly 
solvent-tight  by  clamping  it  at  two  diametral  points  with  large 
laboratory  clamps  as  indicated.  A  second  advantage  gained 
from  the  use  of  an  internal  condenser  is  that  uniform  conditions 
of  cold  solvent  extraction  are  maintained,  often  of  value  where 
sensitive  crude  materials  are  involved.  The  bulk  of  vapors  is 
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condensed  as  in  the  usual 
Soxhlet  extractor  by  the  large 
Alhhn-type  reflux  condenser 
(not  shown). 

The  numerous  potential 
leaks  in  such  a  set-up  are 
avoided  by  substituting 
ground-glass  joints  for  corks 
wherever  possible.  The  joint 
connecting  the  siphon  tube  to 
the  bottom  of  the  percolator 
is  ground  in  carefully  by  hand, 
first  using  discarded  glass 
stoppers  of  suitable  size  and 
taper  until  a  minimum  of  grind¬ 
ing  is  necessary  to  adapt  the 
standard  taper  joint.  The 
three  corks  do  not  cause  trouble 
if  they  are  of  fine  grain  and 
coated  with  collodion. 

A  narrow  cloth  bag  con¬ 
taining  the  material  to  be  ex¬ 
tracted  occupies  about  four- 
fifths  of  the  volume  of  the 
percolator  but  must  not  be 
allowed  to  pack  the  interior 
completely,  if  siphoning  is  to 
be  effective.  A  channel  is 
provided  by  inverting  an  80- 
mm.  evaporating  dish  over  the 
bottom  opening  and  placing 
several  10-  to  15-mm.  tubes 
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along  the  full  length  of  the  side  of  the  bag.  These  may  be 
bent  to  conform  to  the  curve  of  the  percolator.  The  siphon 
tube  extends  only  a  small  distance  above  the  top  of  the 
and  must  not  be  larger  than  6  mm.  in  diameter  if  it  is 
to  fall  properly.  Sometimes  the  column  fails  to  break  com- 
pletely  after  siphoning  has  stopped,  causing  the  liquid  to 
trickle  over  slowly.  This  prevents  thorough  extraction  of  the 
upper  portion  of  material,  and  is  caused  by  surface  tension 
at  the  exit  end  of  the  siphon  tube.  It  may  be  remedied  by  grind¬ 
ing  off  this  end  at  a  45 0  angle. 


mounted  as  a  permanent  as¬ 
sembly,  lowering  only  the 
boiler  and  percolator  for 
filling  or  emptying.  The 
heat  source  will  vary  with 
the  particular  solvent  used, 
but  in  most  cases  a  water 
bath  heated  by  an  electric 
hot-plate  is  satisfactory. 
Where  such  a  bath  is  used 
for  long  periods  of  time,  the 
constant-level  device  of  Wing 
(1)  can  be  employed  to  ad¬ 
vantage.  The  riser  from  the 
boiler  may  be  insulated  if 
desired. 

Whereas  the  description 
here  given  provides  for  a  7- 
liter  percolator  of  the  Oldberg 
type,  any  of  the  percola¬ 
tors  common  in  pharmaceu¬ 
tical  technology  might  be 
employed  with  suitable 
modifications.  The  internal 
condenser  in  conjunction 
with  ground-glass  joints 
wherever  there  is  liquid  or  hot  vapor  is  important  in  this 
design,  whose  details  may  be  varied  to  suit  individual  con¬ 
venience. 
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The  apparatus  may  be  adapted  to  smaller  charges  than  the 
maximum  by  inverting  beakers  or  bottles  within  the  percola¬ 
tor  to  occupy  the  excess  space.  It  is  most  conveniently 
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A  Rapid  and  Efficient  Mixer 

D.  H.  NELSON,  University  of  California,  Davis,  Calif. 


IT  IS  frequently  a  time-consuming  and  tedious  process  to 
prepare  for  analysis  samples  of  emulsions  and  plastics. 
The  horizontal  spiral-bit  type  of  mixer  has  been  successfully 
used  in  this  laboratory  and  offers  some  distinct  advantages 
over  other  methods  of  preparing  such  samples. 

It  is  very  easily  assembled  by  attaching  a  spiral  bit  to  the 
horizontal  shaft  of  an  electric  motor,  which  should  have  a 
speed  of  1725  r.  p.  m.  and  be  rated  at  not  less  than  0.1  horse¬ 
power.  A  drill  chuck  obtained  from  any  hardware  store  for 
approximately  $2  is  mounted  directly  on  the  shaft.  The 
diameter  of  the  motor  shaft  must  be  specified  in  ordering  the 
chuck.  The  spiral  bit  may  be  obtained  from  any  hardware 
store  for  approximately  75 
cents  by  specifying  a  0.75- 
inch,  solid-center,  spiral  bit. 

Before  using  this  bit  it  is 
necessary  to  remove  the  tip, 
or  worm,  and  the  two 
cutters.  The  bit  is  then 
i  placed  in  the  chuck.  When 
the  motor  runs,  the  bit  is 
turned  in  the  opposite  direc¬ 
tion  from  that  used  when  bor¬ 


ing.  This  motion  throws  the  sample  into  the  bottom  of  the 
sample  jar  which  is  slipped  over  the  bit.  The  jar  is  held  in 
the  hand  and  moved  around  to  facilitate  mixing.  When  the 
sample  jar  is  withdrawn  some  particles  of  the  sample  may 
fly  off,  and  are  conveniently  caught  by  a  piece  of  tin  shaped 
in  a  half-circle  and  placed  on  the  bench  over  the  bit. 

The  author’s  experience  in  using  this  mixer  for  preparing 
butter  samples  indicates  the  following  precautions  which  must 
be  observed: 

Use  a  thick-walled  glass  sample  jar  with  a  screw  cap,  straight 
sides,  flat  bottom,  and  a  capacity  of  approximately  twice  the 
volume  of  the  sample. 

Mix  the  sample  for  at  least 
3  full  minutes.  Since  the 
butter  can  be  mixed  at  tem¬ 
peratures  from  12°  to  25°  C., 
the  usual  time  required  for 
properly  tempering  the  sample 
can  be  eliminated. 

Avoid  partial  separation  of 
the  sample  due  to  melting 
around  the  edges  of  the  sample 
jar. 
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The  Determination  of  Rhenium 

II.  The  Geilmann  Reaction 

LOREN  C.  HURD  AND  BERNARD  J.  BABLER 
LTniversity  of  Wisconsin,  Madison,  W  is. 


THE  Geilmann  (2)  color  reaction  for  rhenium  is  brought 
about  by  adding  hydrochloric  acid,  stannous  chloride, 
and  potassium  thiocyanate  to  a  solution  of  a  perrhenate. 
The  stannous  chloride  presumably  reduces  the  rhenium  to 
the  hexavalent  state  where  it  reacts  with  the  thiocyanate  to 
yield  an  intensely  colored  complex.  The  actual  compound 
formed  is  said  to  be  ReO(CNS)4  (1,  9).  Geilmann  and  co¬ 
workers  have  found  that  the  lower  limit  of  sensitivity  lies 
somewhere  in  the  neighborhood  of  0.5y  per  10  ml.  (I7  = 
0.001  mg.).  The  reaction  has  been  adapted  to  the  quanti¬ 
tative  determination  of  rhenium  in  much  the  same  manner 
as  the  corresponding  molybdenum  reaction  has  been  utilized 


in  the  Maag  and  McCollum  (7)  determination.  Although 
molybdenum  interferes  when  the  Geilmann  determination  is 
applied  directly  to  the  analysis  of  minerals  and  concentrates, 
the  method  represents,  with  slight  modification  and  when  used 
in  conjunction  with  a  preliminary  separation,  the  best  avail¬ 
able  to  date. 

The  procedure  recommended  by  the  original  authors  and 
similar  to  the  analogous  molybdenum  method  was  as  follows: 
To  the  nearly  neutral  solution  of  rhenium  as  the  perrhenate  were 
added  10  ml.  of  20  per  cent  hydrochloric  acid  and  2  ml.  of  10 
per  cent  potassium  thiocyanate.  This  was  diluted  to  50  ml.  and 
treated  with  10  ml.  of  2  per  cent  stannous  chloride.  After 
shaking  for  0.5  minute,  20  ml.  of  ether  were  added  and  the  yellow 
complex  was  extracted.  Residual  traces  of  the  complex  were 
removed  by  a  second  extraction.  It  was  early  recognized  that 
the  intensify  of  color  produced  was  dependent  upon  a  number  of 
factors.  Chief  among  these  were  concentrations  of  reagents  and 
time.  By  comparing  the  intensities  of  colors  produced  under 
varying  conditions  with  the  color  of  an  aged  ether  extract  of 
the  complex,  they  were  able  to  establish  optimum  concentrations 
and  to  arrive  at  what  seemed  to  be  the  proper  time  interval 
between  the  addition  of  stannous  chloride  and  extraction  with 
ether.  The  reaction  was  apparently  stopped  by  the  addition  of 
the  extractor. 

During  the  course  of  a  series  of  analyses  made  in  this 
laboratory  (4)  it  became  evident  that  the  development  of  the 
color  depended  not  only  upon  the  concentration  of  the 
reagents  but  upon  the  amount  of  rhenium  present.  Likewise 
it  was  suspected  that  the  reaction  was  not  stopped  by  the 
addition  of  the  extractor  but  continued  in  the  nonaqueous 
solution  at  a  greatly  reduced  rate. 

The  research  herein  reported  was  conducted  in  an  effort  to 
ascertain  the  magnitude  and  character  of  the  color  changes 
taking  place  during  the  course  of  the  reaction  and  to  establish 
if  possible  concentrations  and  time  factors  more  favorable  to 
analytical  applications.  The  Eastman  universal  colorimeter, 
an  instrument  which  has  been  previously  described  ( 5 ,  6)  and 
used  (3)  in  a  research  of  this  type,  was  used  to  follow  color 
changes. 

Experimental 

Solutions  used  were  similar  to  those  of  Geilmann,  Wrigge,  and 
Weibke  (2).  Potassium  perrhenate  solutions  containing  10-y 
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per  ml.  served  as  a  source  of  rhenium.  The  procedure  fol¬ 
lowed  throughout  was  to  run  into  the  sample  tube  of  the  colorime¬ 
ter  a  known  amount  of  standard  perrhenate  solution.  In  a 
beaker  were  placed  the  desired  amounts  of  hydrochloric  acid, 
stannous  chloride,  potassium  thiocyanate,  and  enough  water  so 
that  the  total  volume  of  this  solution  and  that  of  the  perrhenate 
would  equal  50  ml.  The  reagent  mixture  was  then  quickly  mixed 
with  the  perrhenate  solution  and  placed  in  the  colorimeter. 
The  time  of  mixing  was  taken  as  the  zero  time  in  all  cases. 
The  color  changes  were  followed  by  the  -blue  wedge.  When 
working  with  deeply  colored  solutions  it  was  sometimes  found 
necessary  to  make  slight  corrections  with  other  wedges.  All 
concentrations  reported  are  on  the  weight  basis. 

Figure  1  illustrates  the  effect  of  varying  the  hydrochloric 
acid  concentration  in  solutions  containing  0.40  per  cent  of 
stannous  chloride,  1.0  per  cent  of  potassium  thiocyanate,  and 
IOO7  of  rhenium.  The  percentage  of  acid  includes  that 
contained  in  the  stannous  chloride  solution.  In  low  acid 
concentrations  the  color  did  not  reach  a  maximum  until  20 
minutes  had  elapsed.  In  the  neighborhood  of  2  per  cent  the 
color  maximum  was  reached  in  5  minutes,  but  fading  took 
place  over  a  period  of  30  minutes.  Figure  2  illustrates  the 
effect  of  stannous  chloride  in  a  system  containing  2.0  per  cent 
of  hydrochloric  acid,  1.0  per  cent  of  potassium  thiocyanate, 
and  IOO7  of  rhenium.  Low  concentrations  of  the  reagent 
developed  the  color  slowly,  but  it  is  to  be  noted  that  at  the 
end  of  35  minutes  the  color  with  0.04  per  cent  of  stannous 
chloride  was  almost  twice  as  intense  as  in  a  0.8  per  cent 
solution.  In  the  latter  concentration,  however,  the  color 
maximum  was  quickly  reached  and  remained  practically 
constant  over  an  appreciable  period. 

Figure  3  illustrates  the  variation  produced  by  changing 
the  potassium  thiocyanate  concentration  in  solutions  con¬ 
taining  2.0  per  cent  of  hydrochloric  acid,  0.4  per  cent  of  stan¬ 
nous  chloride,  and  IOO7  of  rhenium.  Concentrations  above 
0.4  per  cent  produced  a  maximum  color  at  the  end  of  5 
minutes,  whereas  amounts  in  excess  of  1  per  cent  promoted 
fading  after  15  or  20  minutes.  In  Figure  4  are  represented 
color  concentrations  produced  by  varying  amounts  of  rhenium 
reduced  in  solutions  containing  2.0  per  cent  of  hydrochloric 
acid,  0.40  per  cent  of  stannous  chloride,  and  1  per  cent  of 
potassium  thiocyanate.  Significant  is  the  fading  encountered 
in  concentrations  of  rhenium  much  above  2OO7.  Under 
the  conditions  of  the  experiment  it  would  appear  that  7 
minutes  is  the  optimum  time  interval  before  extraction.  In  the 
4007  region  there  is  illustrated  a  phenomenon  which  has 
often  been  encountered  in  these  laboratories  and  wliich  may 
introduce  serious  error  into  a  determination.  Curves  A  and 
B  represent  the  behavior  of  solutions  containing  exactly  the 
same  concentrations  of  reagents,  the  difference  being  that  the 
solution  represented  by  B  was  shaken  vigorously  for  1  minute 
before  being  placed  in  the  colorimeter.  Violent  and  prolonged 
agitation  does  not  appear  to  shift  the  maximum  but  does 
promote  more  rapid  fading  of  the  color.  In  Figure  5  are 
plotted  colorimeter  scale  readings  against  rhenium  concen¬ 
trations.  Colors  were  developed  in  solutions  containing  2.0 
per  cent  of  hydrochloric  acid,  0.4  per  cent  of  stannous  chloride, 


and  1  per  cent  of  potassium  thiocyanate.  The  time  interval 
before  extraction  was  7  minutes. 

The  effect  of  stannic  chloride  was  studied  because  in  actual 
practice  samples  are  often  encountered  which  contain  small 
amounts  of  oxidizing  agents.  These  would  oxidize  the  stan¬ 
nous  chloride  to  produce  significant  concentrations  of  tetra- 
valent  tin.  Stannic  chloride  in  concentrations  as  high  as 
2  per  cent  had  little  or  no  effect. 

Nonaqueous  Extractors 

Butyl  acetate,  cyclohexanol,  and  ethyl  ether  have  been  used 
to  extract  the  rhenium  thiocyanate.  The  mixture  of  65  per 
cent  ethyl  ether  and  35  per  cent  petroleum  ether  as  used  by 
Malowan  (<?)  for  molybdenum  extracts  rhenium  incompletely. 

Because  it  had  been  suspected  that  nonaqueous  solutions 
of  the  complex  were  not  stable  over  a  period  of  hours  and  that 
standards  for  comparison  had  best  be  prepared  at  the  time 
of  the  analysis,  a  study  was  made  of  the  behavior  of  these 
nonaqueous  solutions.  The  color  of  1 5O7  of  rhenium  was 
developed  as  described  in  the  preceding  paragraph,  7  minutes 


114 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  2 


were  allowed,  and  the  extractor  was  added  in  three  successive 
portions  of  20,  15,  and  15  ml.  Extracts  were  then  combined 
and  placed  in  the  colorimeter.  The  entire  operation  usually 
required  about  12  minutes.  Saturated  extractors  were  pre¬ 
pared  by  shaking  the  extraction  liquid  in  a  separatory  funnel 
just  previous  to  use,  with  a  hydrochloric  acid,  stannous 
chloride,  and  potassium  thiocyanate  solution  of  the  same  type 
as  used  in  the  actual  analysis.  Figure  6  illustrates  the  change 
in  color  of  solution  of  150y  of  rhenium  (as  the  thiocyanate 
extract)  in  butyl  acetate  which  had  been  shaken  with  the 
reagents  and  in  untreated  butyl  acetate.  It  is  apparent  that 
the  saturated  extractor  is  preferable  but  that  in  neither  case 
may  it  be  assumed  that  such  solutions  constitute  satisfactory 
semi-permanent  standards. 

Figure  7  is  interesting  in  that  it  apparently  makes  little  or 
no  difference  whether  ether  be  saturated  or  unsaturated  with 
respect  to  the  reagents.  However,  erratic  results  are  more 
often  obtained  in  actual  practice  if  the  ether  is  not  treated 
prior  to  extraction  This  is  in  harmony  with  the  findings  of 
Geilmann  and  co-workers  (2).  Figure  8  is  characteristic  of 
cyclohexanol.  The  use  of  cyclohexanol  eliminates  to  a  large 
extent  the  peculiar  results  often  obtained  when  ether  is  used 
as  an  extractor  but  has  the  decided  disadvantage  of  separat¬ 
ing  slowly  from  the  aqueous  solution. 


As  a  result  of  the  study  of  the  development  of  color  in  the 
Geilmann  reaction  it  is  recommended  that  when  applied 
quantitatively  to  amounts  of  rhenium  under  500y,  the  con¬ 
centration  of  hydrochloric  acid  be  held  at  2.0  per  cent, 
potassium  thiocyanate  at  0.4  per  cent,  and  stannous  chloride 
at  0.2  per  cent.  Seven  minutes  should  in  general  elapse 
before  extraction,  and  the  solution  should  be  shaken  no  more 
than  is  necessary  to  produce  uniformity.  Behavior  of  non- 
aqueous  extractors  has  been  studied  and  data  are  presented 
which  indicate  that  such  solutions  do  not  constitute  satis¬ 
factory  permanent  standards. 
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Separation  of  Stannic  Oxide  from  Various 
Oxides  by  Ignition  with  Ammonium  Iodide 

Application  to  Analytical  Purification  of  Ignited  Stannic  Oxide 

EARLE  R.  CALEY  AND  M.  GILBERT  BURFORD,1  Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


VOLATILIZATION  of  arsenic,  antimony,  or  tin  in  the 
form  of  their  chlorides  from  various  compounds  by 
gentle  ignition  with  dry  ammonium  chloride  was  apparently 
first  recommended  as  an  analytical  procedure  by  Rose  (5). 
Rammelsberg  (4)  employed  repeated  ignition  with  ammonium 
chloride  in  a  method  for  the  approximate  separation  of  stannic 
oxide  from  tungstic  oxide.  The  conversion  of  stannic  oxide 
into  volatile  stannic  chloride  in  this  way  is,  according  to  the 
authors’  attempts,  an  impractical  analytical  procedure  since 
an  excessive  number  of  successive  ignitions  are  usually  re¬ 
quired.  For  example,  in  one  experiment  a  sample  of  ignited 
stannic  oxide  weighing  0.5635  gram  left  a  residue  of  0.0127 
gram  of  oxide  after  five  successive  ignitions  with  excess 
quantities  of  ammonium  chloride.  On  the  other  hand  it  was 
found  that  ammonium  iodide  decomposes  even  highly  ignited 
stannic  oxide  with  great  readiness,  so  much  so  that  the  amount 
of  stannic  oxide  usually  encountered  in  an  analytical  precipi¬ 
tate  can  be  volatilized  as  iodide  by  a  single  ignition  with  ten 
times  its  weight  of  this  ammonium  salt.  Since,  at  the  tem¬ 
perature  required  for  this  volatilization,  most  of  the  other 
oxides  likely  to  be  found  with  tin  oxide  either  are  not  attacked 
or  are  converted  into  relatively  nonvolatile  iodides  which  may 
be  changed  quantitatively  back  to  the  oxides,  ignition  with 
ammonium  iodide  can  be  used  as  a  general  method  for  the 
separation  of  stannic  oxide  from  these  others.  At  the  time 
the  present  work  was  done  it  was  thought  that  the  analytical 
application  of  ammonium  iodide  in  this  manner  was  entirely 
new,  but  there  was  later  located  a  single  passing  statement 

i  Present  address,  Department  of  Chemistry,  Cornell  University,  Ithaca, 
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by  Moser  (3)  to  the  effect  that  metastannic  acid  could  be 
separated  from  silicic  acid  by  ignition  with  ammonium  iodide. 
This  present  paper  contains  the  results  of  experiments  on 
the  action  of  dry  ammonium  iodide  at  various  temperatures 
on  stannic  oxide,  ferric  oxide,  cupric  oxide,  lead  oxide,  nickel 
oxide,  zinc  oxide,  antimony  trioxide,  tungstic  oxide,  and  silicon 
dioxide,  special  attention  being  paid  to  the  conditions  for 
quantitative  separations.  As  an  example  of  the  practical 
value  of  this  general  method  there  is  given  a  rapid,  convenient 
procedure  for  the  determination  of  the  exact  stannic  oxide 
content  of  ignited  impure  tin  oxide  precipitates,  such  as 
those  obtained  from  the  nitric  acid  treatment  of  common  non- 
ferrous  alloys. 

Materials  and  Apparatus 

J.  T.  Baker’s  reagent  ammonium  iodide  was  found  to  be 
sufficiently  pure,  particularly  in  regard  to  a  low  content  of 
nonvolatile  matter,  to  be  used  without  further  purification. 
One  lot  was  found  to  leave  no  residue  on  ignition,  while 
another  contained  an  average  of  only  0.02  per  cent  non¬ 
volatile  matter.  Though  it  is  desirable  for  such  analytical 
work  to  have  a  reagent  that  leaves  no  weighable  residue  on 
ignition,  it  was  found  that  satisfactory  results  could  be  ob¬ 
tained  even  with  ammonium  iodide  of  lower  purity  by  allowing 
for  a  blank  correction  according  to  the  purity  of  the  chemical 
and  the  amount  taken  for  an  ignition.  The  various  oxides 
were  all  prepared  from  pure  chemicals  by  conventional 
methods. 

Ordinary  porcelain  crucibles  were  used  in  the  ignition  ex¬ 
periments,  and,  while  in  a  few  cases  a  gas  burner  was  used  as 
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the  source  of  heat,  the  great  majority  of  the  trials  were  made 
in  a  small  electric  crucible  furnace  especially  constructed  for 
the  purpose.  By  means  of  a  suitable  resistance  this  could  be 
held  constant  within  5°  throughout  the  working  range,  a 
nitrogen-filled  thermometer  with  bulb  placed  next  to  the 
crucible  being  used  to  determine  the  temperature. 

General  Procedure 

In  the  experiments  on  the  oxides  the  dried  weighed  samples 
were  first  thoroughly  mixed  with  ten  or  more  times  their 
weight  of  powdered  dry  ammonium  iodide  in  weighed  cru¬ 
cibles.  Except  where  a  gas  burner  was  used,  ignition  was  then 
performed  at  a  controlled  temperature  by  placing  a  charged 
crucible  in  the  electric  furnace  previously  brought  to  the 
desired  degree  of  heat.  After  ignition  was  complete  as  shown 
by  the  cessation  of  fumes,  usually  requiring  from  10  to  15 
minutes,  the  crucible  was  removed.  In  some  cases  crucibles 
were  then  ignited  in  the  open  air  in  order  to  convert  any 
residual  iodide  completely  to  oxide.  In  others,  where  slightly 
volatile  iodides  were  present,  the  residues  were  first  treated 
with  small  volumes  of  concentrated  nitric  acid,  followed  by 
evaporation  to  dryness  on  the  hot  plate  in  order  to  decompose 
the  iodides  completely  before  the  final  ignitions  were  made. 
Finally  the  crucibles  were  reweighed  in  order  to  determine 
the  weights  of  residual  oxide  or  oxides.  Qualitative  observa¬ 
tions  of  the  products  of  the  reactions  were  also  made. 

Reaction  with  Stannic  Oxide 

While  there  is  evidence  of  action  at  slightly  lower  tempera¬ 
tures,  the  reaction  between  ammonium  iodide  and  stannic 
oxide  does  not  proceed  with  sufficient  velocity  and  com¬ 
pleteness  for  practical  analytical  purposes  until  about  400°  C. 
is  reached.  At  this  point  there  is  rapid  evolution  of  brown 
vapors  of  stannic  iodide  from  the  mixture,  accompanied  by 

I  white  fumes  of  subliming  ammonium  iodide  and  the  purple 
vapors  of  gaseous  iodide.  If  the  reaction  is  carried  out  at  a 
sufficiently  high  temperature,  the  characteristic  orange-red 
thermoluminescence  of  iodine  can  also  be  seen.  It  seems 
probable  that  the  transformation  of  the  oxide  into  iodide  in 
this  way  is  caused  by  the  action  of  the  hydrogen  iodide  that 

_ 


When  mixed  with  a  suitable  excess  of 
powdered  ammonium  iodide  and  heated  at 
temperatures  between  400°  and  500°  C., 
stannic  oxide  is  quantitatively  transformed 
into  stannic  iodide  and  can  thus  be  com¬ 
pletely  volatilized.  This  behavior  can  be 
used  as  the  basis  of  analytical  procedures 
for  the  separation  of  stannic  oxide  from 
most  other  metallic  oxides  likely  to  be  as¬ 
sociated  with  it,  since  these  either  are  not 
affected  by  such  treatment  or  are  converted 
more  or  less  completely  into  nonvolatile 
iodides  which  can  be  transformed  back  to 
oxides.  For  example,  impure  ignited  tin 
oxide,  such  as  that  resulting  from  the 
nitric  acid  treatment  of  common  non- 
ferrous  alloys,  may  be  corrected  for  impuri¬ 
ties  in  this  way.  The  experiments  show 
that  this  method  of  separation  is  simple, 
rapid,  and  accurate. 


results  from  the  thermal  dissociation  of  the  ammonium  salt. 
If  this  is  the  case  the  essential  reaction  can  be  represented 
by  the  equation 

Sn02  +  4HI - >  Snl4  +  2H20 

It  is  to  be  observed  in  support  of  this  explanation  that  the 
order  of  the  ease  with  which  ammonium  iodide  and  ammo¬ 
nium  chloride  react  with  stannic  oxide  is  the  same  as  that  of 
hydriodic  acid  and  hydrochloric  acid,  the  latter  having  prac¬ 
tically  no  action.  That  the  reaction  with  these  ammonium 
salts  proceeds  more  readily  in  both  cases  than  with  the  cor¬ 
responding  aqueous  acids  is  in  agreement  with  other  reactions 
in  which  halogen  halides  at  high  temperatures  react  even  more 
readily  than  their  aqueous  solutions  with  given  substances, 
especially  when  water  is  one  of  the  products  of  the  gaseous 
reactions.  The  iodine  appearing  as  one  of  the  products  of 
the  reaction  between  ammonium  iodide  and  stannic  oxide 
apparently  results  largely  from  the  thermal  decomposition  of 
the  hydrogen  iodide,  although  it  is  possible  that  a  small 
proportion  may  come  from  its  oxidation  on  contact  with  air. 
A  possible  alternative  mechanism  for  the  reaction  is  that  it 
involves  a  direct  action  between  the  two  substances  as  shown 
by  the  stoichiometric  equation 

Sn02  +  4NHJ  — >-  Snl4  +  4NH3  +  2H20 

Against  this  may  be  cited  experiments  on  heating  mixtures 
of  finely  ground  potassium  iodide  and  stannic  oxide  in  which 
no  evidence  of  any  transposition  reaction  could  be  detected, 
though  from  the  somewhat  analogous  nature  of  the  two 
iodides  one  might  expect  at  least  some  reaction  in  the  case  of 
potassium  iodide  if  ammonium  iodide  reacts  by  a  double 
decomposition  reaction.  Audrieth  ( 1 )  cites  evidence,  how¬ 
ever,  that  tends  to  show  that  fused  ammonium  salts  can 
themselves  behave  like  acids,  and  while  no  actual  fusion  takes 
place  in  the  case  discussed  here,  it  is  possible,  in  part  at  least, 
that  the  reaction  between  ammonium  iodide  and  stannic  oxide 
results  from  such  a  direct  interaction. 

Reactions  of  Various  Metallic  Oxides 

Since  for  purposes  of  practical  analytical  separation  stannic 
oxide  reacts  too  slowly  below  400°  C.,  little  attention  was 
paid  to  the  behavior  of  the  other  oxides  on  ignition  with  am¬ 
monium  iodide  below  this  temperature.  At  400°  C.  or  above 
these  are  partially  or  completely  converted  into  iodides, 
depending  upon  the  temperature  and  the  proportion  of  am¬ 
monium  iodide.  In  general  these  other  reactions  appear  to 
take  place  by  the  same  mechanism  as  the  stannic  oxide  re¬ 
action,  except  that  in  the  case  of  ferric  oxide  and  cupric  oxide 
there  are,  in  addition,  oxidation-reduction  changes. 

The  reaction  with  ferric  oxide  can  be  represented  by  the 
equation 

Fe203  +  6NH4I  — >  2FeI2  +  I,  +  6NHS  +  3H20 

By  gentle  ignition  in  the  open  air  the  ferrous  iodide  formed  in 
this  manner  can  be  oxidized  quantitatively  back  to  ferric  oxide 
according  to  the  equation 

4FeI2  T  302  — >-  2Fe203  -{-  4I2 

From  the  analytical  viewpoint  it  was  found  that,  if  the  treat¬ 
ment  with  ammonium  iodide  is  carried  out  over  a  gas  burner 
without  much  care'  as  regards  temperature  control,  the  re¬ 
covery  of  the  ferric  oxide  is  by  no  means  quantitative,  owing 
apparently  to  volatilization  of  some  ferrous  iodide  during  the 
ignition.  By  performing  the  ignition  in  an  electric  furnace 
at  temperatures  under  500°  C.  this  loss  does  not  occur,  and 
recovery  of  all  the  oxide  originally  taken  is  then  possible. 
From  a  practical  manipulative  standpoint  the  conversion  of 
ferrous  iodide  to  the  oxide  by  simple  air  oxidation  is  not  en- 
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tirely  satisfactory,  since  there  is  danger  of  mechanical  loss 
due  to  the  formation  of  a  certain  proportion  of  very  light, 
fluffy  ferric  oxide.  For  this  reason  it  is  better  to  treat  the 
iodide  with  2  to  3  ml.  of  nitric  acid  first,  evaporate,  then  ig¬ 
nite  the  resulting  nitrate  to  oxide. 

The  reaction  of  ammonium  iodide  with  cupric  oxide  is 
analogous  to  that  with  ferric  oxide  as  indicated  by  the  equa¬ 
tion 

2CuO  +  4NH4I  — >  2CuI  +  4NH3  +  I2  +  2H20 

In  this  case,  however,  it  is  not  so  convenient  to  convert  the 
iodide  back  to  oxide  by  air  oxidation,  since  this  takes  a  longer 
time  and  more  care  than  with  ferrous  iodide.  Apparently 
no  loss  from  volatilization  of  cuprous  iodide  occurs  if  ignitions 
are  made  at  any  temperature  in  the  range  400°  to  500°  C. 

The  action  of  ammonium  iodide  on  lead  oxide  can  be  repre¬ 
sented  by  the  equation 

PbO  +  2NHJ  — ^  Pbl2  +  2NH3  +  H20 

In  this  case  also  the  ignition  must  be  made  with  temperature 
control  to  prevent  loss  by  volatilization.  Conversion  to  oxide 
through  nitric  acid  treatment  is  necessary  for  quantitative 
results  since  lead  iodide  is  converted  into  oxyiodides  by 
ignition  in  air  (5).  Large  amounts  of  lead  oxide,  however, 
cannot  be  handled  conveniently  by  this  method,  since  then 
the  conversion  of  the  iodide  back  to  oxide  was  found  to  require 
an  excessive  number  of  repeated  treatments  with  the  acid. 
With  as  much  as  0.01  to  0.02  gram,  far  in  excess  of  amounts 
likely  to  be  found  in  impure  tin  oxide  precipitates,  the  recovery 
is  fairly  satisfactory. 

In  the  case  of  nickel  oxide  the  equation  representing  the 
reaction  is  analogous  to  the  one  for  lead  oxide.  From  a 
manipulative  viewpoint  the  behavior  of  nickel  oxide  is  similar 
to  that  of  ferric  oxide,  for  not  only  is  the  conversion  of  the 
iodide  back  to  oxide  by  direct  ignition  in  air  possible,  but  there 
is  also  likelihood  of  the  formation  of  a  fluffy  form  of  this  oxide 
winch  can  lead  to  mechanical  loss  unless  due  care  is  taken. 

With  zinc  oxide  the  reaction  follows  a  course  analogous  to 
that  of  the  last  two  oxides,  but  owing  to  the  relatively  low 
boiling  point  of  zinc  iodide  considerable  loss  by  volatiliza¬ 
tion  occurs  when  the  ignitions  are  conducted  within  the  tem¬ 
perature  range  used  for  the  preceding  oxides.  From  the 
standpoint  of  the  application  of  this  method  to  the  correc¬ 
tion  of  impure  tin  oxide  for  impurities,  it  is  fortunate  that 
zinc  is  such  a  minor  contaminant  of  such  precipitates. 

Antimony  trioxide  on  ignition  with  ammonium  iodide 
behaved  in  a  manner  very  similar  to  that  of  stannic  oxide. 
The  equation  for  the  volatilization  can  be  written 

Sb203  +  6NHJ - >■  2SbI3  +  6NH3  +  3H20 

Separation  of  these  oxides  is  therefore  not  possible  by  this 
method.  On  the  contrary  the  two  oxides  can  be  quantita¬ 
tively  volatilized  together  from  mixtures  containing  other 
oxides,  and  this  procedure  can  be  applied  with  advantage  in 
certain  cases. 

Separation  of  Stannic  Oxide  from  Other 
Metallic  Oxides 

The  separation  of  ferric  oxide  from  stannic  oxide  is  im¬ 
portant  practically  because  ferric  oxide  is  often  the  chief 
contaminant  of  impure  tin  oxide.  A  number  of  experiments 
were,  therefore,  made  on  synthetic  mixtures  in  which  the 
weights  of  the  oxides  were  so  taken  as  to  give  samples  that 
simulated  badly  contaminated  tin  oxide  precipitates.  In  each 
trial  a  sample  was  weighed  into  a  weighed  crucible  and 
intimately  mixed  with  1.5  grams  of  ammonium  iodide.  Ig¬ 
nition  was  performed  at  various  temperatures,  and  the  cru¬ 
cibles  with  their  residues  were  then  gently  ignited  to  constant 
weight  in  air  to  obtain  the  amounts  of  residual  oxide.  Typical 


results  are  shown  in  Table  I.  With  an  ignition  temperature 
below  400°  C.  high  results  were  obtained  by  reason  of  the 
nonvolatilization  of  some  of  the  stannic  oxide,  whereas  at 
500°  C.  the  results  were  low  because  of  volatilization  of  some 
ferrous  iodide  during  ignition.  At  the  intermediate  tempera¬ 
tures,  however,  the  separation  is,  in  general,  good.  Some 
experiments  were  also  made  on  mixtures  which  had  larger 
proportions  of  ferric  oxide  but,  the  results  on  these  not  being 
as  satisfactory,  the  method  is  not  to  be  recommended  for 
such  separations. 

Table  I.  Separation  of  Stannic  Oxide  from  Ferric 
Oxide  by  Ignition  with  Ammonium  Iodide 


Tempera¬ 

S11O2 

Fe203 

Fe20s 

Difference 

ture 

Taken 

Taken 

Residue 

Error 

°  C. 

Gram 

Gram 

Gram 

Gram 

345 

0.0993 

0.0115 

0.0220 

+0.0105 

395 

0.1151 

0 . 0094 

0.0122 

+0.0028 

420 

0.0932 

0.0109 

0.0106 

-0.0003 

420 

0.0978 

0.0112 

0.0111 

-0.0001 

430 

0.1027 

0.0174 

0.0177 

+0.0003 

430 

0.1017 

0.0119 

0.0116 

-0.0003 

450 

0.0943 

0.0125 

0.0122 

-0.0003 

450 

0 . 0958 

0.0111 

0.0112 

+0.0001 

450 

0.1066 

0.0100 

0.0101 

+0.0001 

450 

0.0986 

0  0100 

0.0098 

-0.0002 

460 

0.0983 

0.0101 

0.0097 

-0.0004 

460 

0 . 0956 

0.0116 

0.0115 

-0.0001 

500 

0.0984 

0.0125 

0.0116 

-0.0009 

500 

0.0965 

0,0140 

0.0127 

-0.0013 

In  addition  to  ferric  oxide,  cupric  oxide  is  a  leading  con¬ 
taminant  of  ignited  stannic  oxide  precipitates.  For  this 
reason  a  number  of  experiments  were  made  on  synthetic 
mixtures  that  contained  both  these  oxides  in  addition  to  a 
large  relative  excess  of  stannic  oxide.  These  trials  were 
carried  out  in  the  same  way  as  the  preceding  except  that  the 
ignitions  in  air,  because  of  the  presence  of  cuprous  iodide 
in  the  residues,  were  controlled  as  to  temperature,  the  start 
being  made  at  about  270°  C.  with  a  gradual  rise  to  dull  red 
heat.  The  results  appear  in  Table  II. 


Table  II.  Separation  of  Stannic  Oxide  from  Ferric 
Oxide  and  Cupric  Oxide 


Tempera¬ 

SnC>2 

l-’e-Or. 

CuO 

Total  Foreign  Oxides 

ture 

Taken 

Taken 

Taken 

Taken 

Found 

Error 

0  C. 

Gram 

Gram 

Gram 

Gram 

Gram 

Gram 

400 

0.1081 

0 . 0090 

0 . 0092 

0.0182 

0.0183  . 

+0.0001 

400 

0 . 0988 

0 . 0077 

0.0123 

0.0200 

0.0202 

+0.0002 

425 

0.0954 

0.0104 

0.0100 

0.0204 

0 . 0202 

-0.0002 

425 

0.1036 

0.0105 

0.0095 

0 . 0200 

0.0199 

-0.0001 

425 

0 . 0993 

0 . 0022 

0.0006 

0 . 0028 

0.0029 

+0.0001 

425 

0 . 0992 

0 . 0020 

0.0008 

0.0028 

0.0028 

±0.0000 

450 

0.1021 

0 . 0085 

0.0127 

0.0212 

0.0211 

-0.0001 

475 

0.0918 

0 . 0065 

0.0094 

0.0159 

0.0159 

±0.0000 

500 

0 . 1074 

0 . 0079 

0.0116 

0.0195 

0.0194 

-0.0001 

525 

0.1074 

0.0067 

0 . 0083 

0.0150 

0.0146 

-0  0004 

525 

0.0934 

0.0097 

0.0122 

0.0219 

0.0214 

-0.0005 

The  totals  agree  satisfactorily  except  in  the  case  of  the  runs 
made  at  525°  C.  where  some  volatilization  of  the  iodides 
probably  occurred.  A  similar  set  of  experiments  was  carried 
out  in  which,  instead  of  air  ignition,  the  nitric  acid  technic 
was  used  for  the  conversion  of  iodides  to  oxides.  The  results 
of  these  were  in  general  also  satisfactory. 

Samples  containing  ferric  oxide,  cupric  oxide,  and  lead  oxide 
that  were  synthetic  approximations  to  ignited  tin  oxide  pre¬ 
cipitates  likely  to  be  obtained  in  the  analysis  of  common  non- 
ferrous  alloys  were  also  analyzed  in  this  way.  In  most  of 
these  the  proportion  of  total  “impurities”  was  purposely 
exaggerated  in  order  to  test  the  value  of  the  method  for 
handling  grossly  contaminated  tin  oxide.  Because  of  the 
presence  of  lead  oxide  the  reconversion  back  to  oxides  was 
made  by  the  nitric  acid  method  in  all  these  trials.  The 
data  in  Table  III  show  that  the  recovery  of  the  total  added 
“foreign”  oxides  from  the  synthetic  mixtures  was  satisfactory, 
especially  in  view  of  the  possibility  of  the  occurrence  of 
cumulative  weighing  errors  in  the  preparation  of  complex 
mixtures  of  this  sort.  As  could  be  expected  from  the  results 
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of  the  preceding  experiments,  the  least  satisfactory  results 
were  obtained  on  samples  that  were  ignited  at  the  lowest 
and  the  highest  points  in  the  temperature  range. 


Table  III.  Separation  of  Stannic  Oxide  from  Ferric 
Oxide,  Cupric  Oxide,  and  Lead  Oxide 


Tem¬ 

pera- 

S11O2 

Fe203 

CuO 

PbO  Total  Foreign  Oxides 

ture 

Taken 

Taken 

Taken 

Taken 

Taken 

Found 

Error 

°  C. 

Gram 

Gram 

Gram 

Gram 

Gram 

Gram 

Gram 

400 

0.1682 

0 . 0078 

0.0096 

0.0037 

0.0211 

0.0214 

+0.0003 

400 

0.1376 

0.0011 

0  0016 

0.0006 

0 . 0033 

0 . 0037 

+0.0004 

425 

0.1101 

0.0037 

0  0055 

0 . 0028 

0.0120 

0  0119 

-0.0001 

450 

0.1453 

0.0013 

0 . 0008 

0  0016 

0 . 0037 

0 . 0040 

+0.0003 

450 

0.1130 

0 . 0049 

0 . 0053 

0  0083 

0.0185 

0.0184 

-0.0001 

450 

0.0959 

0 . 0020 

0.0014 

0.0011 

0  0045 

0 . 0049 

+0.0004 

450 

0.0981 

0 . 0033 

0.0076 

0.0029 

0  0138 

0.0136 

-0 . 0002 

475 

0.0990 

0 . 0046 

0 . 0054 

0 . 0048 

0.0148 

0.0146 

-0.0002 

475 

0 . 0978 

0 . 0038 

0 . 0030 

0.0041 

0.0109 

0.0108 

-0.0001 

500 

0.0819 

0.0017 

0.0011 

0  0006 

0.0034 

0 . 0034 

±0.0000 

500 

0.0642 

0 . 0056 

0 . 0032 

0 . 0042 

0.0130 

0.0131 

+0.0001 

525 

0 . 0875 

0 . 0024 

0.0017 

0.0024 

0 . 0065 

0  0060 

-0.0005 

Behavior  of  Difficultly  Soluble  Oxides 

The  two  oxides  of  this  type  considered  here  differ  from  the 
other  oxides  likely  to  be  contaminants  of  stannic  oxide  in 
their  behavior  on  ignition  with  ammonium  iodide,  for  no  con¬ 
version  to  iodides  takes  place.  In  the  case  of  tungstic  oxide 
some  slight  reduction  to  a  lower  oxide  apparently  occurs  if 
the  temperature  of  ignition  is  too  high,  but  with  silica  there 
is  no  reaction. 

Experiments  on  mixtures  of  tungstic  oxide  and  stannic  oxide 
showed  that  this  general  method  is  practicable  for  the  separa¬ 
tion  of  the  two.  Some  results  are  shown  in  Table  IY. 

Table  IV.  Separation  of  Stannic  Oxide  from  Tungstic 

Oxide 


Tempera¬ 

S11O2 

WOj 

WO3 

Difference 

ture 

Taken 

Taken 

Residue 

Error 

°  C. 

Gram 

Gram 

Gram 

Gram 

375 

0.1280 

0.1129 

0.1147 

+  0.0018 

400 

0.0118 

0.1126 

0.1127 

+0.0001 

400 

0.0770 

0 . 0686 

0.0685 

-0  0001 

425 

0.0114 

0.1634 

0.1635 

+0.0001 

425 

0.1164 

0.0976 

0.0972 

-0.0004 

450 

0.0104 

0.1504 

0.1502 

-0.0002 

450 

0.0906 

0. 1085 

0.1086 

+0.0001 

475 

0.1510 

0.1419 

0.1413 

-0.0006 

In  these 

trials  each  sample 

was  mixed 

with  about 

grams  of  ammonium  iodide  and  ignited  in  the  electric  furnace 
at  the  given  temperatures.  The  residual  oxide  was  then 
simply  weighed  after  volatilization  of  all  excess  iodide.  The 
usual  high  results  that  come  from  incomplete  removal  of 
stannic  oxide  on  using  too  low  an  ignition  temperature  are 
illustrated  by  the  first  value.  In  the  remaining  trials,  with 
the  exception  of  the  last,  the  residual  oxide  had  a  normal 
appearance,  and  the  separation  was  satisfactory.  In  igni¬ 
tions  made  above  450°  C.  the  oxide  had  a  slight  greenish 
color  apparently  due  to  superficial  reduction,  and  low  results 
were  obtained.  However,  if  concentrated  nitric  acid  was 
added  to  such  a  residue  and  then  removed  by  evaporation, 
the  oxide  regained  its  normal  appearance  and  proper  weight. 
In  the  separation  of  stannic  oxide  from  tungstic  oxide,  there¬ 
fore,  it  is  best  to  ignite  with  ammonium  iodide  at  a  tempera¬ 
ture  between  400°  and  450°  C.,  but  if  too  high  a  temperature 
happens  to  be  used  the  residue  can  be  oxidized  back  with  nitric 
acid. 

Table  V.  Separation  of  Stannic  Oxide  from  Silica 


SnC>2 

SiOj 

SiO, 

Difference 

Taken 

Taken 

Recovered 

Error 

Gram 

Gram 

Gram 

Gram 

0.0923 

0  0020 

0.0021 

+  0.0001 

0. 1197 

0  0016 

0.0018 

+0.0002 

0.1930 

0.0009 

0.0012 

+0.0003 

0.1230 

0.0021 

0.0019 

-0.0002 

0.0992 

0.0022 

0.0019 

-0.0003 

0.1196 

0.0007 

0.0007 

±0  0000 

In  Table  V  are  shown  the  results  of  experiments  on  the 
separation  of  stannic  oxide  from  silica. 

In  order  to  give  a  material  similar  to  that  likely  to  be  met 
with  in  tin  oxide  precipitates  contaminated  with  silica,  that 
used  in  these  trials  was  dehydrated  silicic  acid  prepared  by 
ignition,  rather  than  crystalline  silica.  The  samples  were 
mixed  with  about  ten  times  their  weight  of  ammonium  iodide, 
and  the  ignitions  were  conducted  over  a  Bunsen  burner  at 
low  red  heat,  no  attempt  at  exact  temperature  control  being 
made.  The  separation  was  satisfactory.  For  the  purpose 
of  correcting  the  weight  of  an  impure  stannic  oxide  precipitate 
contaminated  with  silica  it  is  believed  that  this  ammonium 
iodide  volatilization  method  is  probably  more  accurate,  as 
well  as  more  convenient,  than  the  usual  treatment  with  hydro¬ 
fluoric  and  sulfuric  acids,  since  the  new  method  is  conducted 
in  the  porcelain  crucible  used  for  igniting  the  oxide,  whereas 
the  other  method  necessitates  transference  to  a  platinum 
vessel.  In  addition,  the  process  described  here  is  somewhat 
more  rapid. 

Application  to  Determination  of  Tin  in  Alloys 

It  is  commonly  recognized  that  the  ignited  stannic  oxide 
resulting  from  the  nitric  acid  treatment  of  such  alloys  as 
brasses  and  bronzes  is  so  contaminated  with  various  impurities 
that,  when  exact  results  are  desired,  it  must  be  subjected  to 
some  purification  process.  Practically  the  only  method 
heretofore  available  for  the  treatment  of  such  impure  tin 
oxide  has  been  the  sodium  carbonate  and  sulfur  fusion  process 
of  Rose.  This  method  is  laborious  and  time-consuming, 
especially  when  a  second  treatment  is  required,  which  is  often 
the  case.  Furthermore,  several  sources  of  error  are  inherent 
in  it,  such  as  that  resulting  from  the  introduction  of  silica  by 
the  action  of  the  fusion  mixture  on  the  crucible.  Treatment 
with  ammonium  iodide  volatilizes  stannic  oxide  quantitatively 
from  synthetic  mixtures  of  oxides  that  resemble  in  composition 
the  impure  tin  oxide  obtained  from  ordinary  brasses  or 
bronzes,  for,  if  alloys  containing  arsenic,  antimony,  or  phos¬ 
phorus  are  excepted,  the  usual  contaminants  of  the  tin  pre¬ 
cipitate  are  ferric  oxide,  cupric  oxide,  lead  oxide,  zinc  oxide, 
and  nickel  oxide.  Actually,  according  to  quantitative  data 
furnished  by  Hillebrand  and  Lundell  (2),  and  more  extensively 
by  Tilk  and  Holtje  ( 6 ),  ferric  oxide  and  cupric  oxide  are  the 
chief  impurities,  the  others  being  normally  present  in  almost 
negligible  amounts.  When  applied  to  the  purification  of  actual 
precipitates  the  ammonium  iodide  volatilization  method  was 
found  to  be  very  satisfactory.  In  simplicity  and  time  re¬ 
quired  it  is  decidedly  superior  to  the  fusion  method,  and 
appears  to  yield  more  consistent  and  accurate  results.  The 
procedure  used  in  these  test  analyses  and  recommended  for 
general  use  is  as  follows. 

Procedure 

Ignite  the  separated  metastannic  acid  to  constant  weight  in  a 
porcelain  crucible.  Then  add  to  the  impure  tin  oxide  about 
fifteen  times  its  weight  of  powdered  ammonium  iodide,  and  mix 
the  two  in  the  crucible  intimately  by  means  of  a  small  spatula. 
Place  the  charged  crucible  in  an  electric  crucible  or  muffle  furnace 
maintained  between  425°  and  475°  C.  Allow  it  to  remain  there 
until  all  fumes  have  ceased  to  come  from  the  crucible,  about  15 
minutes.  Then  remove  the  crucible  and,  after  having  allowed  it 
to  cool  sufficiently,  add  2  to  3  ml.  of  concentrated  nitric  acid. 
Evaporate  to  dryness  on  the  hot  plate  and  cautiously  decompose 
the  residual  nitrates  over  a  low  burner  flame.  Follow  this  by 
ignition  at  low  red  heat  to  constant  weight.  The  difference  be¬ 
tween  this  weight  and  the  original  weight  gives  the  amount  of  pure 
stannic  oxide  present.  A  suitable  correction  should  be  applied 
if  there  is  a  weighable  amount  of  nonvolatile  matter  in  the  am¬ 
monium  iodide.  To  continue  the  analysis,  dissolve  the  oxide 
residue  out  of  the  crucible  by  digestion  with  a  few  milliliters  of 
hot  concentrated  hydrochloric  acid.  Dilute  the  resulting  solu¬ 
tion  and  filter  it  to  remove  small  amounts  of  silica  that  may  come 
from  the  filter  paper  ash.  Finally  add  the  solution  and  washings 
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to  the  filtrate  being  evaporated  down  for  the  determination  of 
lead  as  sulfate.  The  remainder  of  the  analysis  is  conducted  in  the 
usual  way. 

Results  of  Test  Analyses 

Twelve  consecutive  determinations  of  the  tin  content  of 
Bureau  of  Standards  brass  sample  No.  37b  using  5.000- 
gram  samples  and  several  variations  in  the  method  of  separat¬ 
ing  the  metastannic  acid  with  1  to  1  nitric  acid  yielded  the 
following  percentage  values  based  upon  the  weights  of  the 
impure  tin  oxide:  1.09,  1.06,  1.11,  1.08,  1.09,  1.08,  1.07, 
1.04,  1.05,  1.06,  1.06,  and  1.06.  After  purification  of  the 
precipitates  by  the  above  method  the  corresponding  values 
were  1.00,  0.99,  1.00,  0.98,  0.99,  0.99,  1.00,  0.99,  0.99,  0.97, 
0.98,  and  0.98,  the  average  being  0.99.  Though  the  per¬ 
centages  of  tin  based  upon  the  weight  of  impure  oxide  show  a 
range  of  0.07  per  cent,  due  in  part  to  deliberate  variations  in 
the  method  of  treatment  in  order  to  introduce  varying 
amounts  of  impurities,  the  values  after  purification  show  a 
range  of  only  0.03  per  cent  between  the  extreme  results.  The 
value  established  at  the  Bureau  of  Standards  on  this  sample 
was  1.00  per  cent  using  a  volumetric  method,  while  the  co¬ 
operating  analysts  obtained  by  various  gravimetric  and 
volumetric  procedures  the  percentages  0.99,  0.98,  0.91,  0.99. 
1.01,  0.97,  0.99,  1.02,  0.98,  and  1.03,  the  over-all  average  of 
0.99  per  cent  being  identical  with  the  average  of  the  present 
determinations. 

The  above  procedure  can  also  be  applied  to  certain  alloys 
that  contain  a  higher  percentage  of  tin,  such  as  ordinary 
bronzes.  It  is  even  applicable  to  bronzes  that  contain  a 
small  proportion  of  antimony  if  the  latter  is  known  or  deter¬ 
mined  and  allowance  is  made  for  the  corresponding  amount 
of  antimony  oxide  that  is  volatilized  along  with  the  stannic 
oxide  during  the  ignition  with  ammonium  iodide.  While 
this  method  involves  the  use  of  a  double  correction,  it  ap¬ 
parently  yields  satisfactory  results,  as  shown  by  test  deter¬ 
minations  made  on  Bureau  of  Standards  cast  bronze  sample 


No.  52.  For  these  1.0000-gram  samples  were  taken,  and  for 
the  antimony  content  the  stated  average  value,  0.16  per 
cent,  was  used.  Six  consecutive  determinations  gave  the 
following  final  values  for  the  tin  content:  7.85,  7.86,  7.87, 
7.85,  7.87,  and  7.88,  the  average  being  7.86  per  cent.  The 
value  established  at  the  Bureau  of  Standards  was  7.88  per 
cent,  while  the  cooperating  analysts  obtained  percentages 
ranging  from  7.80  to  7.99,  the  over-all  average  being  7.90 
per  cent.  In  the  case  of  this  sample  also  the  results  were  not 
only  accurate  but  very  consistent,  the  range  between  the 
extreme  values  of  the  single  determinations  being  but  0.03 
per  cent. 

Discussion 

It  is  believed  that  this  general  method  for  the  separation  of 
stannic  oxide  represents  a  distinct  advance  over  methods 
previously  proposed,  not  only  from  the  standpoint  of  accuracy, 
but  also  in  respect  to  simplicity  of  manipulation  and  the 
rapidity  with  which  results  can  be  obtained.  The  ammonium 
iodide  volatilization  method  can  be  applied  to  separations 
and  materials  other  than  those  considered  in  this  present 
paper. 
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The  Ignition  of  Silicic  Acid 

KNUT  A.  KRIEGER  and  HIRAM  S.  LUKENS 
John  Harrison  Laboratory  of  Chemistry,  University  of  Pennsylvania,  Philadelphia,  Pa. 


SEVERAL  years  ago,  one  of  us  was  disturbed  upon  being 
presented  with  a  platinum  crucible  containing  a  jet- 
black  substance  which  was  stated  to  be  the  product  obtained 
on  igniting  a  sample  of  silica  separated  in  the  course  of  an 
ordinary  analysis  of  a  silicate.  On  interrogating  the  student, 
it  was  learned  that  the  moist  silicic  acid,  on  a  wet  filter  paper, 
had  been  placed  in  a  well-covered  crucible  and  the  vessel 
and  contents  had  been  immediately  subjected  to  the  highest 
temperature  attainable  with  a  large  Meker  burner.  In  the 
belief  that  the  color  was  due  to  carbon,  the  uncovered  crucible 
and  contents  were  heated  for  several  hours  without  effecting  a 
detectable  change  in  appearance  or  in  weight.  By  means  of  a 
suitable  porcelain  cover  and  inlet  tube,  oxygen  was  supplied 
to  the  crucible  and  the  contents  were  heated  for  a  6-hour 
period  in  that  atmosphere.  The  contents  were  unaltered 
in  appearance  and  lost  but  1.5  mg.  in  weight.  A  second  and 
third  heating  for  6-hour  periods  produced  a  total  loss  of  3  mg. 
in  weight.  The  color  changed  from  black  to  dark  gray. 

These  observations  suggested  to  the  writers  that  some  com¬ 
pound  of  silicon  might  be  responsible  for  the  observed  resist¬ 
ance  to  oxidation,  although  no  reference  to  compound  forma¬ 
tion  under  these  conditions  could  be  found  in  the  literature. 
To  test  this  supposition,  silica  was  precipitated  from  solutions 
of  sodium  silicate  by  the  addition  of  hydrochloric  acid,  washed 
repeatedly  by  stirring  and  decantation  to  remove  sodium 


chloride,  and  collected  on  quantitative  filter  paper  (Whatman 
No.  42,  7  cm.).  Samples,  while  wet,  were  put  in  covered 
crucibles  of  platinum  and  of  sillimanite,  and  immediately 
placed  over  Meker  burners.  Provided  the  silica  and  filter 
paper  were  wet  and  the  crucibles  covered,  the  ignition  product 
was  invariably  dark  in  color.  On  treating  the  product  with 
hydrofluoric  acid  and  evaporating  to  dryness,  a  black  powder 
was  obtained  which  always  left  a  small,  black  residue  when 
ignited  in  the  air.  On  examination  under  the  polarizing 
microscope,  this  residue  was  found  to  be  silicon  carbide,  SiC. 
A  few  imperfect,  greenish  blue  crystals  were  found  in  one  sam¬ 
ple,  which  gave  evidence  of  the  characteristic  pleochroism. 
The  index  of  refraction  of  this  substance  was  found  to  be 
higher  than  that  of  methylene  iodide  ( N  =  1.74),  thus 
definitely  excluding  the  possibility  that  the  substance  was 
merely  silica  mechanically  darkened  by  carbon. 

It  is  presumed  that  the  carbide  is  produced  by  the  action 
of  the  carbon,  hydrocarbons  or  carbon  monoxide,  and  hydro¬ 
gen  resulting  from  the  ignition  of  the  wet  filter  paper,  al¬ 
though  the  temperature  attained  in  a  20-cc.  platinum  crucible, 
when  heated  under  the  conditions  of  the  experiments,  was 
never  higher  than  930°  to  950°  C.,  as  determined  by  means 
of  a  platinum-platinum  rhodium  thermocouple. 

Received  January  8,  1936. 


Determining  Copper  in  the  Presence  of 

Interfering  Elements 

A  Modified  Iodometric  Method 

H.  V.  FOOTE  AND  JOHN  E.  VANCE,  Yale  University,  New  Haven,  Conn.  . 


THE  usual  iodometric  method  of  determining  copper  con¬ 
sists  essentially  of  adding  a  soluble  iodide  to  a  solution 
of  a  cupric  salt  and  titrating  the  liberated  iodine  with  stand¬ 
ard  thiosulfate.  In  a  recent  article  (I)  the  writers  have  shown 
that,  if  a  soluble  thiocyanate  is  added  to  the  solution  just  be¬ 
fore  the  end  point  is  reached,  some  additional  iodine  is  liber¬ 
ated  and  the  reaction  runs  to  completion  in  stoichiometric 
proportions.  The  end  point  is  extremely  sharp,  partly  be¬ 
cause  of  the  greater  insolubility  of  cuprous  thiocyanate  and 
partly  because  the  precipitate  is  white  and  retains  no  ad¬ 
sorbed  iodine. 

The  present  article  gives  the  results  obtained  by  using  this 
modified  method  to  determine  copper  in  the  presence  of  penta- 
valent  arsenic  and  antimony,  and  ferric  iron.  These  are  the 
only  elements  commonly  associated  with  copper  which  liber¬ 
ate  iodine  from  iodides  and  thus  make  the  titration  unreliable. 
All  these  elements,  in  their  lower  valences,  can  reduce  iodine 
and  in  that  way  also  lead  to  incorrect  results.  It  is,  however, 
a  simple  matter  to  insure  the  presence  of  the  higher  valence 
only,  so  that  this  latter  type  of  interference  need  not  occur. 
The  possible  interference  of  selenium  and  manganese  has  also 
been  considered. 

The  interference  of  pentavalent  arsenic  (arsenic  acid)  and 
ferric  iron  in  the  usual  iodometric  method  for  copper  has  been 
investigated  recently  by  Park  (S)  who  found  that  arsenic  acid 
offered  the  chief  difficulty.  On  account  of  its  oxidizing  char¬ 
acter  in  the  presence  of  mineral  acids,  he  found  it  necessary 
to  reduce  the  hydrogen-ion  concentration  by  means  of  buffer 
solutions,  but  encountered  the  difficulty,  which  was  not  new, 
that  the  liberation  of  iodine  by  the  cupric  salt  was  excessively 
slow  at  the  low  acidity.  He  abandoned  the  use  of  acetates 
for  this  reason  and  used  a  buffered  phthalic  acid  solution. 
To  what  extent  the  reaction  runs  in  stoichiometric  propor¬ 
tions  under  these  conditions  is  not  clear,  as  he  standardized 
his  thiosulfate  with  copper.  Park  found,  in  accordance  with 
Mott  (2)  and  others,  that  a  soluble  fluoride  eliminated  all 
difficulty  with  the  iron.  The  latter  is  converted  to  a  complex 
fluoride  insufficiently  dissociated  to  liberate  iodine  from  po¬ 
tassium  iodide. 

Experimental 

Metallic  copper  was  from  the  sample  used  in  the  previous 
investigation  ( 1 ),  and  contained  99.955  per  cent  of  copper. 
Arsenic  was  used  in  the  form  of  H2KASO4,  and  antimony  as  a 
potassium  antimonate  containing  46.5  per  cent  of  the  metal. 
A  standardized  solution  of  ferric  nitrate  furnished  the  iron. 
Thiosulfate  solutions  were  standardized  by  means  of  resub- 

1  limed  iodine  and  the  copper  equivalent  was  calculated. 
While  equally  good  or  better  results  could  be  obtained  by 
standardizing  with  copper,  the  authors  considered  it  essential 
to  use  iodine  as  a  standard  in  order  to  determine  to  what  ex¬ 
tent  the  reaction  2CuT  ^  2CuI  +  I2  runs  to  completion  dur¬ 
ing  the  titration.  The  thiosulfate  solutions  changed  slightly 
in  strength  during  the  work  and  were  frequently  restandard¬ 
ized. 

I  In  preliminary  experiments  the  authors  determined  em¬ 
pirical  proportions  of  sulfuric  and  acetic  acids  and  ammonia 
which  would  yield  a  buffer  solution  of  sufficiently  high  pH  to 


prevent  the  oxidation  of  an  iodide  to  free  iodine  by  arsenic 
acid.  The  buffer  solution  adopted  contained  the  equivalent 
of  9.3  cc.  of  6  A  sulfuric  acid,  22.8  cc.  of  6  A  acetic  acid,  and 
12.6  cc.  of  6  A  ammonia.  This  mixture  in  a  total  volume  of 
60  cc.  has  a  pH  value  approximating  3.7  as  determined  by  the 
hydrogen  electrode.  These  proportions  were  used  in  all  de¬ 
terminations  given  below.  An  acetate  solution  of  this  pH 
practically  cannot  be  used  in  the  usual  iodometric  determina¬ 
tion  of  copper.  In  the  presence  of  a  thiocyanate,  however, 
the  reaction  is  rapid  and  the  end  point  exceedingly  sharp. 

In  all  determinations  given  below  the  following  procedure 
was  used : 

Known  weights  of  copper  were  dissolved  in  nitric  acid  and  9.3 
cc.  of  6  A  sulfuric  acid,  together  with  the  interfering  elements, 
added  to  the  solution.  The  solution  was  then  evaporated  until 
all  nitric  acid  was  removed.  After  evaporation  the  residues  were 
dissolved  in  20  cc.  of  water  and  the  acetic  acid  and  ammonia 
added  in  the  volumes  noted  above;  the  acetic  acid  was  added 
first  so  that  the  solution  was  always  acid.  When  iron  was  pres¬ 
ent  the  solution  was  deeply  colored  at  this  point.  A  basic  pre¬ 
cipitate  containing  iron  may  form,  particularly  if  arsenic  is  pres¬ 
ent.  One  to  two  grams  of  sodium  fluoride  were  next  added,  if 
iron  were  present,  which  immediately  removed  all  color  of  iron 
and  dissolved  any  precipitate.  Usually  a  slight,  apparently 
crystalline  precipitate  appeared  at  this  point  (Na3FeF6?)  which, 
however,  in  no  way  interfered  with  the  titration.  After  adding 
potassium  iodide,  the  titration  was  carried  out  until  most  of  the 
iodine  was  removed,  then  starch  solution  was  added  and,  when 
the  end  point  was  nearly  reached,  2  to  3  grams  of  ammonium 
thiocyanate,  and  the  titration  was  completed. 

Certain  details  of  the  above  procedure  require  mention. 

1.  The  complete  removal  of  nitric  acid  was  found  to  be 
necessary,  not  because  nitric  acid  itself  interferes  in  the  titra¬ 
tion,  but  because  it  appears  to  break  down  as  the  last  of  it  is 
removed  by  evaporation  from  the  strong  sulfuric  acid  and  the 
resulting  nitrogen  oxides  liberate  iodine  later  in  the  analysis. 
Blank  tests  in  the  absence  of  copper  showed  this  conclusively 
and  determinations  of  copper,  in  which  the  nitric  acid  was 
purposely  not  removed  entirely,  gave  high  results.  The  ni¬ 
tric  acid  can  be  removed  conveniently  either  by  evaporating 
until  the  sulfuric  acid  fumes  strongly,  or  by  carrying  out  the 
first  evaporation  until  salts  begin  to  crystallize  and  evaporat¬ 
ing  a  second  time  after  adding  a  small  volume  of  hydrochloric 
acid.  Both  methods  were  used  indiscriminately.  Where 
there  is  difficulty  with  spattering,  the  second  method  is  more 
convenient. 

2.  All  evaporations  were  made  by  boiling  the  solutions, 
usually  in  300-cc.  flasks,  over  a  free  flame,  holding  the  flasks 
nearly  horizontal.  To  show  that  losses  from  this  treatment 
were  negligible,  two  solutions  containing  known  amounts  of 
copper  were  evaporated  repeatedly  in  the  manner  described, 
adding  20  cc.  of  liquid  to  the  residue  after  each  evaporation. 
The  loss  in  copper  after  ten  such  evaporations  was  less  than 
could  be  detected  by  analysis. 

3.  The  amount  of  sulfuric  acid  used  can  be  varied,  but 
there  should  be  a  corresponding  variation  in  the  amount  of 
ammonia.  The  authors  chose  to  use  10  rather  than  5  cc. 
(used  in  the  previous  work)  because  evaporation  and  subse¬ 
quent  solution  in  water  are  a  little  easier,  particularly  in  the 
presence  of  rather  large  amounts  of  salts. 


119 


120 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  2 


Table  I. 

Determination  of  Copper  in  Absence  of 
Interfering  Elements 

(1  to  7,  volume  buret  used; 

8  to  17,  weight  buret  used) 

No. 

Pure  Cu  Taken 

Cu  Found 

Error 

Gram, 

Gram 

Mg. 

I 

0.1641 

0.1641 

0 

2 

0  1971 

0.1970 

-0.1 

3 

0.3208 

0.3211 

+0.3 

4 

0  1592 

0.1591 

-0.1 

5 

0.2198 

0.2197 

-0.1 

6 

0  1784 

0.1785 

+0.1 

7 

0  3034 

0.3034 

0 

8 

0  1529 

0.1532 

+  0.3 

9 

0 . 2028 

0.2031 

+0.3 

10 

0 . 2585 

0.2586 

+  0.1 

11 

0.3028 

0 . 3033 

+  0.5 

12 

0 . 3543 

0.3547 

+  0.4 

13 

0.1559 

0.1558 

-0.1 

14 

0 . 2008 

0.2011 

+  0.3 

15 

0.2509 

0.2511 

+0.2 

16 

0  3027 

0.3030 

+0.3 

17 

0.3570 

0.3575 

+0.5 

Table 

II.  Determination  of 

Copper  in  Presence 

of  Trivalent 

Iron 

(1  to  8,  volume  buret;  9  to  18,  weight  buret) 

No. 

Fe 

Pure  Cu  Taken  Cu  Found 

Error 

Gram 

Gram 

Gram 

Mg. 

1 

0.069 

0.1536 

0.1536 

0 

2 

0.069 

0  1785 

0.1787 

+0.2 

3 

0.069 

0  2149 

0.2149 

0 

4 

0  069 

0  3031 

0.3033 

+0.2 

5 

0.138 

0  1595 

0  1597 

+0.2 

6 

0.138 

0.1918 

0.1918 

0 

7 

0  069 

0.2294 

0.2293 

+0.1 

8 

0.069 

0  3076 

0  3078 

+0.2 

9 

0.069 

0  1546 

0.1546 

0 

10 

0  069 

0.2015 

0.2017 

+0.2 

11 

0.069 

0.2548 

0.2548 

0 

12 

0  069 

0 . 3027 

0.3029 

+0.2 

13 

0.069 

0  3542 

0.3545 

+0.3 

14 

0.138 

0  1525 

0.1527 

+0.2 

15 

0.207 

0  2032 

0  2031 

-0.1 

16 

0.104 

0  2744 

0.2747 

+0.3 

17 

0.138 

0  3354 

0  3359 

+0.5 

18 

0.138 

0.4021 

0.4028 

+  0.7 

Table  III. 

Determination  of  Copper  in  Presence  of 

Pentavalent  Arsenic 

(1  to  8,  volume  buret;  9  to  17, 

weight  buret) 

No. 

As 

Pure  Cu  Taken 

Cu  Found 

Error 

Gram 

Gram 

Gram 

Mg. 

1 

0.125 

0.1637 

0.1639 

+0.2 

2 

0.08 

0.2138 

0.2138 

0 

3 

0.08 

0.2100 

0.2103 

+0.3 

4 

0.17 

0  3090 

0.3092 

+0.2 

5 

0.04 

0.1788 

0.1789 

+0.1 

6 

0.08 

0.2098 

0.2100 

+0.2 

7 

0.125 

0.2385 

0.2387 

+0.2 

8 

0.17 

0 . 3040 

0 . 3042 

+0.2 

9 

0.04 

0.1033 

0.1034 

+0.1 

10 

0.08 

0.1501 

0 . 1504 

+0.3 

11 

0.126 

0.2041 

0.2047 

+  0.6 

12 

0.21 

0  3024 

0.3023 

-0.1 

13 

0.25 

0.3502 

0  3504 

+0.2 

14 

0.29 

0.4019 

0 . 4023 

+0.4 

15 

0.33 

0.4412 

0 . 4422 

+  1-0 

16 

0.125 

0.1547 

0.1549 

+0.2 

17 

0.33 

0.3004 

0.3004 

0 

4.  In  adding  acetic  acid  and  ammonia  it  was  found  best 
to  add  them  in  the  order  mentioned,  so  that  the  solution 
never  became  basic.  If  the  reverse  order  is  used,  the  pre¬ 
cipitate  produced  by  ammonia  is  somewhat  difficult  to  dis¬ 
solve.  Further,  in  the  presence  of  manganese,  it  is  essential 
to  add  the  acetic  acid  first,  as  will  be  shown  later. 

5.  The  addition  of  sodium  fluoride  is,  of  course,  necessary 
only  when  iron  is  present.  It  not  only  prevents  the  ferric 
iron  from  liberating  iodine  when  potassium  iodide  is  added, 
but  it  also  completely  prevents  the  ferric  thiocyanate  color 
when  a  thiocyanate  is  added  near  the  end  point.  One  gram 
of  sodium  fluoride  is  sufficient  for  somewhat  more  than  0.1 
gram  of  iron. 

6.  Roughly,  half  the  determinations  were  made  with  a 
calibrated  volume  buret  and  the  others  with  a  weight  buret. 
With  the  latter,  somewhat  larger  amounts  of  copper  could  be 
determined,  but  the  percentage  error  by  the  two  methods  was 
nearly  the  same. 


Determination  of  Copper  Alone  and  in  the 
Presence  of  Iron  and  Arsenic 

The  results  obtained  on  copper  alone  are  given  in  Table  I. 
This  series  of  determinations  was  carried  out  in  order  to  show 
definitely  that  the  method  was  reliable  at  the  rather  high 
pH  necessary  to  prevent  the  oxidation  of  iodides  by  arsenic 
acid.  The  highest  pH  of  the  solutions  in  the  authors’  pre¬ 
vious  work  was  approximately  2.0,  and  iodides  are  oxidized 
freely  by  arsenic  acid  at  that  hydrogen-ion  concentration. 
Tables  II,  III,  and  IV  give  the  results  on  copper  in  the  pres¬ 
ence  of  iron,  of  arsenic,  and  of  both  iron  and  arsenic,  respec¬ 
tively. 

Tables  II,  III,  and  IV  show  that  neither  iron  nor  arsenic 
when  present  alone  interferes  with  the  copper  determination 
under  the  conditions  used  even  though  either  may  be  present 
in  fairly  large  amounts;  further,  when  iron  and  arsenic  are 
present  together,  they  do  not  interfere  when  present  in  mod¬ 
erate  amounts.  Although  the  amounts  of  iron  and  arsenic 
shown  in  Table  IV  are  in  excess  of  the  amounts  likely  to  be 
encountered  in  copper  ores,  it  seemed  of  interest  to  find  the 
quantities  of  these  two  elements  which  would  limit  the  appli¬ 
cability  of  the  method  when  they  were  both  present.  Table 
V  gives  these  results. 

The  results  are  low,  owing  to  the  formation  of  a  precipitate, 
presumably  an  iron  arsenate,  which  contains  some  copper. 
No  entirely  definite  fine  can  be  drawn  between  amounts  which 
do  and  which  do  not  vitiate  the  method,  but  a  rather  close  idea 
can  be  obtained  from  the  values  in  Tables  IV  and  V.  The  use 
of  a  larger  volume  of  solution  did  not  solve  the  difficulty.  If, 
in  practice,  such  excessive  amounts  of  iron  and  arsenic  were 
found,  it  might  well  be  possible  to  avoid  the  difficulty  by  using 
a  smaller  sample  of  material. 

Determination  of  Copper  in  the  Presence 
of  Antimony 

Pentavalent  antimony  in  solution  behaves  very  similarly 
to  pentavalent  arsenic  as  an  oxidizing  agent.  At  the  pH  used 
in  all  the  authors’  determinations  it  liberates  iodine  only  in 
traces  with  extreme  slowness  and  offers  no  difficulty  on  this 
account.  Antimonic  acid,  however,  is  rather  insoluble  under 


Table  IV.  Determination  of  Copper  in  Presence  of 
Trivalent  Iron  and  Pentavalent  Arsenic 


(1  to  7,  volume  buret;  8  to  9,  weight  buret) 


No. 

Fe 

As 

Pure  Cu  Taken 

Cu  Found 

Error 

Gram 

Gram 

Gram 

Gram 

Mg. 

1 

0.069 

0.04 

0.2072 

0.2071 

-0.1 

2 

0  069 

0.08 

0 . 1623 

0.1619 

-0.4 

3 

0.035 

0.17 

0 . 3006 

0 . 3007 

+0.1 

4 

0  069 

0.17 

0.1571 

0.1571 

0 

5 

0.069 

0.125 

0.2316 

0.2314 

-0.2 

6 

0.035 

0.08 

0.1887 

0 . 1892 

+0.5 

7 

0.139 

0.04 

0 . 3029 

0.3032 

+0.3 

8 

0.069 

0  04 

0  3016 

0.3016 

0 

9 

0.069 

0.04 

0.3036 

0.3038 

+0.2 

Table  V.  Determination  of  Copper  in  Presence  of 
Larger  Amounts  of  Both  Trivalent  Iron  and  Pentavalent 

Arsenic 


(Weight  buret  used) 


No. 

Fe 

As 

Pure  Cu  Taken 

Cu  Found 

Error 

Gram 

Gram 

Gram 

Gram 

Mg. 

1 

0.035 

0.21 

0.3020 

0.3015 

-0.5 

2 

0.207 

0.21 

0.3005 

0.2999 

-0.6 

3 

0.138 

0.29 

0.1512 

0.1509 

-0.3 

4 

0.069 

0.21 

0.1496 

0.1492 

-0.4 

5 

0.069 

0.21 

0.4522 

0.4516 

-0.7 

6 

0.069 

0.42 

0.3010 

0 . 3000 

-1.0 

7 

0.069 

0.29 

0 . 3002 

0 . 2989 

-1.3 

8 

0.069 

0.42 

0.3017 

0.3004 

-1.3 

9 

0.069 

0.42 

0 . 3035 

0.3023 

-1.2 

10 

0.069 

0.42 

0.3028 

0.3012 

-1.6 

11 

0.207 

0.29 

0.3026 

0 . 3009 

-1.7 

12 

0.138 

0.29 

0.4541 

0.4510 

-3.1 
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the  conditions  necessary  for  the  titration  and  when  it  precipi¬ 
tates  it  always  adsorbs  small  amounts  of  copper.  This  be¬ 
havior  is  very  similar  to  that  of  metastannic  acid.  When¬ 
ever  antimony  is  present  in  considerable  amounts,  therefore, 
the  results  are  low.  Table  VI  gives  these  results.  Roughly, 
the  limit  of  solubility  of  antimonic  acid  in  the  solution  used 
corresponds  to  0.020  gram  of  antimony  and  this  value  thus 
gives  the  limiting  amount  of  antimony  which  wall  cause  no 
difficulty  in  the  titration. 


Table  VI.  Determination  of  Copper  in  Presence  of 
PenTA VALENT  ANTIMONY 

(1  to  3  and  6,  volume  buret;  4,  5,  and  7,  weight  buret) 


No. 

Sb 

Pure  Cu  Taken 

Cu  Found 

Error 

Gram 

Gram 

Gram 

Mg. 

1 

0.005 

0.1569 

0.1564 

-0.5 

2 

0.005 

0.2111 

0.2112 

+0.1 

3 

0.005 

0.1792 

0.1792 

0 

4 

0.009 

0.2039 

0.2039 

0 

5 

0.019 

0.2044 

0.2045 

+0.1 

6 

0.024 

0.3042 

0.3029 

—  1  3 

7 

0.038 

0 . 2037 

0.2020 

-1.7 

Determination  of  Copper  in  the  Presence 
of  Selenium 

Selenic  acid  is  a  strong  oxidizing  agent,  and  would,  if  pres¬ 
ent,  liberate  iodine.  Under  the  conditions  of  the  analysis, 
however,  the  element  appears  to  be  oxidized  only  to  selenious 
acid  and  does'  not  interfere.  The  results  obtained  are  given 
in  Table  VII. 

Table  VII.  Determination  of  Copper  in  Presence  of 
Selenium 

(Weight  buret  used) 


Se 

Pure  Cu  Taken 

Cu  Found 

Error 

Gram 

Gram 

Gram 

Mg. 

0.005 

0.2013 

0.2013 

0 

0  0505 

0.2020 

0.2018 

-0.2 

Determination  of  Copper  in  the  Presence 
of  Iron  and  Manganese 

The  need  to  determine  copper  in  the  presence  of  appreciable 
amounts  of  iron  and  manganese  is  rare  and  the  authors  would 
not  have  considered  the  matter  except  that  Park  ( S )  states 
that  in  the  presence  of  both  these  metals  the  results  on  copper 
are  high,  and  gives  data  to  show  this  effect.  Disregarding 
his  explanation,  it  seemed  probable  that  the  difficulty  was  due 
to  the  fact  that  in  preparing  his  buffer  solutions,  Park  made 
them  ammoniacal  before  acidifying  with  phthalic  acid,  and 
manganous  hydroxide,  as  is  well  known,  forms  a  higher  oxide 
rather  rapidly  when  exposed  to  air.  This,  of  course,  would 
liberate  iodine  later  in  the  analysis.  The  authors  therefore 
carried  out  a  number  of  determinations  in  the  presence  of 
manganese  alone  and  in  the  presence  of  manganese  and  iron. 
The  results  are  given  in  Table  VIII. 

Table  VIII.  Possible  Effect  of  Manganese  on 
Determination  of  Copper 

All  the  determinations  were  carried  through  as  usual  except  that  in  Nos.  1 
md  2  the  ammonia  was  added  before  the  acetic  acid  and  the  ammoniacal 
solutions  allowed  to  stand  5  minutes  before  acidifying.) 


Pure  Cu 

MnSCL 

Fe 

Cu  Equivalent 
of  Iodine 
Liberated 

Gram 

Gram 

Gram 

None 

0.55 

None 

0.0029 

None 

0.55 

0.138 

0.0075 

None 

0.55 

None 

None 

None 

0.55 

0.138 

None 

0.2111 

0.55 

0.138 

0.2106 

0.1838 

0.28 

0.069 

0.1837 

t  Nos.  1  and  2  in  Table  VIII  show  the  considerable  effect 
lue  to  manganese  alone  or  in  the  presence  of  iron,  when  the 
'  olutions  were  allowed  to  become  alkaline.  Both  effects  are 


greater  than  those  obtained  by  Park,  probably  because  the 
solutions  were  purposely  allowed  to  stand,  while  ammoniacal, 
for  some  time  in  order  to  intensify  the  effect.  Apparently  the 
presence  of  iron  hydroxide  catalyzes  the  oxidation  of  the  man¬ 
ganese,  which  accounts  for  the  fact  that  Park  found  the  effect 
of  manganese  appreciable  only  in  the  presence  of  iron.  Nos. 
3  to  6  show  that  manganese  and  iron  do  not  affect  the  results 
if  the  solution  is  not  allowed  to  become  ammoniacal. 

Summary 

By  using  a  modified  iodometric  method  described  recently, 
and  controlling  the  hydrogen-ion  concentration,  copper  may 
be  determined  accurately  in  the  presence  of  pentavalent  anti¬ 
mony  and  arsenic.  The  addition  of  a  soluble  fluoride  (as  first 
suggested  by  Mott)  prevents  the  interference  of  iron  and  does 
not  interfere  with  the  accuracy  of  the  determination.  These 
are  the  only  elements  commonly  associated  with  copper  which 
interfere  in  the  usual  iodometric  determination.  Selenium 
does  not  interfere  under  the  conditions  used.  An  explanation 
of  the  reported  interference  of  a  mixture  of  manganese  and 
iron  has  been  found.  Under  suitable  conditions,  these  ele¬ 
ments  do  not  interfere. 

The  method  is  reliable  in  the  presence  of  rather  excessive 
amounts  of  arsenic  and  iron.  In  the  presence  of  antimony  in 
amounts  greater  than  about  20  mg.  antimonic  acid  precipi¬ 
tates  together  with  adsorbed  copper  and  the  results  are  corre¬ 
spondingly  low. 

The  liberation  of  iodine  from  a  soluble  iodide  by  cupric 
copper  takes  place  in  stoichiometric  proportions  under  the 
conditions  used. 
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A  New  Buret  for  Alkali  Titrations 


L.  S.  KEYSER 

University  of  Illinois,  Urbana,  Ill. 

ALTHOUGH  the  ordinary  rubber- 
tipped  buret  has  long  been  recog¬ 
nized  as  not  being  strictly  accurate  for 
alkaline  titration,  it  still  finds  wide  use  in 
many  laboratories.  One  of  the  main  ob¬ 
jections  to  rubber-tipped  burets  is  their 
lack  of  rigidity.  The  modification  pre¬ 
sented  herewith  provides  a  means  whereby 
this  difficulty  is  overcome  and  at  the  same 
time  improves  its  usefulness.  The  new 
type  of  buret  has  been  tried  out  by  several 
individuals  and  all  endorse  it  heartily. 

The  construction  may  be  seen  from  the 
figure.  A  is  a  glass  rod  or  sealed-off  tube 
which  fastens  the  tip  rigidly  in  line  with 
the  main  body  of  the  buret.  B  is  a  short 
piece  of  a  good  grade  of  laboratory  rubber 
tubing  connecting  the  buret  to  the  tip. 
C  as  shown  in  the  diagram  is  a  glass 
bead,  but  obviously  it  could  be  replaced 
by  any  of  the  various  devices  used  in  con¬ 
junction  with  rubber  stopcocks. 

Received  December  31,  1935. 
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Semi-Micromethod  of  Analysis  for  Nitrogen 

ANTHONY  R.  RONZIO,  University  of  Colorado,  Boulder,  Colo. 


Figure  1.  Diagram  of  Apparatus 


THE  Dumas  method  for  nitrogen  (3)  suffers  from  two  im¬ 
portant  drawbacks:  (1)  the  copper  spiral  placed  at  the 
end  of  the  combustion  tube  catalytically  reduces  the  carbon 
dioxide  to  carbon  monoxide,  and  (2)  this  and  the  intermediate 
products  of  combustion  are  often  incompletely  oxidized  unless 
the  burning  produces  not  more  than  two  bubbles  per  3  sec¬ 
onds. 

The  semi-micromethod  described  here  avoids  both  difficul¬ 
ties  by  placing  at  the  end  of  the  tube  a  heated  section  con¬ 
taining  iodine  pentoxide,  made  by  heating  iodic  acid  in  an  oil 
bath  for  an  hour  at  170°  C.  At  this  temperature  a  minute 
amount  of  iodine  pentoxide  is  decomposed,  so  small,  however, 
that  it  may  be  neglected. 

A  section  of  the  crushed  oxide 
13  cm.  long,  a,  is  placed  in  a  com¬ 
bustion  tube  56  cm.  long  and 
1  cm.  in  diameter  (Figure  1). 

The  section  is  kept  dehydrated 
by  enclosing  it  in  a  copper 
jacket,  b,  containing  boiling 
xylene  (b.  p.  about  120°  C.  at 
Boulder,  Colo.,  about  130°  C. 
at  760  mm.).  Since  this  tem¬ 
perature  even  in  high  altitudes 
is  well  above  the  melting  point 
of  iodic  acid  (110°  C.),  the  iodine 
pentoxide  is  kept  sufficiently 
dehydrated  and  active.  The 
xylene  is  heated  by  burner  c. 

Following  this  are  a  section  of 
cupric  oxide  5  cm.  long  and  a 
section  of  reduced  copper  5  cm. 
long.  This  is  followed  by  a  sec¬ 
tion  of  cupric  oxide  15  cm.  long, 
kept  permanently  in  place  by  a 
small  roll  of  copper  gauze.  The 
Pyrex  condenser,  d,  should  have 
at  least  four  bulbs,  each  of  about 
150-cc.  capacity  to  avoid  danger 
from  fire,  and  is  sealed  to  the 
copper  jacket  with  cementite,  e. 

The  asbestos  screens,  /,  prevent 
heating  of  the  nitrometer.  The 
combustion  tube  is  connected 
to  the  nitrometer  by  means  of  a 
rubber  stopper,  g,  which  is  cov¬ 
ered  with  a  short  piece  of  glass 
tubing  to  prevent  diffusion  of 
air  into  the  apparatus.  The 
combustion  stand  and  set-up 
are  similar  to  that  of  Pregl 
(3). 


The  sample,  12  to  20  mg.,  weighed  to  0.01  mg.  on  an  analytical 
balance  (5  to  10  minutes),  should  yield  about  1.0  to  2  cc.  of  nitro¬ 
gen,  and  is  prepared  for  analysis  as  described  by  Pregl.  After 
the  combustion  tube  is  connected  to  the  nitrometer  and  carbon 
dioxide  generator,  the  stopcocks  are  opened  and  the  tube  is 
scrubbed  free  of  air.  While  the  air  is  being  removed,  the  burner, 
c,  is  lighted  and  the  xylene  brought  to  boiling  as  soon  as  possible. 
The  flame  is  then  lowered  so  that  only  gentle 
boiling  occurs  during  the  entire  analysis. 

When  the  tube  is  free  from  air,  the  nitrome¬ 
ter  is  filled  with  potassium  hydroxide  and 
the  combustion  performed  in  the  usual 
manner.  The  rate  of  burning  may  be  such 
that  as  many  as  three  to  four  bubbles  of  gas 
per  second  rise  in  the  nitrometer,  but  a  much 
faster  rate  for  a  few  seconds  does  not  endan¬ 
ger  the  result.  The  time  required  for  burn¬ 
ing  the  sample  is  usually  about  30  to  45 
minutes.  The  complete  determination  from 
the  time  of  weighing  of  the  sample  until  the 
results  are  obtained  usually  requires  an 
hour. 

With  a  freshly  filled  tube  high  results 
are  obtained  for  the  first  7  or  8  analyses, 
because  traces  of  oxygen  are  generated  by 
the  iodine  pentoxide.  This  may  be  re¬ 
moved  from  the  gas  by  washing  with  a  little 
pyrogallol-potassium  hydroxide  solution 
through  funnel  e  (Figure  2).  The  only 
other  difficulty  encountered  in  a  series  of 
over  two  hundred  analyses  was  the  rare 
case  where  methane,  a  difficultly  com¬ 
bustible  gas,  was  generated  as  one  of  the 
products  of  decomposition  of  the  burn¬ 
ing  compound  and  was  not 
completely  burned  (7).  In 
this  case  there  was  no  de¬ 
crease  in  volume  after  wash¬ 
ing  the  gas  first  with  pyro¬ 
gallol-potassium  hydroxide 
solution,  and  then  with 
ammoniacal  cuprous  chloride 
solution. 

With  careful  work  analyses 
do  not  vary  more  than  ±0.05 
per  cent. 

A  modified  nitrometer  de¬ 
vised  for  use  with  this  appara¬ 
tus  (Figure  2)  consists  of  an 
absorption  tube  connected  by 
means  of  a  three-way  stopcock 
to  a  gas  buret  surrounded 
by  a  water  jacket.  The  stop¬ 
cock,  a,  is  a  capillary  three- 
way  stopcock  of  bore  not  ex¬ 
ceeding  1.5  mm.  The  gas 
buret,  b,  is  graduated  in 
0.05  cc.  and  can  be  read  accu¬ 
rately  to  0.01  cc. 

When  the  combustion  is 
finished  the  gas  collected  in 
the  absorption  buret,  d,  is 
transferred  into  the  buret,  b, 
and  the  volume  read  in  the 
usual  manner. 

The  mercuric  iodide  which 
forms  in  the  nitrometer  inlet 


Figure  2.  Modified  Nitrometer 
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should  be  removed  after  about  40  combustions.  It  is  ad¬ 
visable  to  treat  all  rubber  tubing  by  Pregl’s  method  to  pre¬ 
vent  diffusion  of  gases.  Figure  3  shows  a  diagram  of  a  mer¬ 
cury  valve  which  replaces  the  one  used  by  Hein  in  his  Kipp 
generator  (2).  It  is  simpler  and  the  materials  for  making  it 
are  more  easily  available. 

Summary 

The  advantages  of  the  semi-micromethod  for  nitrogen  are: 
an  ordinary  analytical  balance  is  used;  the  sample  may 
usually  be  burned  in  the  same  length  of  time  as  that  required 
for  the  microsample;  using  the  modified  nitrometer,  the  vol¬ 
ume  of  nitrogen  may  be  read  in  2  minutes;  a  sudden  increase 


in  the  evolution  of  gas  above  the  normal  rate  for  a  few  seconds 
has  no  effect  on  the  result;  and  special  training  is  not  neces¬ 
sary  for  accurate  work. 

A  simple  and  easily  made  valve  for  the  Kipp  generator  is 
illustrated. 
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Studying  the  Hardness  of  Butter  Fat 

Apparatus  and  Routine  Procedure 


WILLIS  D.  GALLUP,  Oklahoma  Agricultural  Experiment  Station,  Stillwater,  Okla. 


IN  A  STUDY  of  factors  which  influence  the  physical 
properties  of  butter  fat  there  was  need  for  an  inexpensive 
piece  of  apparatus  which  would  measure  accurately  the 
relative  hardness  of  different  samples  of  butter  fat.  Available 
pieces  of  apparatus  designed  to  measure  the  hardness  of 
materials  of  similar  consistency  were  not  found  applicable 
for  various  reasons,  chief  among  which  were  lack  of  precision 
and  inconvenience  of  operation  within  a  small  constant-tem¬ 
perature  chamber.  Perkins  (2)  in  discussing  several  types  of 
apparatus  used  in  studies  of  fat  hardness  points  out  the  in¬ 
adequacies  of  each  and  describes  a  device  which  determines 
hardness  by  the  depth  of  penetration  into  the  fat  of  standard- 
size  needles  falling  through  a  given  distance.  Apparatus 
based  on  this  principle  require  relatively  large  samples  of 
fat  and  the  application  of  different  weights,  depending  on  the 
hardness  of  the  fat  and  the  diameter  of  the  needle  employed. 
Coulter  and  Hill  ( 1 )  studied  butter  hardness  with  a  modified 
apparatus  designed  to  measure  the  body  of  cheese. 

It  was  desired  to  determine  the  hardness  of  butter  fat  at 
ordinary  temperatures  with  an  apparatus  which  would 
operate  within  a  constant-temperature  water  bath  and  give 
dependable  results  over  a  wide  range  of  values.  After 
building  and  testing  several  pieces  of  apparatus  to  determine 
hardness  by  the  depth  of  penetration  of  needles  of  different 
'  sizes,  by  the  weight  required  to  crush  or  force  plungers 
through  a  given  amount  of  fat,  and  by  a  determination  of  the 
time  required  for  plungers  to  sink  a  given  distance  into  fat, 
the  device  here  described  was  found  most  satisfactory.  With 
this  device,  hardness  is  expressed  as  grams  of  mercury  re¬ 
quired  to  force  a  plunger  5  mm.  in  diameter  through  a  disk  of 
butter  fat  6  mm.  in  thickness  at  20°  C. 

The  fat  disks  are  made  in  a  two-piece  mold  which  is  thoroughly 
chilled  by  placing  it  on  the  metal  divisions  of  a  tray  of  ice  cubes. 
The  base  of  the  mold  is  a  brass  plate  commonly  used  in  histo¬ 
logical  technic  for  paraffin  imbedding.  A  lead  ring  4  cm.  in 
diameter  and  exactly  6  mm.  high  forms  the  side  of  the  mold. 
The  melted  fat,  after  thorough  mixing  at  50°  C.,  is  slowly  poured 
into  the  mold  and  allowed  to  cool.  A  small  label  bearing  the 
number  of  the  sample  is  inserted  at  the  edge  of  the  sample  for 
the  purpose  of  identification.  When  thoroughly  hardened,  the 
top  of  the  sample  is  leveled  off  even  with  the  top  edge  of  the 
mold  with  a  straight-edged  knife.  The  whole  thing  is  then  placed 
in  ice  water  and  after  removing  the  base  of  the  mold  the  fat  disk 
is  forced  out  of  the  ring  with  very  slight  pressure.  A  thin  sheet 
of  paper  moistened  and  pressed  firmly  against  the  base  of  the 
mold  to  remove  air  bubbles  may  be  used  to  prevent  the  sample  of 
fat  from  sticking  to  the  base  as  it  hardens.  Usually  2  or  3 


disks  are  prepared  from  each  sample  of  fat  and  kept  in  ice  water 
overnight  or  longer.  Before  the  disks  are  ready  for  hardness 
determinations  they  must  be  kept  for  an  arbitrarily  chosen 
length  of  time  at  the  temperature  at  which  the  determination  is 
to  be  made. 

Preliminary  investigations  revealed  that  the  disks  soften 
rapidly  during  the  first  3  or  4  hours  when  taken  from  the  ice- 
water  bath  and  placed  in  the  20°  C.  bath.  After  6  hours  very 
little  change  in  hardness  takes  place.  Since  20°  C.  has  been 
chosen  as  the  optimal  temperature  for  making  these  deter¬ 
minations,  the  disks  are  kept  in  a  constant-temperature 
bath  held  at  20°  =*=  0.2°  C.  for  8  hours  previous  to  performing 
the  test.  Above  20°  C.,  soft  samples  of  butter  fat  are  difficult 
to  handle;  at  lower  temperatures  hard  samples  tend  to  crack 
during  the  determinations. 

The  hardness  determinations  are  made  with  the  apparatus 
sketched  herewith. 

The  fat  disk,  A,  6  mm.  thick,  is  placed  over  the  9-mm.  hole 
of  the  cork,  B,  which  is  cemented  to  the  bottom  of  the  water  bath, 
C.  The  glass  rod,  D,  5  mm.  in  diameter  working  in  the  glass 
sleeve,  E,  is  brought  to  rest  on  the  disk.  The  plunger  is  19  mm. 
in  length  and  together  with  the  mercury  receptacle,  G,  and  its 
support,  H,  weighs  50.0  grams.  Mercury  from  the  25-cc.  buret, 
F,  is  now  run  into  the  50-cc.  beaker,  G,  at  a  constant  rate  of  10 

cc.  per  minute.  The  tip  of  the 
buret  is  approximately  1  cm. 
above  the  bottom  of  the  beaker. 
The  flow  of  mercury  is  stopped 
when  its  weight  becomes  suffi¬ 
cient  to  force  the  plunger 
through  the  disk  of  fat.  When 
this  occurs  the  rubber  support, 
H,  comes  to  rest  with  a  sudden 
thump  on  the  top  of  the  sleeve, 
E.  The  volume  of  mercury  is 
determined  from  the  buret 
readings  and  its  weight  calcu¬ 
lated. 

The  entire  apparatus  can 
be  made  of  ordinary  labora¬ 
tory  equipment.  There  are 
no  mechanical  parts  to  require 
special  attention  or  repair. 
Constant  temperatures  are 
easily  maintained  with  two 
water  baths,  one  at  the  tem¬ 
perature  of  a  mixture  of  ice 
and  water  and  the  other  close 
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to  room  temperature.  Hardness  is  determined  at  the  most 
desirable  temperature  from  the  consumer’s  standpoint.  Only 
small  samples  of  butter  are  required  for  a  determination  and 
the  number  of  determinations  which  can  be  made  with  one 
disk  is  limited  only  by  the  size  of  the  disk.  The  disks  may 
be  remelted  and  used  several  times  if  necessary.  Four  deter¬ 
minations  are  usually  made  with  a  4-cm.  disk. 

Table  I.  Hardness  of  Butter  Fat  at  Temperatures 
BETWEEN  18°  AND  23°  C. 

(Hardness  is  expressed  as  grams  of  mercury  required  to  force  a  plunger 
measuring  5  mm.  in  diameter  and  weighing  50.0  grams  through  a  disk  of 
butter  fat  6  mm.  in  thickness  at  the  temperatures  indicated.) 

Sample 


1 

18.0° 

18.6° 

19.2°  20.0°  20.6° 

Herd  Butter  Fat 

21.4° 

22.0° 

23.0' 

1 

343 

267 

206 

136 

95 

51 

2 

261 

216 

171 

111 

70 

30 

3 

270 

216 

175 

127 

91 

47 

4 

247 

193  148  99  67 

Cottonseed-Meal  Butter  Fat 

34 

1 

387 

309 

248 

180 

139 

90 

2 

412 

320 

263 

193 

148 

100 

3 

383 

304 

242 

173 

131 

80 

4 

370 

289 

229 

158 

112 

63 

The  following  buret  readings  are  typical  for  a  series  of 
determinations  made  on  a  sample  of  butter  fat  at  20°  C.: 
9.7, 9.2, 10.1, 10,9.2, 9.0. 

The  results  of  hardness  determinations  performed  at 
temperatures  between  18°  and  23°  C.,  on  four  samples  of 
butter  fat  produced  by  cows  on  standard  herd  rations  and  four 
samples  produced  by  cows  on  heavy  cottonseed-meal  rations 
are  given  in  Table  I,  and  emphasize  the  importance  of 
accurate  temperature  control.  Furthermore  they  reveal 
marked  differences  in  the  two  types  of  butter  fat;  differences 
which  are  less  apparent  in  the  usual  fat-constants.  The  melt¬ 
ing  points  of  the  herd  butter-fat  samples  were  only  3°  or  4° 
lower  than  those  of  the  cottonseed-meal  butter  fat,  and  differ¬ 
ences  in  the  iodine  numbers  were  of  the  same  magnitude. 
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Determination  of  Iron  by  Titanium  Titration  and 

by  -Bijivridiiie  Colorimetry 

Improved  Analytical  Procedure 

WILLIAM  D.  McFARLANE,  University  of  Alberta,  Edmonton,  Canada 


SINCE  Knecht  and  Hibbert  (4)  published  their  mono¬ 
graph  on  titanous  chloride,  an  increasing  number  of 
biochemists  have  employed  this  reagent  in  various  reduction 
processes.  It  has  been  used  particularly  for  the  estimation 
of  ferric  and  ferrous  iron  in  biological  materials.  This  in¬ 
volves  a  microtechnic  using  very  dilute  titanium  solutions 
(5).  It  therefore  becomes  increasingly  difficult  to  maintain 
the  reducing  agent  at  constant  strength  for  a  reasonable 
period.  In  general  the  reagent  has  been  stored  under  hydro¬ 
gen  and  the  titration  carried  out  with  apparatus  of  the  type 
designed  by  Knecht  and  Hibbert.  Satisfactory  results  are 
obtained  only  when  the  greatest  care  is  taken  in  purifying  the 
hydrogen  and  in  sealing  the  apparatus.  The  necessity  for 
such  extreme  precautions  has  deterred  the  more  general  ap¬ 
plication  of  this  valuable  reducing  agent  and  has  caused  many 
workers  to  avoid  this  method  for  estimating  iron  and  to  turn 
to  colorimetric  procedures. 

Horizontal  Mieroburet 

The  buret  described  below  was  designed  to  obviate  these 
difficulties  and  has  the  following  advantages : 

1.  It  is  essentially  a  modification  of  the  Conway  buret  (2) 
and  retains  its  excellent  features  of  accuracy  in  delivering  small 
volumes,  simplicity  of  construction,  and  ease  of  calibration. 

2.  The  titrating  reagent  comes  into  contact  only  with  mer¬ 
cury.  Under  these  conditions  the  author  has  found  that  the 
titer  of  the  reagent  against  a  standard  ferric  chloride  solution 
remains  practically  unchanged  over  a  period  of  at  least  4  months. 

3.  Expelling  the  fluid  from  the  buret  by  a  mercury  column 
gets  rid  of  a  common  difficulty  in  the  use  of  titanium  solutions, 
that  of  sticking  in  the  buret,  and  makes  cleaning  unnecessary. 

4.  Recharging  the  buret  is  extremely  simple. 

5.  A  large  number  of  titrations  may  be  made  without  refilling. 
Construction.  The  apparatus  (Figure  1)  is  constructed  of 
soft  glass  and  mounted  on  a  3-ply  board  (87  X  48  cm.).  Capil¬ 
lary  tubing  of  approximately  1-mm.  bore  is  used  for  the  buret, 
/,  e.  The  buret  proper,  /,  is  67  cm.  long  and  is  backed  by  a 
strip  of  graph  paper,  ten  squares  to  the  inch  and  25  inches  in 


length.  At  the  left  end  it  is  connected  by  pressure  tubing  to  a 
small  (2X5  cm.)  mercury  reservoir,  d,  and  at  the  right  end  it  is 
connected  by  a  ground-glass  joint  to  a  three-way  stopcock,  e. 
The  mercury  reservoir,  d,  is  adjustable  to  a  height  of  3  cm.  above 
and  below  the  level  of  tube  /  by  means  of  the  rack  and  pinion,  g. 
The  buret  is  connected  by  a  second  ground-glass  joint  to  the 
reagent  storage  vessel,  a,  which  has  a  capacity  of  200  cc.  and  which 
in  turn  is  connected  by  pressure  tubing  to  a  leveling  bulb,  b, 
of  approximately  the  same  capacity.  The  storage  flask  is 
painted  with  two  coats  of  black  enamel  and  set  into  the  board 
by  cutting  out  a  strip.  The  delivery  tube,  supported  by  a 
bracket  (13  X  13  cm.),  is  drawn  out  to  a  fine  capillary,  the  tip 
of  which  has  a  clearance  of  16  cm.  from  the  base  board  (28  X 
87  cm.). 

The  two  ground-glass  connecting  pieces  are  used  to  facilitate 
assembling  the  apparatus.  These  unfortunately  had  hollow 
bulbs  which  the  author  anticipated  would  be  difficult  to  fill 
with  liquid  and  which  might  cause  the  liquid  column  to  break. 
A  continuous  capillary  joint  was  obtained  by  filling  the 
bulbs  (a,  Figure  2)  with  sealing  wax  as  follows: 

A  piece  of  copper  wire  of  slightly  larger  diameter  than  the 
capillary  bore  was  well  smeared  with  vaseline  and  inserted 
through  c  to  plug  the  capillary  at  b.  The  copper  wire  was  then 
packed  around,  and  bulb  a  completely  filled  with  finely  powdered 
sealing  wax.  By  gentle  heating  the  sealing  wax  was  melted. 
The  coating  of  vaseline  made  possible  the  withdrawal  of  the 
copper  wire  after  the  wax  had  solidified.  The  surface  of  the 
wax  was  ground  with  a  small  carpenter’s  bit  so  that  the  connect¬ 
ing  piece,  d,  fit  snugly. 

Calibration.  This  was  carried  out  with  titanous  chloride 
solution  and  checked  with  mercury,  weighing  in  each  case  the 
total  of  five  deliveries  of  the  graduated  section.  The  entire 
graduated  portion  (250  divisions)  had  a  volume  of  0.718  cc. 

Preparation  of  Titanous  Chloride  Solution.  Prelimi¬ 
nary  tests  indicated  that  the  most  satisfactory  thiocyanate 
end  point  could  be  obtained  when  the  strength  of  the  reducing 
agent  was  such  that  approximately  0.25  cc.  (87  buret  divi¬ 
sions)  of  the  titanous  chloride  solution  just  effected  the  com- 
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plete  reduction  of  0.05  mg.  of  Fe+++  in  a  total  volume  of  20 
cc.  An  approximately  0.004  N  titanous  chloride  solution 
was  prepared  as  follows: 

To  200  cc.  of  boiling  N  hydrochloric  acid  a  20  per  cent  titanous 
chloride  solution  was  added,  so  that  0.25  cc.  of  the  mixture  just 
discharges  the  red  color  of  10  cc.  of  a  ferric  thiocyanate  solution 
containing  0.05  mg.  of  Fe+++.  About  0.3  cc.  of  the  20  per  cent 
titanous  chloride  solution  is  required. 

Charging  the  Apparatus.  The  entire  apparatus  is  first 
filled  with  mercury.  The  titanous  chloride  solution  is  quickly 
cooled  and  transferred  to  the  storage  vessel,  a,  through  inlet  c 
with  the  mercury  level,  b,  lowered.  Inlet  c  is  sealed  with  a  few 
drops  of  mercury.  The  mercury  reservoir,  b,  is  returned  to  its 
support  which  is  high  enough  to  give  a  slight  positive  pressure 
to  the  buret  side  of  the  apparatus.  The  stopcock  of  the  storage 
vessel  is  turned  to  join  a  and  c  and  by  manipulating  the  three- 
way  stopcock,  e,  with  the  mercury  reservoir,  d,  lowered,  the  ti¬ 
trating  point,  h,  and  the  buret  to  the  zero  point  are  filled  with 
the  reagent.  The  reagent  is  obviously  discharged  from  the  buret 
■  by  raising  the  mercury  level  in  d,  adjusting  stopcock  e  to  join  / 
and  h,  and  using  the  stopcock  on  h  to  control  the  titration. 

Accuracy.  The  buret  described  above  was  constructed 
of  glass  tubing  of  slightly  larger  bore  than  that  described  by 
Conway.  A  delivery  of  0.1  cc.  represented  128  mm.  on  the 
graduated  tube  of  his  buret,  while  the  same  distance  on  the 
author’s  scale  represents  a  volume  of  0.145  cc.  The  error  of 
delivery  of  the  author’s  buret  is,  presumably,  of  similar  magni¬ 
tude  to  that  given  by  Conway,  but  it  may  actually  have  been 
considerably  lessened  by  using  mercury  to  expel  the  fluid. 
The  author  has  investigated  the  accuracy  of  the  buret  only 
for  the  particular  purpose  for  which  he  wished  to  use  it — 
namely,  for  titrating  ferric  thiocyanate. 

A  series  of  ten  titrations  of  a  standardized  ferric  chloride 
solution  was  made,  employing  a  titrating  vessel  of  the  type 
already  described  (5)  and  carrying  out  the  titration  at  50° 
(=*=2°)  with  a  slow  stream  of  carbon  dioxide  bubbling  through 
the  solution.  The  volume  of  the  solution  was  20  cc.  and  com¬ 
prised  10  cc.  of  the  ferric  chloride  solution  containing  0.05 
mg.  of  Fe+++,  5  cc.  of  5  A  hydrochloric  acid,  4  cc.  of  water, 
and  1  cc.  of  40  per  cent  potassium  thiocyanate  solution.  The 
thiocyanate  solution  should  not  be  added  until  just  before 
-  commencing  the  titration.  The  height  of  the  titration  vessel 
was  adjusted  so  that  the  tip  of  the  buret  was  just  below  the 
surface  of  the  liquid.  The  maximum  variation  in  these  titra¬ 
tions  was  equivalent  to  two  buret  divisions  (0.0057  cc.)  and 
represents  an  error  of  2.2  per  cent. 

A  further  series  of  ten  titrations  was  carried  out  with  vary¬ 


ing  amounts  of  the  ferric  chloride  solution  from  1  to  10  cc.  and 
under  the  conditions  just  described.  The  results  showed  that 
the  same  degree  of  accuracy  can  be  maintained  with  a  dilu¬ 
tion  of  15y  of  Fe+++  in  a  total  volume  of  20  cc.  In  the  author’s 
experience  greater  accuracy  is  not  obtainable  by  using  a  more 
dilute  titanous  chloride  solution  or  a  smaller  buret,  since 
the  sensitivity  of  the  eye  to  the  thiocyanate  end  point  becomes 
the  limiting  factor. 

Cobalt  Nitrate  Solution  as  a  Color  Standard 

In  the  study  of  iron  metabolism  there  is  occasional  need  for 
an  analytical  procedure  which  can  be  relied  upon  to  estimate 
amounts  of  iron  of  the  order  of  0.5y.  Obviously  volumetric 
methods  are  not  applicable.  Of  the  many  colorimetric 
methods  devised  for  this  purpose,  that  recommended  by  Hill 
(3)  has  much  to  commend  it.  The  many  advantages  of 
a, a '-bipyridine  as  a  reagent  for  the  microestimation  of  iron 
have  been  detailed  by  Hill. 

The  method  has  been  in  use  in  this  laboratory  for  several 
years.  While  the  author  has  confirmed,  in  every  detail,  the 
claims  made  for  the  reagent,  he  has  not  been  entirely  satis¬ 
fied  with  the  method  of  estimating  the  intensity  of  the  pink 
color.  Hill’s  procedure  is  analogous  to  that  used  for  the 
colorimetric  determination  of  pH  and  consists  in  preparing  a 
series  of  standard  tubes  of  varying  dilutions  of  ferrous  bi- 


Figure  2.  Continuous  Capillary 
Joint 


pyridine  which  are  sealed  after  passing  a  small  amount  of 
sulfur  dioxide  through  the  solution.  In  the  author’s  experi¬ 
ence  these  color  standards  are  liable  to  fade,  particularly  at 
high  dilutions.  Their  preparation  is  also  a  laborious  pro¬ 
cedure  which  is  not  likely  to  commend  itself  to  those  desirous 
of  making  a  very  limited  number  of  iron  determinations  in 
the  shortest  possible  time. 

When  compared  in  a  colorimeter,  the  color  of  a  cobaltous 
nitrate  solution  matches  excellently  the  color  of  ferrous  bi- 
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A,  2.5  per  cent  solution  of  cobalt  nitrate 

B,  ferrous  bipyridine  solution  containing  4.77-y  of  iron  per  cc. 

The  two  solutions  were  of  the  same  color  intensity.  The  data  were  ob¬ 
tained  with  a  Bellingham  and  Stanley  direct-reading  spectrometer,  using 
5-cm.  tubes  and  making  the  density  readings  with  an  Ilford  wedge. 


pyridine.  Both  solutions  show  selective  absorption  in  essen¬ 
tially  the  same  region  of  the  visible  spectrum  (Figure  3). 
Within  a  range  of  iron  concentrations  from  0.25  to  3.0y  per 
cc.  the  intensity  of  the  pink  color  of  ferrous  bipyridine  is  di¬ 
rectly  proportional  to  the  amount  of  iron  present  (Figure  4) 
and  can  be  estimated  with  an  accuracy  of  at  least  10  per  cent 
by  reading  against  a  cobalt  nitrate  solution  containing  2.5 
mg.  of  Co++  per  cc.  Observed  through  a  thickness  of  25  mm., 
a  solution  of  cobalt  nitrate  containing  2.5  mg.  of  Co+'i"  per 
cc.  has  a  color  intensity  equivalent  to  that  of  a  ferrous  bi¬ 
pyridine  solution  containing  1.62y  of  Fe  per  cc. 


Modified  Procedure 

Solutions  Required.  Cobalt  nitrate  solution:  1.235  grains 
of  Co(N03)2.6H20  in  100  cc.  of  distilled  water  (1  cc.  =  2.5  mg. 
of  Co  +  +).  0.004  M  a,  a '-bipyridine  solution:  63.2  mg.  of 
<*,  a '-bipyridine  and  1  cc.  of  approximately  N  hydrochloric  acid 
(prepared  from  redistilled  hydrochloric  acid)  in  100  cc. 

Acetate  buffer,  pH  4.7:  equal  parts  of  0.2  N  acetic  acid 
(prepared  from  redistilled  glacial  acetic  acid)  and  0.2  N  sodium 
hydroxide  (prepared  from  sodium  and  found  to  contain  no  iron). 

Approximately  0.004  N  titanous  chloride  solution  (the  prod¬ 
uct  of  the  LaMotte  Chemical  Co.  is  free  from  iron)  or  solid 
sodium  hyposulfite  freed  from  iron  according  to  Hill. 

Procedure.  An  aliquot  of  the  solution  to  be  analyzed, 
preferably  not  exceeding  5  cc.,  is  transferred  to  a  10-cc.  glass- 
stoppered  measuring  cylinder  and  to  it  are  added  1  cc.  of  bi¬ 
pyridine  solution  and  0.25  cc.  of  titanous  chloride  solution  or  a 
knife-point  of  solid  sodium  hyposulfite.  It  is  diluted  to  the 
10-cc.  mark  with  acetate  buffer,  mixed  and  compared  in  a  colorime¬ 
ter  with  the  test  solution  set  at  25  mm.,  and  the  cobalt  ni¬ 
trate  solution  adjusted  to  match. 


The  iron  content  of  the  solution  in  y  per  cc.  is  calculated 
from 


Reading  of  standard  N,  ,  cn 
9fi  x  1>b2 


The  colorimetry  is  most  satisfactory  within  the  range  of 
0.25  to  3.0y  of  iron  per  cc.  If  it  is  found  that  the  color 
given  by  the  test  solution  exceeds  this  limit,  the  solution 
should  be  diluted  with  acetate  buffer  and  the  measurement 
repeated. 

Ferrous  bipyridine  develops  its  maximum  color  in  a  few 
minutes  only  in  solutions  more  alkaline  than  pH  3.5.  If  the 
solution  under  examination  is  known  to  be  pH  3.5  or  above, 
the  use  of  the  acetate  buffer  is,  of  course,  unnecessary.  Spe¬ 
cially  pure  cobalt  nitrate  or  a  particularly  high  degree  of  ac¬ 
curacy  in  preparing  the  standard  solution  is  unnecessary,  as 
cobalt  nitrate  solutions  do  not  conform  to  Beer’s  law  in  that 
a  relatively  large  increase  in  concentration  is  necessary  to 
effect  much  change  in  the  color  of  the  solution. 

These  modifications  greatly  simplify  a  method  which,  as 
pointed  out  by  Hill,  has  many  important  advantages  over 
other  methods  proposed  for  the  estimation  of  iron.  The 
preparation  and  standardization  of  an  iron  solution  are  now 
unnecessary.  Special  purification  of  the  reducing  agent  may 
be  avoided  by  substituting  titanous  chloride  for  sodium  hy¬ 
posulfite.  Furthermore,  in  the  author’s  experience  (5),  the 
colorimetry  with  ferrous  bipyridine  with  the  amounts  of 
iron  under  consideration  is  a  decided  improvement  over  that 
with  ferric  thiocyanate. 

Unfortunately,  the  reagent  a,a: '-bipyridine  is  not  procur¬ 
able  on  the  market,  but  it  may  be  readily  prepared  from  a- 
picoline  according  to  Blau  ( 1 ).  J.  M.  Tracy  in  this  laboratory 
has  found  that  better  yields  are  obtained  by  precipitating 
the  copper  picolinate  with  a  saturated  solution  of  copper 
sulfate  instead  of  a  1  per  cent  solution  and  that  more  rapid 
steam-distillation,  resulting  in  better  crystallization  of  the 
product,  is  obtained  by  saturating  the  crude  bipyridine 
solution  with  sodium  chloride. 
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Figure  4.  Proportionality  between  Amount  of  Iron 
Present  and  Intensity  of  Color  Developed  with  Bipyridine 

Values  plotted  represent  the  colorimeter  readings  in  mm.  of  a  cobalt  ni¬ 
trate  solution  containing  2.5  mg.  of  Co++  per  cc.  when  the  test  solutions 
were  set  at  25  mm.  The  diagonal  line  represents  the  theoretical  propor¬ 
tionality  between  iron  present  and  color  produced. 

Composition  of  test  solutions:  0.5  to  6.0  cc.  of  standard  FeCli  solution 
containing  5.3y  of  Fe  per  cc. ;  0.25  cc.  of  approximately  0.004  N  TiCls  solu¬ 
tion;  1.0  cc.  of  0.004  Ma ,  a'-bipyridine.  Diluted  in  each  case  to  10  oc.  with 
acetate  buffer,  pH  4.7. 
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Direct  Titration  of  Sulfates 

Further  Studies  with  Tetrahydroxyquinone  as  an  Internal  Indicator 

R*  T.  SHEEN  AND  H.  L.  KAHLER,  W.  H.  &  L.  D.  Betz,  Philadelphia,  Pa. 


SCHROEDER  ( 1 )  recently 
suggested  a  direct  titration 
method  for  sulfates  with  the  use 
of  tetrahydroxyquinone  as  an 
internal  indicator.  A  direct 
titration  method  of  this  type 
offers  considerable  advantage 
,  over  other  rapid  methods  where 
outside  indicators,  back-titra- 
tions,  or  filtrations  are  required. 

The  method  as  described  by 
Schroeder  allows  the  direct 
titration  of  sulfate  in  a  sample 
with  a  standard  barium  chloride 
solution,  the  end  point  being  in¬ 
dicated  by  the  appearance  of  the 
red  barium  salt  of  tetrahydroxy¬ 
quinone.  An  extensive  bibliog¬ 
raphy  on  sulfate  determinations 
was  given  in  Schroeder’s  paper 
and  further  reference  is  not  re¬ 
quired  at  this  time. 

Schroeder  suggested  the  dispersion  of  the  tetrahydroxy¬ 
quinone  with  a  large  amount  of  potassium  chloride  to  give  a 
dilution  that  could  be  readily  handled  by  using  a  few  tenths 
of  a  gram  of  the  dry  mixture  for  each  determination,  this 
dry  dispersion  being  necessary  because  the  solutions  of  tetra¬ 
hydroxyquinone  are  not  sufficiently  stable  to  be  added  to 
the  sample  in  this  form.  This  method  of  adding  the  tetra¬ 
hydroxyquinone  to  the  sample  was  followed  in  the  present 
investigation.  (The  prepared  tetrahydroxyquinone-potas- 
sium  chloride  mixture  has  been  named  by  this  laboratory 
THQ  and  will  be  referred  to  as  such  throughout  this  paper.) 

The  method  suggested  by  Schroeder  limited  the  range  of 
sulfate  in  a  25-cc.  sample  between  80  and  800  p.  p.  m.  and 
further  suggested  the  use  of  equal  quantities  of  ethyl  alcohol 
or  alcohol  denatured  by  formula  No.  30  or  3-A  to  reduce  the 
solubility  of  the  barium  sulfate  and  hasten  the  precipitation, 
titrating  with  0.025  N  barium  chloride  in  a  solution  neutral¬ 
ized  to  the  acid  side  of  the  phenolphthalein  end  point.  Phos¬ 
phate  was  found  to  be  an  interfering  ion. 

It  was  the  aim  of  this  investigation  to  extend  the  sulfate 
range,  which  was  found  possible,  and  to  find  a  diluent  that 
could  be  used  in  place  of  ethyl  or  denatured  alcohol,  because 
of  the  difficulty  of  obtaining  either  the  ethyl  or  the  denatured 
alcohol  in  many  plants,  owing  to  certain  government  re¬ 
strictions.  Isopropyl  alcohol  was  found  to  answer  this  pur¬ 
pose.  Elimination  of  the  phosphate  ion  is  desirable  and  it ' 
was  found  that  this  ion  could  be  eliminated  up  to  60  p.  p.  m. 
Py  changing  the  pH  value  of  the  titrating  solution  to  about 
4.0. 

Experimental 

The  indicator  used  throughout  this  study  was  manufac¬ 
tured  in  the  Betz  laboratory  and  considerable  quantities  of 
his  material  have  been  supplied  to  the  field. 

Detailed  directions  are  given  below  for  a  determination 
>f  sulfate  by  direct  titration  using  THQ  as  the  indicator. 

Materials  and  Reagents.  Standard  barium  chloride  solu- 
ion,  the  strength  varying  from  1  cc.  =  1  mg.  of  S04  to  1  cc.  = 


50  mg.  of  S04,  standardized  gravi- 
metrically.  ,  An  indicator  com¬ 
posed  of  disodium  tetrahydroxy¬ 
quinone  ground  with  dried  potas¬ 
sium  chloride  in  a  1  to  300  ratio, 
and  passing  a  100-mesh  screen. 
Ethyl  alcohol  or  alcohol  denatured 
by  formula  No.  30  or  No.  3-A,  or 
isopropyl  alcohol.  Phenol¬ 
phthalein  indicator  and  bromo- 
cresol  green  indicator  (if  phos¬ 
phates  are  present).  Sodium  chlo¬ 
ride  crystals,  c.  p. 

Procedure  A.  Carefully 
neutralize  a  25-cc.  sample  contain¬ 
ing  up  to  approximately  2000 
p.  p.  m.  of  SO4  with  approximately 
0.02  N  hydrochloric  acid  until  just 
acid  to  phenolphthalein.  The 
temperature  of  the  sample  should 
be  below  35°  C.  and  it  is  advisable 
to  work  between  20°  and  25°  C. 
Add  either  25  cc.  of  ethyl  alcohol 
or  alcohol  denatured  by  formula 
No.  30  or  No.  3-A  or  isopropyl 
alcohol.  Introduce  the  THQ,  the 
amount  to  be  determined  from 
Table  I.  It  is  best  to  use  a  small 
cup  to  measure  the  mixture.  Swirl  the  flask  to  dissolve  the  THQ; 
the  solution  will  be  colored  a  deep  yellow.  Titrate  with  standard 
barium  chloride  solution,  the  strength  to  be  employed  depending 
on  the  approximate  sulfate  content  of  the  sample,  in  accordance 
with  Table  I.  Add  the  standard  barium  chloride  at  a  steady 
dropping  rate  with  a  constant  swirling  of  the  flask  until  the 
yellow  color  changes  to  a  rose.  The  rose  color  should  appear 
throughout  the  body  of  the  solution  and  not  as  spots  of  color. 
This  point  is  taken  as  the  end  point. 

Table  I.  THQ  Required  for  Various  Sulfate 


Concentrations 

Sulfate 

Quantity 

Dippers 

Strength11 

Sodium 

Chloride 

of  THQ 

of  THQ 

of  BaCh 

Crystals 

Concentrations 

Indicator 

Indicator 

Solution 

Required 

P.  p.  m. 

Up  to  100& 

Gram 

0.1 

0.5 

1 

Grams 

100  to  1000& 

0.2 

1 

1 

1000  to  2000 

0.2 

1 

4 

2000  to  4000 

0.4 

2 

10 

"2 

4000  to  10000 

0.4 

2 

10 

4 

10000  to  20000 

0.6 

3 

50 

8 

20000  to  30000 

0.8 

4 

50 

8 

ce.  =  mg.  of  S04. 

ibtract  0.1  cc.  as  a 

blank  in  titration. 

Procedure  B  (sulfate  range  from  2000  to  30,000  p.  p.  m.). 
Add  solid  sodium  chloride  to  the  sample  in  an  approximate 
amount  as  given  in  Table  I.  The  procedure  is  the  same  as  in 
A  for  neutralization  and  titration. 

Procedure  C  (with  phosphate  ion  present  up  to  60  p.  p.  m.). 
Carefully  neutralize  a  25-cc.  filtered  sample  with  approximately 
0.02  N  hydrochloric  acid  until  just  acid  (yellow  range)  to  bromo- 
cresol  green  (approximate  pH  4).  Follow  procedure  as  in  A  or 
B;  no  correction  will  be  required  for  the  phosphate  ion  present. 

The  titration  procedure  employed  was  identical  with  that 
proposed  by  Schroeder.  The  end  point  is  taken  as  the  ap¬ 
pearance  of  rose  throughout  the  body  of  the  solution,  and 
is  somewhat  similar  to  a  methyl  orange  end  point  in  alka¬ 
limetry.  To  facilitate  observation  of  the  end  point,  a  strong 
side  illumination  with  a  lamp  was  employed.  It  was  found 
that  because  of  the  quantities  of  barium  sulfate  resulting,  in 
higher  concentrations  of  sulfates,  either  an  adsorption  of  the 
indicator  occurred  or  the  end  point  was  masked.  To  over¬ 
come  this  difficulty,  additional  quantities  of  the  indicator 


The  direct  titration  method  for  deter¬ 
mination  of  sulfates  with  the  use  of  tetra¬ 
hydroxyquinone  as  an  internal  indicator 
is  described.  Sulfates  can  be  determined 
by  this  method  up  to  30,000  p.  p.  m.  Phos¬ 
phates  up  to  60  p.  p.  m.  can  be  eliminated 
by  pH  control.  Isopropyl  alcohol  is  found 
to  be  as  satisfactory  as  ethyl  alcohol  for 
reducing  solubility  of  barium  sulfate  and 
hastening  the  precipitation.  The  use  of 
sodium  chloride  to  sharpen  the  end  point 
in  concentrations  above  2000  p.  p.  m.  of 
sulfate  is  described.  Results  obtained  by 
this  method  check  gravimetric  analyses 
within  an  average  of  3  per  cent.  Compari¬ 
son  of  results  with  the  Betz-Hellige  method 
is  given. 
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Table  II.  Titration  of  Sodium  Sulfate 

(All  titrations  were  carried  out  at  pH  8.3.  25  cc.  of  ethyl  alcohol,  denatured 

with  No.  3-A  or  30,  were  used.) 


so4 

Present 

S04 

Found 

Error 

THQ 

BaCU  Used 

P.  p.  m. 

P.  p.  m. 

% 

Gram 

Cc. 

20 

19.9 

-0.5 

0.1 

1  ee.  =  1.04 
mg.  of  SOi2 
0.48 

40 

37.5 

-6.3 

0.1 

0.90 

77.6 

74.9 

-3.5 

0.1 

1.80 

101 

98 

-3.0 

0.2 

2.35 

202 

204 

+  1.0 

0.2 

4.90 

404 

399 

-1.1 

0.2 

9.60 

485  6 

466 

-4.0 

0.2 

11.20 

504 

516 

+  2.4 

0.2 

12.30 

620 

602 

-2.9 

0.2 

1  cc.  =  4.07 
mg.  of  SO4 
3.65 

907 

904 

-0.3 

0.2 

5.55 

15506 

1547 

-0.2 

0.2 

9.50 

1605 

1612 

+0.4 

0.2 

9.90 

2132 

2096 

-1.7 

0.2 

12.85 

3019 

3030 

+0.3 

0.4 

18.00 

2403 

2308 

-3.9 

0.4 

1  cc.  =  10.49 
mg.  of  SO< 
5.50 

3876 

4016 

+3.7 

0.4 

9.57 

5426 

5509 

+  1.7 

0.4 

13.13 

54266 

5287 

-2.5 

0.4 

12.60 

7558 

7343 

-2.8 

0.4 

17.50 

96906 

9441 

-2.5 

0.4 

22.50 

10856 

11015 

+  1.4 

0.6 

1  cc.  =  52.45 
mg.  of  SO< 
5.25 

15508 

15106 

-2.6 

0.6 

7.20 

155086 

15735 

+  1.4 

0.6 

7.50 

217116 

20980 

-3.4 

0.8 

9.95 

34117 

32729 

-4.0 

1.0 

15.60 

“  0.1  cc.  blank  was  subtracted  from  values  obtained  when  1  cc.  of  BaCU  = 
1.04  mg.  of  SO-i. 

6  25  cc.  of  isopropyl  alcohol. 


were  added  to  allow  the  proper  observation  of  the  end  point. 
The  character  of  the  color  of  the  end  point  changed  somewhat  , 
owing  to  the  presence  of  the  precipitated  barium  sulfate,  be¬ 
coming  more  intense  in  higher  concentrations.  The  results 
obtained  are  presented  in  Table  II. 

Isopropyl  alcohol  wras  used  on  some  samples  as  indicated 
with  equally  successful  results.  Standard  dippers  were  em¬ 
ployed  to  measure  the  THQ  indicator,  each  dipper  holding 
0.2  gram  of  the  indicator.  The  results  presented  in  Table  II 
show  that  the  method  is  applicable  for  the  determination  of 
sulfates  up  to  approximately  30,000  p.  p.  m.  of  sulfate  or 
approximately  a  3  per  cent  solution  of  sulfate.  All  titrations 
in  the  tables  are  averages  of  two  or  more  values,  none  of  the 
volumes  of  barium  chloride  used  deviating  from  each  other 
by  more  than  3  per  cent.  An  arithmetical  average  of  forty- 
two  determinations  gave  a  2.4  per  cent  error;  twelve  results 
of  the  forty-two  were  high,  showing  that  in  general  results 
had  a  tendency  to  be  slightly  low.  It  has  been  found  ad¬ 
vantageous  to  use  varying  amounts  of  the  THQ  depending 
on  the  sulfate  range  in  which  the  determination  is  being  made 
(Table  I). 

Several  other  diluents  besides  isopropyl  alcohol  were  tried 
and  found  unsatisfactory,  including  diacetone,  furfural,  form¬ 
aldehyde,  normal  butyl  and  isobutyl  alcohol,  and  acetone. 
Acetone  at  first  gave  some  promise  but  the  end  point  was  not 
as  clear  as  with  either  alcohol  or  isopropyl  alcohol  and  results 
were  not  as  accurate  and  further  work  on  this  diluent  was 
abandoned.  Schroeder  investigated  the  effects  of  ions  and 
mixtures  of  ions  in  synthetic  solutions  and  stated  that  at 
least  320  p.  p.  m.  of  CO3  ,  200  p.  p.  m.  of  Al+++,  1020  of 
Si03— ,  400  of  Mg++,  200  of  Ca++,  and  200  of  OH"  could 
be  tolerated  without  interference  with  the  method.  He  also 
stated  that  P04  required  excess  barium  chloride,  owing 
to  the  insolubility  of  some  barium  salt  of  P04  ,  and  could 

be  corrected  by  subtracting  a  blank  from  the  total  titration, 
the  value  of  the  blank  depending  on  the  quantity  of  P04 
present. 


Serious  drawbacks  to  the  correction  method  for  phosphate 
advanced  by  Schroeder  are:  (1)  the  phosphate  content 
must  be  known  and  (2)  corrections  must  be  made  for  each 
strength  of  barium  chloride  titrating  solution.  Schroeder 
was  working  with  only  one  strength  of  barium  chloride  but 
this  investigation,  covering  a  larger  range  of  sulfate,  required 
several  strengths  and  would  therefore  require  several  correc¬ 
tion  factors  for  phosphate. 

The  complete  removal  of  the  P04  by  the  aid  of  metals 
whose  phosphates  were  insoluble  and  whose  sulfates  were 
soluble  was  attempted.  It  was  found  that  other  complica¬ 
tions,  such  as  the  insolubility  of  oxides  and  hydrates  of  the 
metal  and  destruction  or  coloring  of  the  THQ  by  these  other 
metals  and  the  precise  control  of  the  quantity  or  concentra¬ 
tion  of  the  metals  required,  were  insurmountable  obstacles 
for  practical  application. 

Knowing  that  different  barium  salts  of  o-phosphoric  acid 
form  at  different  pH  values,  it  was  decided  to  attempt  to 
form  a  more  soluble  salt  at  a  lower  pH.  The  following  pro¬ 
cedure  was  employed,  using  bromocresol  green  as  indicator: 
The  sample  was  neutralized  just  to  the  yellow  range  of  the 
indicator,  25  cc.  of  alcohol  were  added  and  then  the  THQ. 
The  THQ  was  stable  in  such  a  solution  for  at  least  20  min¬ 
utes,  which  is  considerably  in  excess  of  time  to  complete  the 
titration  in  a  satisfactory  fashion.  Solutions  with  various 
sulfate  and  phosphate  contents  were  titrated  and  it  was  found 
that  by  this  procedure  up  to  60  p.  p.  m.  of  P04  could  be 
tolerated  without  interference,  and  above  this  value  excess 
barium  chloride  solution  was  required  to  obtain  the  end  point. 
Table  III  shows  the  results  obtained  by  this  procedure  for 
elimination  of ‘interference  by  phosphates. 

In  using  this  lower  pH  value,  care  must  be  exercised  to  pre¬ 
vent  excess  acid  being  added  to  the  solution,  as  such  will  de¬ 
stroy  the  THQ.  Naturally,  in  titrating,  the  pH  value  of  the 
solutions  will  gradually  rise  as  the  standard  barium  chloride 
employed  has  an  approximate  pH  value  of  7.0.  The  color 
of  the  titrating  medium  will  therefore  change  slightly  on 
account  of  the  bromocresol  green  present,  taking  on  a  greenish 
tinge  with  a  rise  in  pH  value.  This  can  be  discharged  by  a 
drop  or  two  of  the  0.02  N  hydrochloric  acid.  The  intensity 
of  the  green  color  was  held  at  a  minimum  by  use  of  0.1  cc.  of 
0.04  per  cent  bromocresol  green,  which  was  found  sufficient  to 
observe  the  neutralization.  Where  wTork  is  conducted  con¬ 
tinuously  at  this  lower  pH  value,  it  might  prove  advantageous 
to  buffer  the  barium  chloride  standard  solution  at  a  lower  pH. 

Table  III.  Phosphate  Elimination  by  pH  Control 

(pH  4.  1  cc.  of  BaCU  =  1.04  mg.  of  SOo  0.1  cc.  blank  subtracted  from 

values  when  1  cc.  of  BaCU  =  1.04  mg.  of  SOo) 


scu 

Present 

SO4 

Found 

Error 

POr 

Present 

BaCU 

Used 

P.  p.  m. 

P.  p.  m. 

% 

P.  p.  m. 

Cc. 

98.8 

99.8 

+  1.0 

17.6 

2.40 

98.8 

99.8 

+  1.0 

35.2 

2.40 

98.8 

100.8 

+  2.0 

62 

2.42 

97 

108 

+  11.3 

79 

2.60 

97 

114 

+  17.5 

92 

2.75 

415° 

415 

0.0 

62 

3.90 

a  1  cc.  of  BaCU  =  4.07  mg.  of  SCh. 

Schroeder  found  that  in  each  titration  0.1  cc.  blank  should 
be  subtracted.  This  was  necessary  only  when  using  the 
standard  barium  chloride  where  1  cc.  of  barium  chloride 
equals  1  mg.  of  S04.  The  only  ions  giving  interference  were 
Fe+++,  Fe++,  Al+++,  and  PCb  in  excess  of  60  p.  p.  m. 
Iron  in  both  the  ferrous  and  ferric  state  must  be  maintained 
lower  than  approximately  5  p.  p.  m.  This  is  not  considered 
a  serious  drawback  to  the  method,  as  in  boiler  waters  soluble 
iron  will  seldom  be  found  to  this  extent  with  higher  pH 
values,  most  iron  being  present  in  the  insoluble  form.  Where 
iron  is  present  in  a  sample,  it  should  be  removed  prior  to  titra- 
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Table  IV.  Effect  of  Single  Ions  and  Other  Materials 

(pH  4.  25  cc.  of  isopropyl  alcohol  used.  0.1  cc.  of  blank  subtracted  from 

values  when  1  cc.  of  BaCh  =  1.04  mg.  of  SOi.  Cl  as  listed  was  in  excess 
of  Cl  as  derived  from  KC1  in  the  THQ  prepared  indicator.) 


so< 

SO* 

BaCls 

Present 

Found 

Error 

Used 

Ion  Present 

P.  p.  m. 

P.  p.  m. 

% 

Cc. 

p. 

p.  m. 

1 

cc.  of  BaCI: 

!  =  1.04 

mg.  of  SOi: 

0.2  gram  of  THQ 

97 

98 

+  1.0 

2.40 

po4 

62 

97 

100 

+  3.0 

2.40 

Fe  +  +  + 

6.4 

98.8 

100 

+  1.2 

2.40 

Fe  +  + 

4 

98.8 

100 

+  1.2 

2.40 

SiOs 

1500 

98.8 

98.8 

0  0 

2.35 

Tannin 

80 

98.8 

100 

+  1.2 

2.40 

Mg 

120 

98.8 

98 

-0.8 

2.38 

Ca 

344 

98.8 

96 

-2.8 

2.30 

Ca 

688 

98.8 

98 

-0.8 

2.35 

Cl 

3920 

98.8 

133 

+  34.8 

■  3.20 

Cl 

15680 

1 

cc.  of  BaCli 

=  4.07 

mg.  of  SO4; 

0.2  gram  of  THQ 

1646 

1620 

-1.6 

9.95 

PO, 

62 

1646 

1652 

+0.4 

10.15 

Fe  +  +  + 

8.0 

1646 

1645 

0.0 

10.10 

Fe  +  + 

5.8 

1646 

1610 

-2.2 

9.90 

SiOa 

1500 

1646“ 

1628 

-1.1 

10.00 

Tannin 

80 

1646 

1669 

+  1.4 

10.25 

Mg 

1440 

1646 

1628 

-1.1 

10.00 

Ca 

344 

1646 

1661 

+  0  9 

10  20 

Cl 

7840 

1646 

1677 

+2.0 

10.30 

Cl 

47040 

1 

cc.  of  BaCh 

=  52.45 

mg.  of  SO4; 

0.6  gram  of  THQ 

131606  c 

13108 

-0,4 

6.20 

PO4 

62 

13160 

12798 

-2.7 

6.10 

Fe  +  +  + 

8.0 

13160 

12798 

-2.7 

6.10 

Fe  +  + 

5.8 

13160 

13467 

+  2.3 

6.40 

SiOs 

1500 

13160°'c 

13217 

+0.4 

6.30 

Tannin 

80 

13160“ 

12798 

-2.7 

6.10 

Tannin 

80 

meo&’O 

12798 

-2.7 

6.10 

A1 

6.0 

13160 

13647 

+3.5 

6.50 

Mg 

1440 

131606  c 

13008 

-1.2 

6.20 

Ca 

344 

13160 

13008 

-1.2 

6.20 

Ca 

344 

14160 

12798 

-2.7 

6.10 

Cl 

23520 

“  0.5  cc.  of  bromocresol  green  used  in  neutralization  because  of  brown 
l  color  from  tannin. 

i  6  grams  of  NaCl  used  in  titration. 
c  25  cc.  of  ethyl  alcohol  denatured  by  No.  3-A  or  30. 


1  tions,  as  otherwise  the  THQ  is  colored  green  and  destroyed. 
The  results  with  Al+++  show  that  even  6  p.  p.  m.  cannot  be 
tolerated  in  lower  sulfate  concentrations.  Here  again,  little 
difficulty  is  expected,  as  soluble  Al+++  is  seldom  found  in 
appreciable  concentrations  in  boiler  waters.  In  higher  sul¬ 
fate  concentrations  (about  13,000  p.  p.  m.)  6  p.  p.  m.  of  Al+++ 
i  can  be  tolerated.  It  is  believed  that  the  sulfate  content  is 
only  indirectly  responsible  for  this  and  probably  the  higher 
;  concentrations  of  the  tetrahydroxyquinone  required  overcome 
the  interference  with  the  Al+++.  Tolerances  of  the  various 
other  ions  studied  were  in  general  high  and  in  water  work  at 
least  will  exert  no  influence  on  the  method.  SiC>3  can 
be  tolerated  up  to  1500  p.  p.  m.,  tannin  up  to  80,  Mg++  at 
least  1440,  Ca++  to  at  least  344,  and  higher  depending  on 
the  sulfate  content  (one  of  these  two  variables  determines  the 
tolerance  of  the  other,  due  to  the  solubility  of  calcium  sulfate 
in  the  system),  and  CH  up  to  15,000  and  higher  depending 
on  the  sulfate  content.  Above  2000  p.  p.  m.  of  sulfates, 
sodium  chloride  can  be  used  advantageously  to  sharpen  the 
end  point  (Table  V). 

The  effect  of  temperature  was  studied  and  it  was  found  that 
the  temperature  of  the  sample  should  be  held  below  35°  C. 
Higher  temperatures  destroy  the  indicator. 

It  was  realized  that  detection  of  the  end  point  in  this  titra¬ 
tion  might  prove  difficult  for  inexperienced  or  nontechnical 
operators,  and  several  agents  were  investigated  that  might 
tend  to  give  a  more  readily  discernible  end  point  under  all 
conditions.  The  use  of  xylene  cyanole,  a  green  dye,  was  in¬ 
vestigated  and  found  to  be  of  no  aid  in  this  work.  This 
dye  was  selected  because  of  its  possible  application  in  clari¬ 
fying  the  methyl  orange  end  point  in  alkalimetry  work. 

In  the  higher  sulfate  concentrations,  the  end  point  might 
be  termed  as  somewhat  “sliding” — that  is,  the  solution  starts 
to  change  color  before  all  the  sulfate  is  stoichiometrically 
precipitated,  probably  because  the  increased  amount  of 
THQ  required  promotes  the  reaction  between  the  indicator 


and  the  barium  ion.  To  eliminate  this  difficulty,  the  use  of 
sodium  chloride  was  found  advantageous.  It  has  been  de¬ 
termined  that  any  agent  furnishing  sodium  ion  and  not  inter¬ 
fering  otherwise  with  the  titration  could  be  employed.  A 
small  amount  of  the  solid  sodium  chloride  added  to  the  solu¬ 
tion  where  the  sulfate  concentration  was  above  2000  p.  p.  m. 
not  only  caused  a  very  rapid  change  of  color  at  the  end  point, 
but  considerably  increased  the  accuracy  of  the  determination 
in  this  range.  However,  with  sulfate  concentrations  ma¬ 
terially  below  2000  p.  p.  m.,  high  results  were  obtained,  due 
to  a  delayed  end  point.  The  results  in  higher  ranges  with  the 
use  of  this  sodium  chloride  are  presented  in  Table  V. 


Table  V. 

Effect  of  NaCl  for  Sharpening  the  End  Point 

SO4 

SO4 

BaCli  NaCl 

Present 

Found 

Error 

Used  Used 

P.  p.  m. 

P.  p.  m. 

% 

Cc.  Grains 

1  cc.  of  BaCh  =  1.04  mg.  of  SO4; 

pH  8.3 

0.2  gram  of  THQ 

97 

108 

+11.0 

2.60  0.5 

97 

106 

+9.0 

2.55  0.2 

291 

408 

+4.0 

9.80  1.0 

1 

cc.  of  BaCh  =  10.49  mg.  of  SOi; 

0.4  gram  of  THQ 

3292 

3273 

-0.6 

7.80  2.0 

6584 

6630 

+0.7 

15.80  2.0 

1 

cc.  of  BaCh  =  52.45  mg.  of  SO4; 

0.6  gram  of  THQ 

13160 

13113 

-0.4 

6.25  4.0 

19740 

19511 

-1.2 

9.30  4.0 

26320 

25805 

-2.0 

12.30  15.0 

26320 

26015 

-1.1 

12.40  5.0 

32900 

32519 

-1.2 

15  50  5.0 

32900 

32834 

-0.2 

15.65  10.0 

pH  4 

13160 

13113 

-0.4 

6.25  10.0 

0.1  cc.  blank  subtracted  when  1  cc.  of  BaCb  =  1.04  mg.  of  SO4.  25  cc 

of  ethyl  alcohol  denatured  with 

No.  3-A 

or  30. 

Table  VI. 

Results  Obtained  on  Actual  Boiler 

-  and  Feed- 

Water  Samples 

Percentage  Error 

Based  on 

Gravimetric 

Sample  Gravimetric 

THQ 

Betz-Hellige 

THQ 

Betz-Hellige 

1 

9.1 

9.4 

8.7 

+  3.3 

-4.4 

2 

206 

204 

205 

-1.0 

+0.5 

3 

22 

27 

21 

+  22.7 

-4.4 

4 

722 

712 

700 

-1.4 

-3.0 

5 

1461 

1458 

1400 

-0.2 

-4.0 

6 

9833 

9492 

9700 

-3.4 

-1.3 

7 

2315 

2277 

2250 

-1.7 

-2.8 

8 

66 

61 

67 

-7.6 

+1.5 

9 

2193 

2214 

2150 

+  1.0 

-2.0 

10 

23602 

24337 

22500 

+  3.1 

-4.7 

11 

484 

494 

455 

+  2.1 

-6.0 

Only  a  few  tests  were  made  adding  sodium  chloride  with 
sulfate  concentrations  below  2000  p.  p.  m.,  but  these  were 
sufficient  to  indicate  that  a  delayed  end  point  producing  high 
results  was  obtained.  The  effect  of  the  sodium  chloride  when 
a  titration  is  carried  at  pH  4  and  in  the  presence  of  various 
ions  was  found  to  give  the  same  results  as  at  pH  8.3. 

The  final  test  of  the  method  was  obtained  by  comparing 
results  by  titrations  of  a  number  of  boiler-water  samples  to 
results  obtained  by  gravimetric  analysis  and  precipitation  as 
barium  sulfate.  A  comparison  of  results  was  also  made  by 
the  Betz-Hellige  method  recently  proposed  (2),  this  being  par¬ 
ticularly  applicable  to  accurate  sulfate  determinations  in 
lower  concentrations.  As  the  sulfate  content  of  boiler  water 
samples  will  not  usually  run  above  2000  to  3000  p.  p.  m.,  and 
it  was  desired  to  test  above  this  range,  some  samples  contain¬ 
ing  a  fairly  high  sulfate  content  were  taken  and  concentrated 
by  evaporation. 

Fairly  good  agreement  was  obtained  throughout  the  range, 
the  percentage  error  being  greater  in  the  lower  concentrations. 
Below  100  p.  p.  m.,  greater  accuracy  will  be  obtained  by  the 
Betz-Hellige  method,  while  in  the  higher  concentrations,  the 
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tetrahydroxyquinone  gives  the  better  result.  Results  can 
be  expected  to  check  with  gravimetric  with  an  average  of 
about  3  per  cent  error. 


p.  p.  m.,  can  be  tolerated  by  adjusting  the  pH  value  of  the 
sample  before  titration  to  approximately  4.0  with  the  aid  of 
bromocresol  green  as  an  indicator.  With  the  exception  of 
iron  and  aluminum,  other  ions  normally 


Table  VII.  Analysis  of  Solutions  Used 


Sample 

Total 

Hard¬ 

ness 

Cl 

HCOs 

C03 

OH 

Dis¬ 

solved 

Solids 

Fe 

SKh 

PO. 

pH 

1 

P.  p.  m. 

24 

P.  p.  m. 

4 

P.  p.  m.  P.  p.  m. 

14 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

6.7 

2 

40 

72 

56 

40 

700 

. . . 

57 

10.9 

3 

58 

12 

60 

6.9 

4 

12 

224 

2i6 

'72 

2208 

6.5 

30 

ii 

11.1 

5 

2 

496 

448 

156 

4432 

11.5 

6 

0 

1408 

2552 

320 

19330 

i'.s 

4 

0 

11.9 

7 

2 

116 

116 

762 

5700 

0.5 

6 

0 

11.9 

8 

88 

12 

29 

6.9 

9 

0 

254 

i52 

540 

5932 

6^5 

i9 

25 

11.9 

10 

11 

Analysis  about  same  as 
13  190 

No.  9. 

264 

SO4  increased  by  Na2S04 
62  . 

57 

11.1 

present  in  boiler  feed  waters  give  no  difficulty. 
It  was  found  that  solid  sodium  chloride  could 
be  used  to  advantage  to  sharpen  end  points 
with  sulfate  concentrations  above  2000  p.  p.  m. 
A  comparison  of  gravimetric,  tetrahydroxy¬ 
quinone,  and  Betz-Hellige  methods  on  boiler- 
water  and  boiler-feed  samples  shows  that  ac¬ 
ceptable  results  in  all  concentrations  were 
obtained.  It  is  believed  that  this  method  of 
sulfate  determination  will  have  possible  ap¬ 
plication  in  determination  of  sulfates  in  fuel, 
cement,  rubber,  and  numerous  other  fields. 


During  the  past  3  months  over  5000  water  samples  have 
been  analyzed  in  the  Betz  laboratories  employing  the  tetra¬ 
hydroxyquinone  method  for  the  sulfate  determination.  Over 
ten  operators  are  employed  in  this  work  and  no  difficulty  has 
been  experienced  with  this  method. 

Conclusions 

The  tetrahydroxyquinone  method  for  sulfate  determination 
has  been  shown  to  be  accurate  up  to  approximately  30,000 
p.  p.  m.  or  a  3  per  cent  solution  of  SO4.  Isopropyl  alcohol 
can  be  used  with  equally  accurate  results  in  place  of  ethyl 
alcohol  for  lowering  the  solubility  of  the  barium  sulfate  and 
hastening  the  precipitation.  The  phosphate  ion,  up  to  60 
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Determination  of  Sulfate 

An  Attempt  to  Determine  Sulfate  by  Titration  with  Lead  Nitrate, 

Using  Eosin  as  Indicator 


JOHN  E.  RICCI,  Department  of  Chemistry,  New  York  University,  New  York,  N.  Y. 


THIS  is  a  report  of  an  attempt  to  titrate  sodium  or  potas¬ 
sium  sulfate  directly  with  standard  lead  nitrate  solution, 
using  eosin  as  indicator.  The  work  arose  from  a  problem  of 
analysis  in  the  phase-rule  study  of  certain  systems  involving 
sulfates,  in  which  it  was  desired  to  find  a  rapid  method  for 
the  direct  determination  of  the  sulfate. 

A  titration  with  lead  nitrate  in  the  presence  of  some  potas¬ 
sium  iodide  as  internal  indicator,  using  the  appearance  of  the 
yellow  lead  iodide  as  the  end  point,  was  attempted  first; 
after  considerable  work  on  this  method,  it  was  given  up  as 
impracticable.  The  writer  then  learned  that  the  method 
had  been  suggested  as  far  back  as  1853  by  Levol  (8),  and  sub¬ 
sequently  by  several  other  chemists  since  that  date  ( 5 ,  10, 
12),  and  that  the  same  conclusion  had  been  reached  as  to 
its  inadequacy  by  other  investigators  who  examined  the 
method  (7,  9,  11).  (Levol  was  also  the  first  to  announce, 
in  1853,  this  type  of  titration  even  for  chloride,  using  the  ap¬ 
pearance  of  yellow  silver  phosphate  as  the  end  point,  instead 
of  silver  chromate,  in  an  otherwise  typical  “Mohr”  titration.) 
The  use  of  potassium  iodide  paper  as  an  external  indicator  for 
this  titration  is  known  as  Pappenheim’s  method  (11),  and 
although  it  was  criticized  as  impracticable  by  Mohr  (11), 
Vinagradov  (18)  as  recently  as  1935  found  it  the  best  of  the 
volumetric  methods  for  the  determination  of  sulfate  by  means 
of  lead  salts.  The  only  other  applications  of  lead  salts  in  the 
volumetric  determination  seem  to  be  in  certain  electrometric 
methods  (14,  80),  and  in  indirect  methods,  in  which  the  sul¬ 


fate  is  precipitated  with  an  excess  of  lead  nitrate  (13)  or  lead 
acetate  (4),  and  the  excess  of  lead  salt  is  titrated  by  chro¬ 
mate  or  molybdate,  respectively.  Roy  (15),  suggesting  the 
titration  of  lead  by  means  of  sulfate  with  fluorescein  as  ex¬ 
ternal  indicator,  mentions  the  possibility  of  using  such  a  titra¬ 
tion  for  the  indirect  estimation  of  sulfate.  Apparently, 
however,  no  method  has  yet  been  suggested  for  the  direct 
titration  of  sulfate  with  lead  salts  by  means  of  an  adsorption 
indicator.  The  reader  is  referred  elsewhere  for  reviews  of 
the  volumetric  methods  for  sulfate,  most  of  which  involve 
the  use  of  barium  chloride  as  standard  solution  (1,  16). 

Suggested  Method 

The  present  method  makes  use  of  eosin  as  an  internal 
indicator  for  the  direct  titration  of  sodium  or  potassium  sulfate 
with  standard  lead  nitrate  solution.  The  end  point  is  indi¬ 
cated  by  the  appearance  of  the  red  lead  salt  of  eosin,  C20H6- 
Br405Pb  (2),  bringing  about  a  change  from  the  yellowish 
flesh  color  of  the  mixture  of  precipitate  and  solution  to  a 
fight  but  distinct  pink-red.  The  following  solutions  were 
used: 

The  sodium  and  potassium  sulfate  solutions  were  prepared 
from  c.  p.  anhydrous  salts,  and  standardized  by  evaporation  to 
dryness  at  250°  C.  and  direct  weighing  of  the  residue.  Strengths 
used  were  from  0.1  M  to  0.32  M. 

The  lead  nitrate  solutions,  also  prepared  from  c.  p.  reagent 
material,  were  standardized  by  treating  a  measured  volume  with 
a  known  weight  of  pure  potassium  iodate,  filtering  off  the  pre- 
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cipitate  of  lead  iodate  and  determining  the  excess  potassium 
iodate  by  adding  excess  of  potassium  iodide  and  sulfuric  acid 
to  the  filtrate  and  titrating  the  liberated  iodine  with  sodium 
thiosulfate  solution  previously  standardized  against  the  same 
pure  potassium  iodate.  The  values  so  obtained  were  checked 
by  repeating  the  procedure,  using  pure  potassium  chromate  in¬ 
stead  of  potassium  iodate,  and  also  by  the  gravimetric  method  of 
precipitating  and  weighing  lead  chromate.  Another  method 
used  for  standardizing  the  lead  nitrate  solution  was  evaporation 
to  constant  weight  at  85°  to  90°  C. 

The  indicator  solution  was  a  0.5  per  cent  solution  of  eosin  Y, 
C2oH6Br405Na2,  in  water. 

The  results  given  in  A,  Table  I,  and  in  Table  II  are  from  a 
series  of  titrations  of  0.1  M  sodium  sulfate  with  0.1  M  lead 
nitrate,  using  12  drops  of  indicator,  the  procedure  being  as 
follows : 

The  sodium  sulfate  solution  (from  6  to  20  cc.)  is  measured  by 
buret  into  a  250-cc.  Erlenmeyer  flask,  enough  water  being  added, 
if  necessary,  to  bring  the  total  volume  at  the  end  point  of  the 
titration  to  30  cc.  After  the  addition  of  12  drops  of  indicator, 
the  lead  nitrate  solution  is  run  into  the  flask  drop  by  drop,  with 
vigorous  shaking.  When  a  certain  amount  of  lead  sulfate  has 
been  precipitated,  as  by  the  addition  of  2  to  3  cc.  of  the  lead 
solution,  the  whole  mixture  is  something  between  yellow  and 
flesh  color.  Each  drop  of  the  lead  solution  causes  a  red  colora¬ 
tion  which  disappears  into  the  comparative  yellow  color  of  the 
mixture  on  shaking  and  mixing.  The  end  point  is  the  appearance 
and  persistence  of  a  distinct  pink  throughout  the  mixture.  It  is 
most  important  that  the  titration  be  finished  very  slowly  and  with 
vigorous  shaking  to  insure  the  re-solution  of  the  red  lead-eosin 
salt  formed  by  each  drop  added  as  the  end  point  is  approached. 

The  best  results  are  obtained  with  the  use  of  a  reference 
color,  with  approximately  the  same  amount  of  lead  sulfate 
in  it  as  will  be  present  in  the  sample  being  titrated,  prepared 
by  mixing  equivalent  volumes  of  the  lead  nitrate  and  sodium 


Table  I. 

Results  of  Typical  Titrations 

(Using  0.1  M  lead  nitrate) 

Total 

Foreign 

Na2SC>4 

Na2SC>4 

Volume 

Salts 

Present 

Found 

Error 

Error 

Cc. 

Grams 

Gram 

Gram 

Gram 

A 

30 

None 

0.0878 

0.0881 

+0.0003 

+  0.3 

30 

None 

0.0910 

0.0909 

-0.0001 

-0. 1 

30 

None 

0.1341 

0.1339 

-0.0002 

-0.2 

30 

None 

0.1594 

0.1588 

-0.0006 

-0.4 

30 

None 

0.1610 

0.1613 

+0.0003 

+  0.2 

30 

None 

0.1751 

0.1745 

-0  0006 

-0.3 

30 

None 

0.1778 

0.1781 

+0.0003 

+  0.2 

30 

None 

0.2104 

0 . 2098 

-0.0006 

-0.3 

30 

None 

0.2661 

0.2673 

+0.0012 

+0.5 

B 

40 

None 

0.2185 

0.2184 

-0.0001 

.0 

40 

None 

0.2186 

0.2192 

+  0  0006 

+  0.3 

40 

None 

0.2201 

0.2214 

+0.0013 

+  0.6 

40 

None 

0.2185 

0.2174 

-0.0011 

-0.5 

NaClOa 

C 

30 

0.5 

0. 1762 

0.1768 

+  0.0006 

+  0.3 

30 

1.0 

0.1762 

0.1767 

+  0  0005 

+  0.3 

30 

1 . 5 

0  1732 

0.1723 

-0  0009 

-0.5 

30 

2.0 

0. 1766 

0. 1769 

+  0.0003 

+  0.2 

D 

40 

0.2 

0.2185 

0.2198 

+  0.0013 

+  0.6 

40 

0.6 

0.2202 

0.2207 

+  0.0005 

+0.2 

40 

0.6 

0.2214 

0.2222 

+0.0008 

+0.4 

NaNOa 

E 

30 

0.1 

0.1743 

0.1744 

+  0,0001 

+0.1 

30 

0.5 

0.1773 

0.1777 

+0.0004 

+  0.2 

30 

1.0 

0.1763 

0.1767 

+  0  0004 

+  0.2 

30 

0.05  NaCl  0.2215 

0.2215 

0.0000 

0  0 

30 

0.02  KI 

0.2143 

0.2140 

-0.0003 

-0.1 

Table  II.  Titration  of  0.1  M  NaoSCh  with  0.1  M 
Pb(N03)2 

(No  foreign  salts,  total  volume  30  cc.) 

No.  of  runs  65 

NajSO*  titrated,  grams  0 . 08  to  0 . 28 

±'d(N03)2  used,  cc.  6  to  20 

Errors,  grams  of  Na2SC>4: 

Extremes  -0.0012  to  +0.0015 

Absolute  average  0.00055 

Algebraic  average  —0.00004 

Errors,  per  cent  of  Na2SC>4: 

Absolute  average  0.33 

Algebraic  average  —0.03 


sulfate  solutions,  with  the  same  amount  of  indicator  and  in 
the  same  total  volume.  With  some  practice,  however,  the 
end  point  is  distinct  enough  even  without  a  reference  color. 
The  results  summarized  in  Table  II  were  obtained  some  with 
and  some  without  such  a  reference;  out  of  72  titrations,  7 
gave  bad  results  and  were  omitted  in  making  up  this  table. 

Effect  of  Variations 

Owing,  of  course,  to  the  relatively  high  solubility  of  lead 
sulfate  and  to  the  properties  of  both  the  eosin  solution  and 
the  lead-eosin  compound  formed,  the  end  point  of  such  a 
titration  will  be  markedly  affected  by  changes  in  conditions, 
such  as  total  volume,  presence  of  foreign  salts,  etc.  Some 
study  was  made  of  the  effect  of  the  variations  of  these  factors 
with  the  following  results: 

Total  Amount  of  Sulfate  That  Can  Be  Titrated. 
The  best  range  is  from  0.1  to  0.15  gram  of  S04~;  the  maximum 
amount  is  about  0.2  gram,  the  equivalent  of  about  18  to 
20  cc.  of  0.1  M  lead  nitrate  solution.  Beyond  this  the  titra¬ 
tion  is  too  doubtful.  The  quantity  of  precipitated  lead  sul¬ 
fate  becomes  so  great  as  to  obscure  the  color  change  required 
for  the  end  point. 

Total  Volume  at  End  Point.  In  the  titrations  reported 
in  Table  II,  the  total  volume  at  the  end  point  was  30  cc.  in 
each  case,  except  where  the  sum  of  the  two  solutions  them¬ 
selves  amounted  to  more.  If  the  final  volume  is  much  above 
30  cc.,  the  colors  are  diluted  too  much,  so  that  it  is  again 
difficult  to  detect  the  end-point  change.  However,  some  varia¬ 
tion  is  possible.  Thus,  with  40  cc.  as  the  final  volume,  10 
titrations  (with  no  omissions),  using  in  each  case  about  15  cc. 
of  the  0.1  M  lead  nitrate  solution  and  with  no  foreign  salts 
present,  gave  a  relative  error  of  0.4  per  cent  as  an  absolute 
average  and  4-0.11  per  cent  as  the  algebraic  average,  with  ex¬ 
tremes  of  —0.5  and  4*0.7  per  cent.  Some  of  these  results  are 
listed  in  Table  I,  B. 

Strength  of  Titrating  Solution.  In  the  present  work 
various  concentrations  of  the  lead  nitrate  were  tried  as 
titrating  solutions,  from  0.1  M  to  0.5  M.  The  best  results 
as  a  whole  (most  widely  applicable  and  reproducible)  were 
obtained  with  0.1  M  lead  nitrate,  the  results  for  which  are 
reported  in  Table  II.  If  a  stronger  solution  of  lead  nitrate 
is  used  in  titrating,  although  the  end  point  is  sharper,  the 
relative  errors  remain  the  same,  since  the  total  amount  of 
sulfate  that  can  be  titrated  also  remains  the  same  as  with  the 
0.1  M  solution — that  is,  a  maximum  of  the  equivalent  of  8 
to  9  cc.  of  0.2  M  solution.  With  19  runs  using  0.2  M  solution, 
with  a  total  volume  at  the  end  point  of  30  cc.  again,  the  aver¬ 
age  absolute  error  was  0.47  per  cent,  and  the  algebraic  average 
error  +0.23  per  cent. 

Indicator  to  Be  Used.  The  quantity  of  indicator  recom¬ 
mended,  12  drops  of  0.5  per  cent  eosin,  was  also  determined  by 
experiment,  and  is  intended  for  the  amounts  of  sulfate  indi¬ 
cated  in  Table  II.  For  smaller  amounts  of  sulfate  it  is  better 
to  use  proportionately  less  indicator,  and  a  proportionately 
smaller  final  volume  at  the  end  point. 

Effect  of  Alcohol.  It  was  hoped  that  alcohol,  through 
its  effect  on  the  solubility  of  lead  sulfate,  might  cause  the  end 
point  to  be 'sharper,  an  effect  found  by  Nikaido  {12)  in  the 
attempt  to  use  potassium  iodide  as  indicator  in  the  titration 
of  sulfate  with  lead  nitrate.  In  the  present  method,  however, 
because  of  its  effect  on  the  color  of  eosin  solution  and  ap¬ 
parently  also  on  the  solubility  or  stability  of  the  lead-eosin 
compound,  alcohol  in  amounts  greater  than  3  to  4  per  cent 
is  found  to  interfere,  delaying  the  end  point  so  much  that  the 
titration  becomes  impossible.  With  smaller  amounts  of 
alcohol,  while  there  is  no  appreciable  interference  there  is  at 
the  same  time  no  improvement  in  the  titration. 

Effect  of  Dextrin.  The  addition  uf  dextrin  as  a  pro¬ 
tective  colloid  was  also  tried,  inasmuch  as  the  color  to  be  ob- 
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served  is  always  that  of  the  mixture  of  precipitate  and  solution, 
but  again  with  no  improvement;  small  amounts  do  not  inter¬ 
fere,  while  larger  amounts  cause  the  end  point  to  appear  too 
soon. 

Effect  of  Acidity.  The  solution  must  be  neutral.  The 
slightest  quantity  of  free  acid  or  base  interferes  with  the 
normal  operation  of  the  indicator.  Perhaps  a  neutralizing 
buffer  could  be  found  which  would  make  the  titration  possible 
in  such  cases,  but  this  was  not  attempted  in  this  work. 

Effect  of  Foreign  Salts  (Table  I,  C,  D,  E).  The  effect 
of  certain  added  salts  was  also  studied,  and  it  was  found  that 
potassium  and  sodium  chlorate  would  not  interfere  if  not 
more  than  1  to  2  grams  were  present.  Thus,  with  from  0.1 
to  2.0  grams  of  sodium  chlorate  present,  in  27  titrations  in¬ 
volving  11  to  16  cc.  of  0.1  M  lead  nitrate,  the  relative  error 
found  was  0.35  per  cent  as  absolute  average,  and  +0.29  per 
cent  as  the  algebraic  average,  with  extremes  of  —0.2  to 
+0.8  per  cent.  Up  to  1  gram  of  sodium  or  potassium  nitrate 
did  not  interfere:  Using  0.1  to  1.1  grams  of  sodium  nitrate 
in  11  runs  requiring  from  12  to  15  cc.  of  the  0.1  M  lead  nitrate 
solution,  the  algebraic  relative  error  was  +0.32  per  cent  with 
extremes  of  —0.2  to  +0.9  per  cent.  A  few  tests  also  showed 
that  0.05  gram  of  sodium  chloride  and  0.02  gram  of  potassium 
iodide  likewise  did  not  interfere:  errors:  0.0,  0.1  per  cent. 
Finally,  in  experiments  with  the  stronger  titrating  solution 
(0.2  M )  the  effect  of  added  salts  was  found  to  be  about  the 
same  as  with  the  0.1  M  solution. 

In  these  titrations  with  foreign  salts  present,  the  reference 
color  used  in  each  case  was  that  for  a  mixture  containing 
approximately  the  same  quantity  of  the  foreign  salt. 

Conclusion 

In  comparison  with  certain  other  similar  methods  recently 
suggested  for  the  direct  titration  of  sulfate,  the  method  is 
similar  in  principle  to  that  of  Schroeder  (titration  with  barium 
chloride,  with  tetrahydroxyquinone  as  internal  indicator, 
16)  and  to  that  of  Strebinger  and  Zombory  (an  indirect  method 
using  sodium  rhodizonate  as  indicator,  17).  Schroeder ’s 
method  applies  to  quantities  of  2  to  20  mg.  of  sulfate,  while 
the  eosin-lead  nitrate  titration  works  best  for  much  larger 
quantities.  (Ampt,  1,  reports  no  success  in  attempts  to 
repeat  Schroeder’s  procedure.)  Batchelder  and  Meloche  (3) 
have  reported  experiments  on  the  titration  of  sulfate  with 
barium  chloride,  using  methyl  red  as  a  hydrolytic  adsorption 
indicator,  with  a  relative  error  of  3  per  cent  in  the  titration. 
The  method  of  Wellings  {19),  in  which  sulfate  is  precipitated 
with  standard  barium  hydroxide  in  the  presence  of  Mg++ 


or  Mn++  and  with  fluorescein  as  adsorption  indicator,  in¬ 
volves  an  average  relative  error,  in  the  published  results,  of 
±0.45  per  cent  in  13  analyses.  This  is  about  the  same  as  the 
error  in  the  procedure  here  reported,  and  although  Wellings’ 
method  appears  to  have  a  wider  applicability,  the  end  point, 
according  to  Iyer  {6),  is  not  sharp,  and  becomes  “very  in¬ 
distinct”  in  the  presence  of  potassium  chloride  and  potassium 
nitrate. 

Summary 

From  0.10  to  0.25  gram  of  sodium  sulfate  may  be  deter¬ 
mined  by  direct  titration  with  0.1  M  lead  nitrate  solution  in 
a  total  (final)  volume  of  30  to  40  cc.,  using  12  drops  of  0.5 
per  cent  eosin  as  indicator.  The  solution  to  be  titrated  must 
be  neutral.  The  best  results  are  obtained  in  the  titration 
of  about  0.15  to  0.20  gram  of  sodium  sulfate  and  with  the 
use  of  a  reference  color.  The  determination  is  then  accurate 
to  about  0.0005  gram  of  sodium  sulfate.  The  presence  of 
1  gram  of  alkali  nitrate  or  2  grams  of  alkali  chlorate  does  not 
interfere. 

Literature  Cited 

(1)  Ampt,  G.  A.,  Australian  Chem.  Inst.  J.  and  Proc.,  2,  10-21 

(1935). 

(2)  Baeyer,  Ann.  Chem.  Pharm.,  183,  46  (1876). 

(3)  Batchelder,  G.,  and  Meloche,  V.,  J.  Am.  Chem.  Soc.,  54,  1319-23 

(1932). 

(4)  Finch,  G.,  Chem.-Ztg.,  36,  782-3  (1912). 

(5)  Grigor’ev,  P.,  and  Korol,  S.,  J.  Chem.  Ind.  Moscow,  7,  1004—6 

(1930). 

(6)  Iyer,  V.,  J.  Indian  Chem.  Soc.,  12,  164-7  (1935). 

(7)  Jellinek,  K.,  and  Krebs,  P.,  Z.  anorg.  Chem.,  130,  263-323, 

especially  295  (1923). 

(8)  Levol,  Bull.  soc.  encour.  ind.  not.,  52,  220-2  (1853);  Dinglers 

polytech.  J.,  128,  447-9  (1853). 

(9)  Medinskii,  K.,  Nikopol’skaya,  V.,  and  Trusov,  M.,  Zavodskaya 

Lab.,  3,  230-1  (1934). 

(10)  Mindalev,  Z.,  Z.  anal.  Chem.,  75,  392-5  (1928). 

(11)  Mohr,  F.,  “Chem.  anal.  Titriermethoden,”  7th  ed.,  pp.  494-6, 

F.  Vieweg  und  Sohn,  Braunschweig,  1896. 

(12)  Nikaido,  Y.,  J.  Am.  Chem.  Soc.,  24,  774-8  (1902). 

(13)  Oddo,  B.,  and  Beretta,  A.,  Gazz.  chim.  ital.,  39,  671-5  (1909). 

(14)  Ringbom,  A.,  Acta  Acad.  Aboensis,  Math.  Phys.,  8,  No.  5 

(1934). 

(15)  Roy,  S.  N.,  J.  Indian  Chem.  Soc.,  12,  584r-5  (1935). 

(16)  Schroeder,  W.  C.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  5,  403-6  (1933). 

(17)  Strebinger,  R.,  and  Zombory,  L.,  Z.  anal.  Chem.,  79,  1-8  (1929). 

(18)  Vinagradov,  A.  V.,  Zavodskaya  Lab.,  4,  167—70  (1935). 

(19)  Wellings,  A.  W.,  Trans.  Faraday  Soc.,  28,  561-4  (1932). 

(20)  Zhukov,  I.,  and  Raikhinshtein,  T.  G.,  J.  Gen.  Chem. 

(U.  S.  S.  R.),  4.  962-8  (1934). 

Received  May  29,  1935. 


Gravimetric  Determination  of  Selenium  in  Alloy  Steel 

Copper  Chloride— Perchloric  Acid  Method 

LOUIS  SILVERMAN,  5817  Douglas  Ave.,  Pittsburgh,  Pa. 


SELENIUM,  like  sulfur  {£),  may  be  separated  from 
alloy  steels  by  solution  of  most  of  the  iron,  chromium, 
nickel,  etc.,  in  copper-potassium  chloride  reagent.  The 
method  of  attack  {1)  has  been  by  (1  to  1)  hydrochloric-nitric 
acid.  Perchloric  acid  is  added,  the  solution  is  fumed,  cooled 
and  diluted,  and  the  silica  is  filtered  off.  The  filtrate  is 
made  30  per  cent  acid  by  volume  with  hydrochloric  acid, 
sulfurous  acid  is  added  in  excess,  and  the  selenium  is  thus 
separated  and  filtered  off  on  a  Gooch,  dried  at  105  C.,  and 
weighed. 


Copper  Chloride  Method 

Transfer  5  grams  of  the  steel  (up  to  0.4  per  cent  of  selenium) 
to  a  600-cc.  beaker,  and  add  about  500  cc.  of  the  copper  chloride. 
Place  the  beaker  on  a  steam  bath  and  stir  frequently.  With 
electrical  stirring  the  sample  is  dissolved  in  less  than  45  minutes. 
Filter  the  precipitate  on  paper  and  wash  with  hot  water,  then 
return  the  paper  to  the  beaker.  The  paper  contains  all  the 
carbon,  sulfur,  and  selenium,  but  only  portions  of  the  iron, 
chromium,  and  silica.  Add  10  cc.  of  the  zinc  oxide-nitric  acid 
solution,  50  cc.  of  water,  and  15  cc.  of  perchloric  acid  and  evapo¬ 
rate  the  solution  to  perchloric  acid  fumes.  Formation  of  chromic 
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acid  indicates  sufficient  heating.  Cool  the  beaker,  add  50  to 
60  cc.  of  water  with  shaking,  and  boil  out  the  chlorine.  Filter 
off  the  silica  and  wash  with  hydrochloric  acid  (1  to  1)  and  water. 
The  volume  of  the  filtrate  is  100  to  125  cc.  Add  100  to  125  cc. 
of  concentrated  hydrochloric  acid  and  100  cc.  of  strong  sulfurous 
acid.  Heat  the  beaker  on  a  steam  bath  for  3  hours,  then  cool. 
Filter  the  selenium  on  a  Gooch,  wash  with  hydrochloric  acid 
(1  to  1),  then  water.  Dry  the  crucible  at  100°  C.,  then  weigh, 
ignite,  and  weigh  again.  The  loss  in  weight  is  selenium. 

Solutions.  Zinc  oxide-nitric  acid  reagent:  200  grams 
of  zinc  oxide  sifted  into  1  liter  of  concentrated  nitric  acid. 
Copper  chloride  reagent:  500  grams  of  (KC1)2.CuC12.2H20, 
100  cc.  of  hydrochloric  acid,  and  2000  cc.  of  water. 

The  advantages  of  the  copper  chloride  solution  method  are: 

The  bulk  of  the  silica  is  removed  in  the  first  filtration, 
so  that  only  a  small  amount  of  silica  need  be  washed  for 
selenium  as  compared  to  the  large  amounts  of  gelatinous 
silica  in  the  acid  attack  method. 

In  the  precipitation  of  the  selenium,  only  about  1  gram  of 
possible  contaminants  is  likely  to  be  present  as  compared  to 
5  grams  in  the  acid  attack  method. 

While  an  extra  filtration  is  required,  less  attention  is 
needed,  and  less  time  is  required  for  fuming  and  for  acid 
treatment. 


Table  I.  Selenium  Determinations 


Sample 


Selenium  Found 

Acid  solution  Copper  chloride 

%  % 


1 

2 

3 

4 

5 


0.25,0.26“  0.26,0.26 

0  38,0  37*  0.38 

0.35,0.36*  0.38 

-  0.26,0.26,0.26,0.26,0.25 

- c  0.32 


°  Contractor,  0.24  per  cent  selenium. 

*  R.  C.  Coburn,  chief  chemist,  Navy  Laboratory,  Munhall,  Pa. 
c  Contractor,  0.31  per  cent  selenium. 


Table  I  gives  data  on  check  determinations.  Small  size 
of  samples  prevented  more  extensive  checks. 


Summary 

Both  sulfur  and  selenium  are  successfully  separated  from 
alloy  steels  by  the  copper  chloride  solution  method.  The 
method  has  several  advantages  over  the  aqua  regia  solution 
attack. 
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Detection  of  Rhenium  in  the  Sodium 

Carbonate  Bead 


HERMAN  YAGODA,  Department  of  Chemistry,  Columbia  University,  New  York,  N.  Y. 


THE  blowpipe  reactions  of  rhenium  have  been  investigated 
by  Geilmann  and  Wrigge  (2),  who  conclude  that  0.05 
per  cent  of  the  metal  can  be  detected  by  heating  a  10-mg. 
concentrate  in  an  open  tube,  reducing  the  sublimate  with 
sulfur  dioxide,  and  observing  the  color  of  the  deposited  film. 
They  also  describe  the  behavior  of  the  element  in  beads  of 
molten  borax,  in  anhydrous  sodium  thiosulfate,  and  in  a 
mixture  of  sulfur  and  sodium  carbonate,  in  all  of  which  the 
rhenium  salts  form  black  dispersions  or  films  of  either  the 
metal  or  the  sulfide.  The  fact  that  manganese  compounds 
produce  a  characteristic  green  coloration  with  fused  sodium 
carbonate  suggested  that  salts  of  the  homologous  element, 
rhenium,  might  also  produce  a  color  reaction  in  the  sodium 
carbonate  bead  that  would  be  serviceable  in  the  identification 
of  the  metal. 

On  fusing  a  minute  fragment  of  potassium  perrhenate  with 
anhydrous  sodium  carbonate,  the  bead  assumes  a  black  color 
which  persists  for  about  1  minute,  measured  from  the  time  of 
the  disappearance  of  the  initial  red  glow.  The  color  of  the 
bead  then  changes  to  yellow,  the  intensity  of  which  slowly 
[diminishes  and  disappears  entirely  at  the  end  of  about  10 
minutes.  Reheating  the  colorless  bead  in  the  flame,  the  same 
set  of  color  transformations  is  observed.  The  formation  of 
the  black  bead  was  also  observed  by  Geilmann  and  Wrigge, 
who  employed  a  mixture  of  sulfur  and  sodium  carbonate  as 
the  flux. 

The  color  changes,  black-yellow-white,  are  given  by  rhenium 
compounds  when  the  bead  is  heated  either  in  the  Bunsen 
dame  or  in  the  oxidizing  or  reducing  flames  produced  with 
the  blowpipe.  The  intensity  is  not  influenced  by  the  addition 
jf  oxidizing  agents  like  potassium  nitrate  or  chlorate,  as  is  the 
iase  with  the  green  manganate  compound  formed  under  the 
>ame  conditions. 

The  yellow  color  of  the  bead  is  not  due  to  sodium  rhenate, 


Na2Re04,  as  might  be  expected  from  the  similar  reaction  in  the 
case  of  manganese,  for  that  compound  possesses  a  green  color 
and  is  unstable  at  high  temperatures  (7).  Since  the  color  of 
the  rhenium  bead  is  the  same  in  both  the  oxidizing  and  re¬ 
ducing  flames,  it  would  seem  that  the  formation  of  the  yellow 
compound  is  not  attended  with  a  change  in  valence.  I.  and 
W.  Noddack  have  observed  that  when  potassium  perrhenate 
is  fused  with  sodium  hydroxide  in  the  presence  of  excess  air, 
a  yellow-colored  compound  is  formed  in  which  the  rhenium 
possesses  the  same  valence  as  in  the  original  perrhenate  salt, 
and  have  demonstrated  that  the  yellow  salt  thus  formed  is 
sodium  mesoperrhenate,  Na3Re05.  As  this  compound  is 
readily  decomposed  by  water  into  sodium  perrhenate  and 
sodium  hyrdoxide,  so  that  on  reheating  the  yellow  mesoper¬ 
rhenate  can  again  be  formed,  it  seems  probable  that  the  yellow 
bead  formed  in  this  test  owes  its  color  to  the  formation  of 
sodium  mesoperrhenate. 

When  present  to  a  predominating  extent,  manganese  hides 
the  color  reactions  produced  by  rhenium  in  the  bead.  The 
presence  of  the  element  can  be  established  in  mixtures,  pro¬ 
vided  the  manganese  content  is  less  than  50  per  cent  of  the 
sample,  by  heating  the  bead  in  the  reducing  flame  of  the 
Bunsen  burner,  or  preferably  that  of  the  blowpipe  flame. 
Under  these  conditions  the  green  manganate  compound  is 
not  formed,  thereby  permitting  the  observation  of  the  yellow 
color  due  to  the  rhenium  compound,  which  is  formed  in  both 
the  oxidizing  and  reducing  flames. 

Of  the  elements  which  form  colored  melts  with  sodium 
carbonate,  only  chromium  is  apt  to  be  mistaken  for  rhenium. 
The  yellow  bead  formed  by  sodium  chromate  can  be  differenti¬ 
ated  from  that  formed  by  rhenium  in  that  the  color  imparted 
by  the  latter  is  not  permanent  and  fades  shortly  after  its 
formation.  The  compounds  of  tungsten  and  molybdenum  do 
not  interfere  with  the  color  reactions  of  rhenium  in  the 
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sodium  carbonate  bead,  as  in  the  presence  of  this  flux  they 
form  colorless  melts.  Molybdic  acid  imparts  a  transitory  black 
color  to  the  bead,  which  disappears  as  the  bead  melts  and 
remains  colorless  on  cooling.  The  yellow  coloration  due  to 
rhenium  can  plainly  be  observed  with  samples  of  sodium 
tungstate  and  molybdate  that  contain  1  per  cent  or  more  of 
potassium  perrhenate. 

Sensitivity  of  the  Reaction 

The  characteristic  color  changes  are  readily  discernible 
when  1  mg.  of  potassium  perrhenate  is  fused  into  a  bead  of 
sodium  carbonate  weighing  30  mg.  With  smaller  quantities, 
the  initial  black  coloration  is  not  visible,  but  the  yellow  color 
of  the  bead  can  be  observed,  though  the  transformation  to 
the  colorless  stage  is  much  more  rapid,  as  can  be  seen  from 
Table  I. 

To  establish  the  minimum  quantity  of  rhenium  that  can 
be  detected  in  the  bead,  calibrated  platinum  spirals  were 
dipped  into  solutions  of  known  rhenium  content,  and  the 
solvent  was  carefully  evaporated  by  holding  the  wire  about 
5  cm.  (2  inches)  above  a  microflame.  This  process  deposited 
on  the  wire  rhenium  salts  whose  weight  could  be  approxi¬ 
mated  from  the  concentration  of  the  solution  and  the  capacity 
of  the  spiral.  When  the  evaporation  was  completed  the  coil 
was  dipped  into  sifted  anhydrous  sodium  carbonate  and 
heated  in  a  small  Bunsen  flame  until  the  salt  fused. 

The  spirals  are  conveniently  made  by  winding  several  turns  of 
No.  30  platinum  wire  on  a  glass  rod  or  other  circular  form  1  to  2 
mm.  in  diameter  and  mounting  the  coil  in  a  glass  rod.  The 
spiral  is  calibrated  by  dipping  the  clean  wire  while  hot  in  distilled 
water  and  measuring  its  increase  in  weight.  The  volume  of 
water  or  solution  picked  up  by  the  coil  varies  with  the  number  of 
turns  and  will  remain  constant,  even  after  many  operations, 
provided  the  wire  is  kept  clean  and  the  sodium  carbonate  is  re¬ 
moved  by  solution  in  dilute  hydrochloric  acid.  Repeated  tests 
on  a  spiral  having  a  capacity  of  0.0033  cc.  did  not  show  a  greater 
variation  in  volume  than  5  per  cent.  This  method  of  securing 
minute  weighed  samples  was  first  described  by  Truchot  for  use 
in  the  study  of  flame  spectra  (<§). 

The  described  method  of  bead  formation  was  adopted,  in  pref¬ 
erence  to  the  standard  procedure  of  placing  the  sample  on  a 
fused  bead,  because  its  use  minimizes  the  loss  of  material  during 
weighing  and  as  a  result  of  decrepitation  in  the  flame.  The 
method  has  the  further  advantage  that  by  building  the  bead 
with  successive  additions  of  sodium  carbonate,  traces  of  a  metal 
left  on  the  wire  by  the  evaporation  of  the  solution  impart  a  deep 
color  to  the  initial  minute  bead,  thereby  rendering  detection 
more  certain.  The  sodium  carbonate  is  sifted  so  as  to  avoid 
rubbing  off  any  of  the  sample  deposited  on  the  wire. 

Observations  were  made  first  on  a  solution  of  pure  rhenium 
metals,  standardized  by  dissolving  a  weighed  quantity  of  the 
element  in  8  I  nitric  acid  and  neutralizing  the  excess 
acid  by  the  addition  of  sodium  carbonate,  and  checked  by  a 
second  solution  containing  potassium  perrhenate.  The  re¬ 
sults  recorded  in  Table  I  show  that  a  minimum  of  0.015  mg. 
of  rhenium  can  be  detected  in  the  absence  of  other  heavy 
metals  through  the  formation  of  a  yellow  bead  and  the  slow 
disappearance  of  its  color. 

Table  I.  Detection  of  Rhenium  in  Sodium  Carbonate 


Bead 


Concn.  of  Standard 
Solution 

Volume 

Rhenium 

Color  of  10-Mg. 
Na2CC>2  Bead 

Per¬ 

sistence 

Mg./cc. 

Cc. 

Mg. 

Sec. 

50  Re 

0.0033 

0.165 

Deep  yellow 

65 

10  Re 

0 . 0033 

0.033 

Yellow 

15 

5  Re 

0.0031 

0.016 

Faint  yellow 

10 

15.3  KReCb 

0.0033 

0.030 

Yellow 

15 

7 . 6  KReOi 

0.0033 

0.015 

Faint  yellow 

10 

12  KReCb 

0 . 0008 

0.006 

Faint  yellow" 

15 

"  Color  visible  only 

in  a  2-mg. 

NasCOs  bead. 

Similar  observations  were  made  with  manganese  salts  in 
order  to  obtain  data  for  a  comparison  of  the  relative  sensi¬ 
tivity  of  the  bead  test  for  the  two  metals.  Table  II  reveals 
that,  in  the  absence  of  other  metals,  0.0008  mg.  of  manganese 
can  be  detected  in  a  bead  of  sodium  carbonate  weighing  10 


mg.  That  the  limit  for  rhenium,  0.015  mg.,  is  not  of  the 
same  order  of  magnitude  can  be  attributed  to  two  factors: 
(1)  that  the  transformation  to  the  mesoperrhenate  in  the 
sodium  carbonate  melt  is  not  quantitative,  and  (2)  that  the 
eye  is  more  sensitive  to  green  light  than  to  yellow. 

Table  II.  Detection  of  Manganese  in  Sodium  Carbonate 

Bead 


Concn.  of  Standard 

Color  of  10-Mg. 

Solution 

Volume 

Manganese 

Na2COa  Bead 

Mg./cc. 

Cc. 

Mg. 

2.94  KMnO* 

0.0034 

0.0035 

Emerald  green 

1.47  KMnOi 

0.0033 

0.0017 

Green 

0.74  KMnOi 

0.0033 

0.0008 

Grayish  green 

0.37  KMnO< 

0.0034 

0.0004 

Very  faint  green" 

3.00  MnSOi 

0.0054 

0.0060 

Deep  green 

0.30  MnSO< 

0.0078 

0.0009 

Grayish  green 

0.30  MnSCb 

0.0033 

0.0004 

Very  faint  green" 

°  Color  visible  only  in  a  2-mg.  NasCOi  bead. 

Tests  were  made  on  the  detection  of  minute  quantities  of 
rhenium  in  the  presence  of  the  other  elements  with  which  it 
is  commonly  associated.  It  was  found  that  in  a  mixture  of 
1  part  of  manganese  and  3  parts  of  rhenium  the  manganese 
did  not  interfere  with  the  detection  of  0.05  to  0.1  mg.  of 
rhenium  provided  the  bead  was  heated  in  the  reducing  flame. 
Also,  0.025  mg.  of  rhenium  can  be  detected  in  a  3-mg.  sample 
of  either  sodium  tungstate  or  molybdate.  A  single  crystal 
of  cesium  perrhenate,  as  formed  under  the  conditions  of  the 
microscopic  test  for  rhenium  (1),  transferred  to  a  platinum 
loop  and  fused  with  sodium  carbonate,  gave  a  yellow  bead  the 
color  of  which  persisted  for  0.5  minute. 

The  bead  test  for  rhenium  cannot  be  applied  directly  to 
mineral  specimens,  as  even  its  richest  ore,  molybdenum  glance, 
seldom  contains  more  than  0.004  mg.  of  the  element  per  gram 
(6).  The  reaction  is  serviceable  in  confirming  the  presence  of 
the  metal  in  the  salts  crystallized  for  the  microscopic  identi¬ 
fication  of  the  element,  such  as  cesium  and  rubidium  perrhen- 
ates  (I)  or  cesium  iodorhenate  (5),  and  in  testing  concen¬ 
trates  obtained  by  analytical  processes  in  which  the  rhenium 
is  systematically  separated  from  the  other  elements  (4). 

Summary 

Rhenium  can  be  distinguished  from  the  other  elements  by 
the  formation  of  a  transitory  yellow  sodium  carbonate  bead. 
The  reaction  is  observable  with  0.015  mg.  of  the  metal  when 
the  bead  is  heated  in  either  the  oxidizing  or  the  reducing 
flame,  and  is  not  interfered  with  by  the  presence  of  tungstates 
or  molybdates.  The  test  can  be  applied  in  the  presence  of 
small  quantities  of  manganese  by  heating  the  bead  in  the 
reducing  flame. 
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JONES  and  Smith  (#),  realizing  the  necessity  for  a  sensitive 
colorimetric  test  for  rotenone,  modified  the  Durham 
qualitative  reaction  in  an  attempt  to  render  the  blue  color 
;  more  lasting.  The  modification,  although  a  sensitive  quali¬ 
tative  test,  failed  to  make  the  color  permanent  enough  for 
[quantitative  work.  Gross  and  Smith  ( 1 )  discovered  a  red 
color  reaction  which  they  developed  into  an  accurate  colori- 
i  metric  test,  but  the  test  was  limited  to  rotenone  in  acetone 
|  solution.  Because  of  the  restriction  to  acetone  solution, 
difficulties  were  encountered  in  applying  this  test  to  liquid  in¬ 
secticides  having  refined  kerosene  bases.  The  Jones-Smith- 
Durham  test  was  found  useful  for  detecting  rotenone  in  some 
liquid  insecticides  but  it  failed  in  several  cases  when  rotenone 
was  known  to  be  present.  One  substance  which  interfered 
with  this  test  was  the  oil  of  sassafras. 

In  the  search  for  a  more  universal  test,  the  authors  found 
that  rotenone  in  the  presence  of  hydrochloric  acid  and  certain 
phenols  developed  color  reactions  in  certain  organic  solvents. 
These  reactions  varied  from  violet-red  to  deep  blue  in  color, 
depending  upon  the  solvent  and  phenol  selected.  The  or¬ 
ganic  solvents  used  were  chloroform,  ethylene  dichloride,  car- 
i)on  tetrachloride,  ether,  alcohol,  and  acetone.  Phenol  and 
»me  of  the  homologs  of  phenol,  such  as  guaiacol  and  thymol, 
jdso  reacted  similarly  in  the  solvents  named.  Small  amounts 
pf  hydrogen  peroxide,  nitric  acid,  and  light  exerted  a  marked 
nfluence  in  accelerating  the  reaction.  Isorotenone  gave  a 
flue  color.  Acetylrotenone  gave  no  characteristic  color 
vithin  an  hour,  but  upon  standing  for  several  hours  a  blue- 
dolet  color  developed. 

The  advantages  of  the  tests  developed  over  the  older  meth- 
>ds  are  its  increased  sensitivity,  making  possible  an  accurate 
luantitative  test  satisfactory  within  the  limits  stated,  and  the 
act  that  substances  usually  found  in  insecticides  do  not  inter- 
ere  with  the  reaction.  Some  samples  of  commercial  rotenone 
;ave  results  approximately  15  per  cent  higher  than  the  known 
otenone  content.  Gross  and  Smith  (1)  obtained  similar  re- 
ults  with  their  test,  which  they  attributed  to  the  presence  of 
leguelin  or  some  unidentified  compounds.  The  difference  in 
olor  observed  in  the  detection  of  rotenone  and  certain  rote- 
iione  derivatives  may  be  used  as  a  future  basis  for  investigation 
a  differentiating  such  substances,  as  well  as  serving  as  an 
lentity  test  upon  comparison  with  known  standards. 

A  qualitative  and  two  quantitative  tests  were  developed 
hich  were  not  interfered  with  by  substances  usually  found  in 
roprietary  liquid  insecticides  containing  extracts  of  pyreth- 
om  flowers,  aliphatic  thiocyanates  (Lethane),  or  oil  of 
(issafras. 

The  following  qualitative  test  is  sensitive  to  0.01  mg.  of 
i  itenone  per  ml. : 

Dilute  1  to  2  ml.  of  the  insecticide  or  solution  containing  ro- 
;none  to  5  ml.  with  chloroform.  Add  5  ml.  of  a  chloroform  solu- 
on  of  thymol  (10  grams  of  thymol  to  100  ml.  of  chloroform), 
dd  3  ml.  of  a  nitric  acid-hydrochloric  acid  mixture  (0.2  ml.  of 


concentrated  nitric  acid  to  100  ml.  of  concentrated  hydrochloric 
acid).  Agitate  for  about  30  seconds.  A  bluish  green  to  blue 
color  appears  when  rotenone  is  present.  The  color  usually  ap¬ 
pears  in  from  30  seconds  to  2  minutes  and  deepens  on  standing. 
In  the  presence  of  the  yellow  coloring  matter  of  pyrethrum  flowers 
and  of  derris  extract,  the  color  is  green  and  turns  upon  standing 
to  a  bluish  green  and  finally  to  blue. 

Two  quantitative  tests  were  developed.  No.  1  can  be 
applied  to  almost  colorless  liquid  insecticides,  such  as  those 
which  contain  rotenone  and  aliphatic  thiocyanates  (Lethane) . 
If  the  insecticide  base  is  a  refined  kerosene,  an  amount  of  re¬ 
fined  kerosene  equal  to  the  amount  of  liquid  insecticides  used 
in  the  test  must  be  added  to  the  standards. 

Test  1.  To  10  ml.  of  a  chloroform  solution  containing  from 
about  0.05  to  2.5  mg.  of  rotenone  per  ml.  in  a  glass-stoppered 
cylinder,  add  10  ml.  of  a  chloroform  solution  of  thymol  (10  grams 
of  thymol  to  100  ml.  of  chloroform)  and  2  ml.  of  a  reagent  made 
by  adding  2.5  ml.  of  3  per  cent  hydrogen  peroxide  to  100  ml.  of 
concentrated  hydrochloric  acid.  Agitate  for  1  minute,  loosen  the 
glass  stopper,  and  expose  the  cylinder  to  the  intense  radiation  of 
a  quartz  mercury  vapor  lamp  having  a  minimum  output  of  1000 
microwatts  per  square  centimeter  in  the  field  of  exposure.  (The 
use  of  bright  sunlight  produced  similar  results  in  approximately 
3  hours.)  A  greenish  blue  color  begins  to  appear  in  the  chloro¬ 
form  layer  in  about  15  minutes.  At  the  end  of  30  minutes,  com¬ 
pare  with  standards  containing  known  quantities  of  pure  rotenone 
prepared  at  the  same  time  in  the  same  manner.  When  the  ro¬ 
tenone  sample  is  not  in  solution  in  a  hydrocarbon  base,  concen¬ 
trated  hydrochloric  acid  may  be  used  in  place  of  the  reagent  de¬ 
scribed. 

Test  2.  To  5  ml.  of  an  acetone  solution  containing  from  0.1 
to  2.0  mg.  of  rotenone  per  ml.  in  a  glass-stoppered  cylinder,  add 
5  ml.  of  an  acetone  solution  of  thymol  (10  grams  of  thymol  to  100 
ml.  of  acetone),  0.1  ml.  of  3  per  cent  hydrogen  peroxide,  and  5  ml. 
of  concentrated  hydrochloric  acid.  A  reddish  violet  color  ap¬ 
pears  within  30  seconds.  After  1  minute  place  the  glass  container 
in  a  water  bath  at  about  20°  C.,  and  at  the  end  of  20  minutes  com¬ 
pare  with  rotenone  standards,  similarly  prepared,  at  the  same 
time. 

When  the  liquid  insecticide  contains  pyrethrum  and  rote¬ 
none  (not  derris  extract)  in  a  refined  kerosene  base,  proceed  as 
follows : 

Prepare  an  extract  of  pyrethrum  with  refined  kerosene.  (Add 
1.8  kg.,  4  pounds,  of  pyrethrum  to  3.785  liters,  1  gallon,  of  refined 
kerosene  and  allow  to  stand  at  least  2  days.)  Filter  and  preserve. 
Match  the  color  of  the  insecticide,  approximately,  with  the  ex¬ 
tract  by  diluting  with  refined  kerosene.  Prepare  a  chloroform 
solution  of  rotenone  of  suitable  concentration.  Use  the  diluted 
pyrethrum  extract  and  rotenone  solution  in  preparing  the  stand¬ 
ards  using  the  same  amount  of  extract  in  the  standards  as  insecti¬ 
cide  used  in  the  test.  Proceed  as  in  quantitative  test  No.  1. 
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CONSIDERABLE  interest  attaches  to  the  heavy  metals 
present  in  small  amounts  in  sea  water.  Of  these,  iron 
is  particularly  important,  for  there  is  little  doubt  but  that  it 
may  be  a  limiting  factor  in  the  growth  of  certain  organisms. 
Thompson,  Bremner,  and  Jamieson  (8)  reviewed  the  litera¬ 
ture  on  this  subject  and  proposed  a  method  for  the  deter¬ 
mination  of  total  iron  in  the  water. 

Any  study  of  the  availability  of  iron  must  involve  its 
separation  into  the  several  possible  forms  of  combination. 
Thompson  and  Bremner  later  ( 1 )  modified  their  method 
and  determined  both  “soluble”  and  “total”  iron  in  a  number 
of  samples  of  water.  The  present  paper  describes  an  attempt 
to  determine  the  concentration  of  “free  dissolved  ferrous  and 
ferric  ions,”  and  since  a  somewhat  different  method  of 
analysis  is  used  the  results  are  not  strictly  comparable  with 
those  of  Thompson  and  Bremner,  who  evaporated  filtered 
samples  with  sulfuric  acid  to  eliminate  interfering  substances 
such  as  fluoride  and  organic  matter,  and  then  determined  iron 
colorimetrically  with  thiocyanate,  extracting  the  color  with 
isoamyl  alcohol. 

The  method  here  described  depends  primarily  upon  the 
precipitation  of  iron  as  sulfide.  The  results  therefore  include 
iron  in  all  forms  of  combination  yielding  ferrous  ions  in  the 
concentrations  demanded  by  the  solubility  product  of  ferrous 
sulfide.  Ferric  ions  are  also  included,  owing  to  the  reducing 
action  of  the  sulfide  ion  in  the  concentrations  used.  Ad¬ 
mittedly,  organic  matter  interferes  with  the  precipitation, 
but  whether  this  actually  occurs  in  sea  water  and,  if  so,  how 
much  of  the  iron  is  held  in  such  organic  combination,  is  out¬ 
side  the  present  discussion. 

Much  of  the  early  work  on  heavy  metals  in  sea  water  was 
based  upon  their  precipitation  by  sulfide,  but  unless  some 
method  of  concentration  is  used  the  removal  is  incomplete 
in  such  high  dilutions.  However,  the  fortunate  presence  of 
magnesium  in  relatively  large  amounts  makes  it  possible  to 
use  a  process  of  co-precipitation,  the  extremely  small  quan¬ 
tities  of  ferrous  sulfide  resulting  from  the  addition  of  alka¬ 
line  sulfide  being  carried  down  quantitatively  by  the  larger 
amount  of  basic  magnesium  salts  simultaneously  formed. 
The  iron  is  brought  into  solution  again  in  small  volume, 
oxidized,  and  finally  estimated  colorimetrically  with  thio¬ 
cyanate. 

A  serious  difficulty  with  this  latter  reaction  has  always  been 
the  instability  of  the  colored  compound  in  water  solution. 
While  trying  various  methods  of  extraction  it  was  observed 
that  ethylene  glycol  monobutyl  ether,  which  is  a  moderately 
good  extractive,  will,  when  dissolved  in  the  solution  in  small 
amounts,  stabilize  the  color  reaction  and  retard  the  fading 
long  enough  to  permit  colorimetric  comparison  in  the  water 
solution  without  extraction  by  any  organic  solvent. 

Method  Used 

A  500-ml.  sample  of  sea  water  is  filtered  through  a  Seitz  filter 
and  transferred  to  a  1-liter  Erlenmeyer  flask.  Five  milliliters  of 
ammonium  sulfide  reagent  are  added  and  the  solution  is  brought 
to  boiling  for  a  few  moments.  A  fine  magnesium  precipitate 
should  form,  which  settles  quickly  on  standing.  If  the  precipi¬ 
tate  fails  to  appear,  the  solution  is  not  sufficiently  alkaline,  and  a 
small  amount  of  ammonium  hydroxide  (ordinarily  not  more  than 
5  ml.)  should  be  added  and  the  boiling  repeated.  The  precipi¬ 
tate  is  filtered  on  a  small  paper  filter  in  a  Gooch  crucible,  under 
gentle  suction.  After  washing,  it  is  dissolved  in  20  ml.  of  dilute 
hydrochloric  acid  (approximately  2.5  A)  and  the  solution  boiled 
to  remove  hydrogen  sulfide.  Then  2  ml.  of  bromine  water  are 


added  and  the  excess  bromine  is  boiled  off.  When  the  solution 
has  cooled,  5  ml.  of  concentrated  hydrochloric  acid  are  added, 
and  the  solution  is  made  alkaline  with  concentrated  ammonium 
hydroxide.  In  this  way  iron  is  precipitated,  with  only  small 
traces  of  magnesium.  The  precipitate  is  filtered  off  on  a  small 
Whatman  paper  (No.  42)  and  dissolved  by  running  20  ml.  of 
2.5  A  hydrochloric  acid  through  the  filter.  The  filtrate  is  caught 
in  a  100-ml.  Nessler  tube  and  made  up  to  the  mark.  Then  2  ml. 
of  ethylene  glycol  monobutyl  ether  and  10  ml.  of  a  10  per  cent 
solution  of  potassium  thiocyanate  are  added  and  the  contents  of 
the  tube  mixed  by  covering  the  ground  end  of  the  tube  with  a 
glass  plate  and  inverting.  The  color  is  compared  with  a  set  of 
standards  in  similar  tubes.  These  are  prepared  by  adding  5  ml. 
of  concentrated  hydrochloric  acid  and  the  desired  amount  of 
standard  iron  solution  (0.002,  0.005,  0.01,  0.015,  0.02  mg.  of  iron 
as  ferric  alum)  to  Nessler  tubes  and  treating  with  potassium  thio¬ 
cyanate  and  the  ether  as  before.  The  colors  will  remain  per¬ 
manent  for  an  hour  or  more. 

If  preferred,  the  color  comparison  may  be  carried  out  in  a  long- 
tube  colorimeter,  which  makes  closer  differentiation  possible  than 
with  the  use  of  Nessler  tubes,  but  it  is  very  doubtful  whether  in 
the  long  run  the  results  are  any  more  accurate. 

Occasionally  samples  of  c.  p.  hydrochloric  acid  and  ammonium 
hydroxide  are  found  which  are  practically  iron-free.  If  not,  the 
reagents  may  be  made  by  redistilling  the  purified  gases  into  pure 
water.  The  ammonium  sulfide  reagent  is  made  by  running  hy¬ 
drogen  sulfide  into  iron-free  ammonium  hydroxide  through  a 
purification  train  consisting  of  a  wash-bottle  and  a  120-cm. 
(4-ft.)  tube  packed  with  glass  wool. 

The  bromine  water  was  tested  daily  for  the  presence  of  iron 
taken  from  the  glass.  The  greatest  source  of  error  was  found  in 
the  filter  paper.  This  was  minimized  by  soaking  all  filter  paper 
and  pads  in  1  to  1  hydrochloric  acid  and  washing  carefully. 

Blanks.  In  the  early  stages  of  the  work,  before  reagents 
were  adequately  purified,  blank  values  from  0.005  to  0.0065 
mg.  were  found.  Later  this  was  consistently  lowered  to  0.002 
to  0.004  mg.  Each  reagent  was  separately  tested  as  a  possible 
source  of  iron,  with  the  following  results,  when  reduced  to  the 
basis  of  a  single  determination : 

Mg. 

Bromine  0.0008 

(NH4)2S  0.0010 

HC1  0.0026 

NH4OH  0.0010 


Total  0.0054 

Duplicate  Determinations.  The  following  pairs  of 
results  were  obtained  at  various  times  from  duplicate  samples, 
independently  precipitated  and  treated: 


Mg.  of  Iron  Found 


0.012 

0.005  0.018 

0.017 

0.015  0.023  0.005 

0.010 

0.004  0.017 

0.019 

0.015  0.021  0.004 

0.0044 

0.0077 

0.0052 

1  (comparison  made  in 

0 . 0045 

0.0073 

0.0053 

)  colorimeter) 

Recovery  of  Added  Iron 

The  test  of  the  adequacy  of  the  method  is  in  the  complete¬ 
ness  with  which  added  quantities  of  iron  may  be  recovered. 
Known  amounts  of  iron,  in  the  order  of  magnitude  which 
might  be  expected  to  be  present  in  the  original  water,  were 
added  to  sea-water  samples  with  the  results  shown  in  Table 
I.  The  iron  added  was  in  the  form  of  ferric  ammonium  sul¬ 
fate.  It  is  evident  from  the  completeness  of  the  recovery  that 
ferric  iron  is  completely  reduced  to  ferrous  by  the  sulfide  ion, 
before  precipitation  of  ferrous  sulfide. 
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Table  I. 

Recovery  of  Added  Iron 

Found 

Before 

after 

Adding 

Iron 

Adding 

Iron 

Iron 

Added 

Iron 

Recovered 

Mg. 

Mg. 

Mg. 

Mg. 

0.01 

0.02 

0.025 

0.015 

0.01 

0.03 

0.04 

0.03 

0.015 

0.02 

0.04 

0.025 

0.015 

0.02 

0  035 

0.02 

0.012 

0.03 

0.042 

0.03 

0.01 

0.02 

0.035 

0  015 

0.001 

0.005 

0.0062 

0.0052)  C 

0.002 

0.005 

0 . 0068 

0.0048) 

0.015 

0.010 

0.025 

0.010) 

0.017 

0.010 

0.025 

0.008  I 

0.010 

0.010 

0.023 

0.013  l 

0.012 

0.010 

0.023 

0.011  I 

0.010 

0.010 

0.021 

0.011 J 

0.005 

0.010 

0.015 

0.010 

0.004 

0.010 

0.015 

0  on 

0.007 

0.010 

0.015 

0.008 

0.005 

0.010 

0.017 

0.012 

0.008 

0.010 

0.017 

0.009 

0.008 

0.010 

0.018 

0.010 

0.005 

0.010 

0  015 

0.010 

0.004 

0.010 

0.015 

0.011 

colorimeter 


(0.007  mg.) 


paper  impure 


Table  II.  Duplicate  Samples  Filtered  in  Different 

Wats 


No.  42  paper 
Seitz  filter 
No.  42  paper 
Seitz  filter 


(Mg.  of  iron 

found) 

0 . 0045 

0.017 

0.025 

0.002 

0.010 

0.023 

0.004 

0.003 

0.0009 

0.0003 

0 . 0003 

0.0004 

0.017 

0.010 

0.0004  )  Comparison  in 
0.0000)  colorimeter 


Table  III.  Influence  of  Fluoride 


Fe  in 

Fluoride 

Original 

Added  to 

Iron 

Water 

Sample 

Found 

Mg. 

Mg. 

Mg. 

0.018 

0.25 

0.017 

0.017 

0.25 

0.019 

0.012 

0.25 

0.010 

0.012 

0.50 

0.011 

0.012 

0.75 

0.013 

0.016 

0.12 

0.015 

0.016 

0.50 

0.021 

0.016 

1.00 

0.015 

Filtration 

Obviously,  if  the  original  water  is  not  filtered  to  remove 
suspended  matter  results  will  be  high,  owing  to  iron  contained 
in  such  material,  even  though  the  subsequent  treatment  is 
not  vigorous  enough  to  oxidize  or  decompose  completely  the 
organic  iron  compounds  contained  in  diatoms,  etc.  This  is 
borne  out  by  the  results  shown  from  Station  1731,  the  samples 
from  which  were  not  filtered,  and  which  are  higher  than  any 
others.  The  results  given  in  Table  II,  comparing  duplicate 
samples,  one  of  which  had  been  filtered  through  No.  42  filter 
paper  and  the  other  through  a  Seitz  filter,  indicate  that  water 
treated  in  the  latter  way  is  more  completely  free  from  iron¬ 
bearing  suspended  matter.  The  samples  in  which  Thompson 
and  Bremner  (I)  determined  “soluble  iron”  were  filtered 
through  No.  42  paper,  which  may  account  for  their  slightly 
higher  results. 

The  varying  results  following  different  methods  of  filtra¬ 
tion  are  evidently  due  not  to  iron  dissolved  from  the  filter 


material,  but  rather  to  the  varying  efficiency  of  different 
filtration  technics  in  the  removal  of  very  fine  suspended  matter, 
bacteria,  or  other  microorganisms  containing  iron.  The 
greater  portion  of  the  total  iron  of  the  water  is  in  suspension. 

Influence  of  Fluoride 

Thompson,  Bremner,  and  Jamieson  mention  the  possible 
occurrence  of  iron  in  the  form  of  a  ferrifluoride  complex,  which 
inactivates  the  iron  as  far  as  the  thiocyanate  reaction  is  con¬ 
cerned.  Although  this  may  be  true,  the  presence  of  fluoride 
has  no  influence  on  the  determination  and  recovery  of  iron 
by  the  present  method.  The  amount  of  fluoride  in  the  water 
should  be  sufficient  to  form  such  complex  ions  with  much  more 
than  the  iron  already  present;  nevertheless,  added  iron  is 
recovered  quantitatively.  Furthermore,  fluoride  was  added 
to  water  samples  containing  small  amounts  of  iron,  which 
were  precipitated  and  determined  both  before  and  after  the 
addition  of  fluoride.  The  results  shown  in  Table  III  es- 


Table  IV.  Iron  in  Sea  Water 


Tem¬ 

Sa¬ 

Location 

Depth 

perature 

linity 

Iron 

M. 

°  C. 

0/00 

Mg./cu.  m. 

Station  1731 

0 

28.20 

36.02 

19 

Not 

38°  06'  N„  68°  54'  W. 

50 

26.81 

36.00 

41 

filtered 

100 

23.42 

36.40 

30 

Compare 

150 

20.95 

36.58 

16 

with  fol 

200 

18.65 

36.42 

16 

lowing 

stations 

860 

4.71 

34.96 

15 

1685 

3.48 

34.94 

8 

Filtered 

Station  1732 

0 

27.67 

35.90 

13 

■37°  21'  N.,  68°  31'  W. 

1370 

4.65 

34.96 

4 

2390 

3.42 

34.96 

6 

2830 

3.11 

34.97 

10 

3830 

2.50 

34.87 

8 

Ration  1734 

0 

25.64 

36.00 

9 

16°  27'  N.,  68°  38'  W. 

50 

21.03 

2 

87 

19.75 

36.56 

3 

175 

18.55 

36.51 

5 

365 

17.96 

35.53 

5 

550 

17.00 

36.35 

6 

730 

14.43 

35.90 

1 

900 

10.21 

35.34 

4 

1330 

4.82 

34.96 

8 

1550 

4.08 

34.97 

2 

2440 

3.45 

34.96 

2 

Station  2450 

0 

22.23 

33.15 

10 

■9°  37'  N.,  69°  57'  W. 

50 

9.35 

34.39 

4 

500 

5.08 

34.96 

6 

1000 

3.88 

34.96 

14 

2200 

3.29 

34.96 

8 

Station  2458 

0 

27.8 

36.26 

6 

5°  54'  N.,  67°  47'  W. 

100 

22.84 

36.47 

6 

200 

18.93 

36.56 

6 

500 

17.97 

36.49 

12 

1000 

10.2 

35.25 

14 

2500 

3.37 

34.90 

8 

Location 

Depth 

Tem¬ 

perature 

Sa¬ 

linity 

Iron 

M. 

°  C. 

0/00 

Mg./cu.  m. 

Station  2220 

0 

13.96 

31.73 

6 

42°  17'  N.,  69°  36'  W. 

20 

13.88 

31.95 

0 

(Gulf  of  Maine) 

40 

4.09 

32.64 

0 

60 

3.66 

32.79 

0 

80 

3.65 

32.92 

4 

120 

3.98 

33.25 

4 

175 

6.07 

33.96 

18  (?) 

200 

6.48 

34.12 

0 

Station  2224 

0 

12.68 

32.00 

0 

43°  12'  N.,  69°  18'  W. 

40 

5.57 

32.60 

0 

(Gulf  of  Maine) 

80 

4.15 

32.80 

0 

175 

3.94 

33.22 

0 

Station  2227 

0 

12.56 

32.28 

4 

42°  15'  N„  67°  16'  W. 
(Gulf  of  Maine) 

40 

5.01 

32.82 

0 

80 

4.78 

33.12 

0 

175 

5.39 

33.80 

0 

Station  2228 

0 

9.63 

32.52 

0 

41°  57'  N.,  67°  06'  W. 
(Gulf  of  Maine) 

30 

9.59 

32.52 

0 

50 

9.61 

32.52 

0 

Surface  Samples  near  Woods  Hole 


Woods  Hole  Harbor  (8/6/34)  6 

(8/8/34)  8 

(8/28/34)  7 

(8/28/35)  3 

Woods  Hole  Eel  Pond  0 

Mouth  of  Great  Pond  4 

Head  of  Waquoit  Bay  10 

Tarpaulin  Cove  6 

Buzzards  Bay,  K-l  3 

Buzzards  Bay,  K— 2  0 

Vineyard  Sound,  L-l  0 

Vineyard  Sound,  L— 2  0 
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tablish  the  fact  that  fluoride  in  several  times  the  normal  con¬ 
centration  has  no  influence  on  the  determination  of  iron  by 
this  method. 

Iron  in  Sea  Water 

Sea-water  samples  from  a  number  of  places  within  cruising 
distance  of  Woods  Hole  were  analyzed  by  the  above  pro¬ 
cedure.  The  results  in  Table  IV  show  that  there  is  a  small 
but  significant  amount  of  free  inorganic  iron — i.  e.,  iron  pre- 
cipitable  as  sulfide — generally  present  in  the  water.  The 
concentration  is  seldom  more  than  10  mg.  per  cubic  meter, 
or  ten  parts  per  billion.  This  is  about  one-quarter  to  one- 
twentieth  of  the  amount  of  total  iron  found  in  the  waters  of 
the  Puget  Sound  area,  by  the  authors  mentioned. 

The  figures  of  Thompson  and  Bremner  (2)  for  “soluble 
iron”  are  also  somewhat  higher  than  those  shown  here,  ex¬ 
cept  in  the  case  of  their  one  deep,  off-shore  station,  where  re¬ 
sults  were  much  the  same  as  at  Stations  1732  and  1734. 
Their  discovery  of  a  maximum  iron  concentration  at  1000  to 
1200  meters  seems  to  have  its  counterpart  here,  too,  at  Sta¬ 
tions  2450,  2458,  and  possibly  1734,  although  at  the  first  of 
these,  at  least,  it  does  not  coincide  with  the  depth  of  minimum 


oxygen  concentration,  which  the  above  authors  think  is  re¬ 
lated  to  it. 

The  water  is  occasionally  free  of  this  form  of  iron,  especially 
on  the  surface  near  the  shore,  and  sometimes  at  other  depths, 
as  at  Stations  2220-28  in  the  Gulf  of  Maine.  Whether  this  is 
entirely  due  to  utilization  of  the  metal  biologically,  or  whether 
this  same  process  is  the  cause  of  the  vertical  differences  in 
concentration  (as  was  shown  to  be  the  case  with  total  iron, 
3),  cannot  be  decided  conclusively  from  the  present  data.  At 
any  rate,  the  growth  of  diatoms  would  seem  to  depend  prin¬ 
cipally  upon  other  forms  of  iron  than  those  responding  to  this 
method  of  analysis.  Presumably  these  are  in  the  nature  of 
organic  or  nondissociable  compounds. 
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Determination  of  Reducing  Sugars  and 
Sucrose  in  Plant  Materials 

W.  Z.  HASSID,  Department  of  Plant  Nutrition,  University  of  California,  Berkeley,  Calif. 


Details  are  given  for  the  clarification  of 
extracted  plant  materials  and  for  determin¬ 
ing  reducing  sugars. 

The  reducing  sugars  are  oxidized  with 
alkaline  potassium  ferricyanide;  the  ferro- 
cyanide  formed  in  the  reaction  is  titrated  in 
acid  solution  with  ceric  sulfate,  which  oxi¬ 
dizes  the  ferrocyanide  back  to  ferricyanide, 
giving  a  measure  of  the  reducing  sugars 
present.  The  indicator  used  for  the  titra¬ 
tion  is  o-phenanthroline  ferrous  sulfate. 

Using  five  different  dry  plant  materials 
and  scpiash  sap,  the  results  obtained  were 
from  0  to  about  5  per  cent  higher  by  this 
method  than  by  the  M  un  son -Walker 
method.  The  method  is  rapid  and  con¬ 
venient,  and  covers  a  wide  range  of  the 
sugar  contents  encountered  in  plants. 

THE  Munson-Walker  method  ( 5 ),  most  widely  used  for 
determination  of  reducing  sugars  in  plants,  gives  satis¬ 
factory  results  when  samples  containing  large  amounts  of 
sugars  are  used.  Reliable  results,  however,  cannot  be  ob¬ 
tained  when  the  samples  to  be  analyzed  contain  small  amounts 
of  sugar.  The  Committee  on  Methods  of  Chemical  Analysis 
of  the  American  Society  of  Plant  Physiologists  ( 1 )  referring  to 
this  method  states,  “As  a  general  rule,  reductions  giving  less 
than  20  mg.  of  copper  should  not  be  weighed  directly,  and 
even  at  this  figure  the  percentage  error  is  high.” 


The  volumetric  methods  used  at  present  for  the  determina¬ 
tion  of  sugars  in  plants  are  not  satisfactory.  The  writer, 
using  two  known  reactions,  developed  a  method  which  gives 
satisfactory  results  when  reducing  sugars  are  determined  in 
plant  tissues  and  saps.  The  reaction  between  the  ferricyanide 
and  reducing  sugars  was  first  suggested  by  Gentele  (S). 
Furman  and  Evans  ( 2 )  have  shown  that  ferrocyanide  can  be 
oxidized  quantitatively  by  ceric  sulfate.  Whitmoyer  (6)  was 
first  to  utilize  these  reactions  and  devised  a  microchemical 
method  to  determine  pure  glucose,  fructose,  and  invert  sugar 
for  amounts  between  0.5  and  2.0  mg. 

In  the  present  method,  precise  results  can  be  obtained  with 
samples  containing  between  1.0  and  10.0  mg.  of  reducing 
sugars.  The  method  is  short,  the  solutions  are  stable,  and  a 
sharp  end  point  is  obtained  in  the  titration. 

Materials  and  Solutions 

Indicator.  A  0.025  M  solution  of  o-phenanthroline  ferrous 
sulfate  was  used  as  an  indicator.  It  was  made  by  dissolving 
0.695  gram  of  FeS04-7H20  in  water;  1.485  grams  of  o-phenan¬ 
throline  monohydrate  were  added  and  stirred  until  all  dissolved, 
giving  a  dark  red  solution,  which  was  then  made  up  to  100  cc. 
volume.  Two  drops  of  the  indicator  were  used  in  each  determi¬ 
nation.  Care  should  be  taken  to  use  exactly  the  same  amount  of 
indicator  in  each  determination,  because  the  ferrous  sulfate  in 
the  indicator  is  oxidized  by  the  ceric  ion.  A  blank  should 
therefore  be  run  on  the  indicator  used.  The  blank  was  found 
to  be  0.30  cc.  when  a  0.0135  M  ceric  sulfate  solution  and  2  drops 
of  the  indicator  were  used.  The  end  point  was  a  sharp  change 
from  orange-brown  to  pale  green.  The  indicator  was  obtained 
from  the  G.  Frederick  Smith  Chemical  Co.,  867  McKinley  Ave., 
Columbus,  Ohio. 

Ceric  Sulfate.  The  ceric  sulfate  was  obtained  from  the 
same  source  as  the  indicator  and  standardized  against  0.1  A 
ferrous  sulfate  as  follows; 
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The  ferrous  sulfate  was  first  standardized  against  0.1  N  potas¬ 
sium  dichromate  by  dissolving  6.95  grams  of  FeS04-7H20  in 
water  to  which  20  cc.  of  1  to  1  sulfuric  acid  had  been  added  and 
diluted  to  250  cc.  Twenty-five  cubic  centimeters  of  the  ap¬ 
proximately  0.1  A  ferrous  sulfate  were  transferred  with  a  cali¬ 
brated  pipet  into  a  300-cc.  Erlenmeyer  flask  to  which  15  cc.  of 
1  to  1  sulfuric  acid  and  25  cc.  of  water  were  added.  One  drop 
of  the  o-phenanthroline  ferrous  sulfate  was  added  and  titrated 
against  standard  0.1  A  potassium  dichromate  until  the  pink 
solution  turned  bluish  green.  It  took  27.5  cc.  of  the  0.1  A  potas¬ 
sium  dichromate  to  neutralize  25  cc.  of  the  ferrous  sulfate.  The 
concentration  of  the  ferrous  sulfate  was  therefore  0.11  A. 

To  8.3063  grams  of  ceric  sulfate  dissolved  in  water,  75  cc.  of 
1  to  1  sulfuric  acid  were  added  and  the  solution  was  diluted  to 
250  cc.  (The  molecular  weight  of  ceric  sulfate  being  332.25, 
this  should  be  a  0.1  A  solution.)  A  25-cc.  aliquot  of  this  ceric 
sulfate  solution  was  transferred  to  a  300-cc.  Erlenmeyer  flask. 
Fifteen  cubic  centimeters  of  1  to  1  sulfuric  acid,  25  cc.  of  water, 
and  one  drop  of  the  indicator  were  added,  and  the  solution  was 
titrated  with  the  standard  ferrous  sulfate.  The  change  from  the 
colorless  or  slightly  green  to  orange-pink  was  taken  as  the  end 
point.  To  neutralize  25  cc.  of  ceric  sulfate  12.75  cc.  were  re¬ 
quired.  The  concentration  of  the  ceric  sulfate  was  0.0539  A, 
which  is  53.9  per  cent  purity  of  the  ceric  sulfate  used. 

The  ceric  sulfate  obtained  from  the  G.  Frederick  Smith 
Chemical  Company  is  not  completely  anhydrous  and  contains 
other  rare  earth  metals.  However,  as  the  ceric  ion  is  the  only 
quadrivalent  ion  effective  in  the  oxidation,  the  other  metals 
do  not  interfere. 

A  dilute  ceric  sulfate  solution  suitable  for  use  in  sugar 
analysis  was  made  by  placing  8.3  grams  of  the  ceric  sulfate 
in  about  500  cc.  of  water  to  which  100  cc.  of  1  to  1  sulfuric  acid 
had  been  added  and  diluting  to  1  liter  at  room  temperature. 

This  dilute  ceric  sulfate  solution  was  standardized  against 
the  standard  0.11  A  ferrous  sulfate  solution  in  the  following 
manner : 

A  2-cc.  aliquot  of  the  ferrous  sulfate  solution  was  transferred 
to  a  300-cc.  Erlenmeyer  flask  and  15  cc.  of  1  to  1  sulfuric  acid, 
25  cc.  of  water,  and  one  drop  of  the  indicator  o-phenanthrohne 
ferrous  sulfate  were  added.  The  solution  was  then  titrated  with 
the  dilute  ceric  sulfate  solution  until  the  pink  color  disappeared, 
changing  to  bluish  green  and  then  becoming  colorless.  Two 
cubic  centimeters  of  the  0.11  A  ferrous  sulfate  required  16.25  cc. 
of  the  ceric  sulfate.  The  concentration  of  the  ceric  sulfate  solu¬ 
tion  was  therefore  0.0135  A.  The  solution  was  very  stable; 
its  concentration  did  not  change  after  standing  for  3  months. 

The  ceric  sulfate  solution  could  also  be  standardized  by  the 
method  of  Willard  and  Young  (7). 

Alkaline  Potassium  Ferricyanide.  A  mixture  of  4  grams 
of  potassium  ferricyanide  and  24  grams  of  sodium  carbonate 
was  used  to  make  up  1  liter  of  solution.  The  container  of  this 
solution  was  painted  black  and  when  not  in  use  was  kept  in 
the  dark.  Under  these  conditions  the  alkaline  potassium 
erricyanide  solution  remained  stable  during  6  weeks. 

Standardization  of  Ceric  Sulfate  against  Glucose. 
An  aliquot  of  1,  2,  5,  and  10  cc  of  pure  1  per  cent  anhydrous  glu- 
’ose,  [a]D  52.5,  was  placed  in  each  of  four  100-cc.  volumetric 
tasks  and  made  up  to  volume.  A  10-cc.  aliquot  from  each  of 
hese  flasks,  containing  1,  2,  5,  and  10  mg.  of  glucose,  was  placed 
n  a  200-cc.  Erlenmeyer  flask,  and  25  cc.  of  alkaline  potassium 
erricyanide  were  added  to  each  flask.  The  flasks  with  their 
contents  were  placed  on  the  steam  bath,  so  that  they  were  im- 
nersed  about  one-third.  After  exactly  10  minutes  the  flasks 
vere  removed  and  cooled  to  room  temperature  by  immersing 
hem  in  running  water  for  a  few  minutes,  10  cc.  of  5  A  sulfuric 
icid  were  added,  and  the  flasks  were  well  shaken.  Two  drops  of 
he  indicator,  o-phenanthrohne  ferrous  sulfate,  were  added  and 
he  solution  was  titrated  with  the  0.0135  A  ceric  sulfate  solution. 

The  amount  of  ceric  sulfate  used,  after  subtracting  the 
flank  due  to  the  indicator,  was  directly  proportional  to  the 
.mount  of  glucose  taken.  One  milligram  of  glucose  was 
quivalent  to  2.14  cc.  of  0.0135  A7  ceric  sulfate. 

Description  of  Method 

Clarification  of  Plant  Extract.  The  plant  extract 
I  hould  be  clarified  so  that  it  is  devoid  of  any  coloring  matter 


and  must  be  water-clear.  Any  organic  coloring  matter  present 
in  the  solution  is,  apparently,  oxidized  by  the  ceric  ion  and 
high  results  are  obtained. 

A  water-clear  plant  extract  can  be  obtained  if  the  clarification  is 
carried  out  in  a  small  volume  and  a  small  amount  of  charcoal 
(earboraffin)  is  added.  The  plant  material,  after  extraction  with 
80  per  cent  alcohol  and  evaporation  of  the  alcohol,  is  concen¬ 
trated  to  not  more  than  10  cc.  Five  cubic  centimeters  of  satu¬ 
rated  neutral  lead  acetate  are  added  and  the  excess  of  lead  is  re¬ 
moved  with  10  cc.  of  saturated  disodium  phosphate.  (The  use 
of  oxalate  for  deleading  should  be  avoided  because  of  its  oxida¬ 
tion  by  the  ceric  sulfate.)  Carboraffin  (0.3  gram)  is  added  and 
the  mixture  is  allowed  to  stand  with  occasional  shaking  for  half  an 
hour.  It  is  then  filtered  on  a  small  Buchner  funnel  containing  a 
thin  layer  of  talc  on  a  filter  paper,  prepared  as  follows: 

Fifty  grams  of  talc  powder  are  shaken  with  500  cc.  of  water 
until  a  uniform  suspension  results.  About  25  cc.  of  the  suspen¬ 
sion  are  poured  through  a  small  Buchner  funnel  supplied  with  a 
wet  5.5-cm.  filter  paper  and  a  250-cc.  suction  flask,  using  little 
suction.  The  uniformly  thin  layer  of  talc  is  sucked  free  of  liquid, 
washed  with  a  little  water,  and  sucked  free  of  liquid  again.  The 
water  in  the  suction  flask  is  poured  out  and  the  flask  rinsed  with 
water.  Full  suction  is  then  applied  and  the  plant  extract  con¬ 
taining  the  clarifying  agents  is  filtered  through  the  dry  talc  filter. 
The  precipitate  on  the  filter  is  finally  washed  with  water. 

Hydrolysis  of  Sucrose  in  Plant  Extract.  A  50-cc. 
portion  of  the  clarified  plant  extract  was  taken  and  one  or  two 
drops  of  methyl  red  were  added.  The  solution,  which  was 
slightly  basic  because  of  the  excess  of  disodium  phosphate 
used  in  the  clarification,  was  neutralized  with  a  few  drops  of 
10  per  cent  acetic  acid  to  bring  to  the  acid  color  of  methyl 
red.  The  pH  of  the  solution  was  4.9.  Two  to  four  drops  of  a 
1  per  cent  solution  of  Wallerstein  invertase  scales  were  added. 
(The  invertase  was  obtained  from  The  Nulomoline  Co.,  Ill 
Wall  St.,  New  York,  N.  Y.)  It  is  necessary  to  run  a  blank  on 
this  invertase,  as  it  has  a  slight  reducing  power.  The  solution 
was  allowed  to  stand  for  2  hours  at  28°  or  overnight  at  room 
temperature,  made  up  to  volume,  and  10-cc.  aliquots  were 
used  for  the  determination  of  reducing  sugars.  The  acid 
hydrolysis  of  sucrose  as  used  by  Lehmann  (4)  was  also  found 
to  be  satisfactory.  Fifty  cubic  centimeters  of  the  clarified 
plant  extract  were  transferred  to  a  200-cc.  Erlenmeyer  flask, 
heated  to  70°  for  10  minutes,  then  cooled  rapidly  in  running 
water,  and  sufficient  1 5  per  cent  sodium  hydroxide  was  added 
to  neutralize  to  phenolphthalein.  The  actual  amount  of 
alkali  needed  was  determined  on  a  duplicate  sample,  so  that 
no  indicator  was  added  to  the  solution  to  be  analyzed.  The 
neutralized  solution  was  then  made  up  to  100-cc.  volume  and 
10-cc.  aliquots  were  used  for  the  determination  of  reducing 
sugars. 

Procedure.  The  following  method  was  adopted  for  the 
determination  of  reducing  sugars  and  sucrose : 

One  to  two  grams  of  dry  material  were  weighed  into  glass 
thimbles  provided  with  sintered  glass  porous  bottoms  and  placed 
in  Soxhlet  extractors.  One  hundred  and  twenty-five  cubic 
centimeters  of  80  per  cent  alcohol  were  added  to  each  of  the  300- 
cc.  Erlenmeyer  flasks,  connected  with  the  extractors  to  the  reflux 
condensers,  and  extracted  for  6  hours.  The  flasks  with  the  al¬ 
coholic  extracts  were  placed  on  a  steam  bath,  evaporated  to  about 
10  cc.,  then  cooled  to  room  temperature,  and  cleared  with  5  cc. 
of  saturated  neutral  lead  acetate.  The  excess  lead  was  removed 
with  10  cc.  of  saturated  disodium  phosphate,  0.3  gram  of  charcoal 
was  added,  and  the  mixture  was  allowed  to  stand,  with  frequent 
shaking,  for  30  minutes.  The  precipitate  with  the  charcoal  was 
then  filtered  on  a  small  Buchner  funnel  supplied  with  a  thin  talc 
layer  on  a  filter  paper  prepared  as  described  above.  The  flasks 
were  rinsed  with  cold  water  and  the  final  washing  of  the  precipi¬ 
tate  on  the  Buchner  was  made  with  warm  water.  The  clear 
solutions  were  diluted  in  volumetric  flasks  to  100  or  200  cc. 

Aliquots  of  10  cc.  were  transferred  to  200-cc.  Erlenmeyer  flasks, 
25  cc.  of  alkaline  ferricyanide  were  added,  and  the  flasks  were 
heated  on  the  steam  bath,  cooled,  acidified,  and  titrated  with 
0.0135  A  ceric  sulfate  as  described  above. 

The  10-cc.  aliquots  should  not  contain  more  than  10  mg.  of 
reducing  sugar.  If  more  than  this  amount  is  present,  the 
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ferricyanide  used  is  not  sufficient  to  oxidize  all  of  the  reducing 
sugars.  This  can  easily  be  detected  by  the  disappearance  of 
the  yellow  color  of  the  ferricyanide,  the  solution  becoming 
colorless  after  being  heated  on  the  steam  bath.  In  that  case 
the  sugar  solution  should  be  diluted  to  a  suitable  volume. 

A  standard  25-cc.  buret  was  used  for  the  titration  with  the 
ceric  sulfate.  For  blank  determinations  and  for  samples 
containing  not  more  than  4  mg.  of  reducing  sugar,  a  10-cc. 
buret  calibrated  to  0.05  cc.  was  used. 

When  plant  saps  which  did  not  contain  much  chlorophyll 
and  other  coloring  matter  were  analyzed,  5-cc.  samples  were 
taken  and  clarified  as  in  the  case  of  the  extracted  plant 
material  but  were  not  filtered  with  suction  on  a  Buchner  fun¬ 
nel.  Instead,  they  were  filtered  on  an  ordinary  funnel  and 
filter  paper  directly  into  100-cc.  volumetric  flasks. 
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Table  II.  Comparison  of  Volumetric  with  Munson- 
Walker  Method 


(Reducing  sugars  calculated  as  glucose) 

Volumetric  Method  Munson-Walker  Method 


Glucose 

Glucose 

Glucose 

Glucose 

per  gram 

in  dry 

per  gram 

in  dry 

Plant  Material 

of  dry 

ma¬ 

of  dry 

ma¬ 

Differ¬ 

material 

terial 

material 

terial 

ence 

% 

% 

% 

Before  Hydrolysi 

s 

Swiss  chard 

30.4 

3.04 

29.4 

2.94 

3.40 

Cauliflower  leaves 

34.2 

3.42 

32.8 

3.28 

4.27 

Sugar  cane 

86.2 

8.62 

85.2 

8.52 

1.17 

Sugar  beets 

57.4 

5.74 

55.7 

5.57 

3.05 

Sunflower  leaves 

41.0 

4.10 

39.4 

3.94 

4.06 

After  Hydrolysis 

Swiss  chard 

57.2 

5.72 

55.6 

5.56 

2.88 

Cauliflower  leaves 

83.0 

8.30 

79.8 

7.98 

4.01 

Sugar  cane 

158.4 

15.84 

152.8 

15.28 

3.67 

Sugar  beets 

115.0 

11.50 

111.5 

11.15 

3.14 

Sunflower  leaves 

70.0 

7.00 

67.7 

6.77 

3.43 

The  sucrose  was  determined  as  follows:  50-cc.  aliquots  of  the 
clarified  plant  extracts  were  placed  in  100-cc.  volumetric  flasks 
and  one  or  two  drops  of  methyl  red  were  added.  The  solution 
was  then  neutralized  with  a  few  drops  of  10  per  cent  acetic  acid 
to  bring  to  the  acid  color  of  methyl  red.  Four  drops  of  a  1  per 
cent  solution  of  Wallerstein  invertase  scales  were  added  and  the 
flasks  were  placed  at  28°  for  2  hours  or  left  overnight  at  room 
temperature.  The  flasks  were  then  diluted  to  volume;  10-cc. 
aliquots  were  taken  and  determined  as  in  the  case  of  reducing 
sugars. 

A  blank  was  simultaneously  run  with  water  and  the  same  dose 
of  invertase  using  2  drops  of  the  o-phenanthroline  indicator  as 
in  the  sugar  determinations. 

Calculation  of  Results.  If,  for  example,  in  determining 
reducing  sugars,  a  10-cc.  aliquot  of  the  clarified  extract  from 
2  grams  of  dry  material  diluted  to  200  cc.  required  16.2  cc.  of 
the  standardized  ceric  sulfate,  the  blank  being  0.30  cc.,  the 
calculation  is  made  as  follows : 


(16.2  -  0.3)  X  20  X  100 
2.14  X  2000 


=  per  cent  of  reducing  sugar 


Experimental  Results 

The  titration  was  0.30  cc.  of  0.0135  N  ceric  sulfate,  when 
10  cc.  of  water  and  2  drops  of  the  indicator  were  used. 

A  blank,  substituting  water  for  the  plant  extract,  required 
0.30  cc.  of  0.0135  N  ceric  sulfate.  Since  the  amounts  used  in 
titrating  the  indicator  and  the  indicator  plus  reagents  were 
the  same,  apparently  the  buffering  effect  due  to  the  acetate 
and  phosphate  has  no  noticeable  effect  on  the  reducing  power 
of  the  solution. 

A  blank  on  the  invertase  showed  a  titration  of  0.38  cc.  of 
the  0.0135  N  ceric  sulfate. 

In  order  to  determine  whether  any  sugar  was  adsorbed  by 
the  lead  precipitate,  charcoal,  and  talc,  pure  glucose  was  sub¬ 
jected  to  the  same  treatment  as  the  plant  samples.  The 
results  in  Table  I  show  a  complete  recovery  of  the  glucose; 
hence  no  sugar  was  lost  in  the  process  of  clarification. 


In  another  experiment  1-gram  samples  of  the  same  plant 
material  were  mixed  before  extraction  with  50  mg.  of  pure 
glucose  with  80  per  cent  alcohol,  and  the  reducing  sugars 
were  determined  by  the  volumetric  method  as  before.  There 
was  a  good  recovery  of  glucose  added  to  the  samples,  as  may 
be  seen  from  Table  III. 


Table  III.  Recovery  of  Pure  Glucose,  Using  the  Volu¬ 
metric  Method,  When  Mixed  with  Plant  Material 


(Reducing  values  calculated  as  glucose) 


Plant  Material 


Swiss  chard 
Cauliflower  leaves 
Sugar  cane 
Sugar  beets 
Sunflower  leaves 


Glucose  per 
Gram  of 

Glucose  Dry  Material 
per  Gram  after  Adding 


of  Dry 
Material 

50.0  Mg.  of 
Glucose 

Glucose 

Recovered 

Recovery 

Mg. 

Mg. 

Mg. 

% 

30.4 

80.1 

49.7 

99.4 

34.2 

82.8 

48.6 

97.2 

86.2 

137.5 

51.3 

102.6 

57.4 

106.4 

49.0 

98.0 

41.0 

91.5 

50.5 

101.0 

Table  IV  shows  the  results  obtained  when  expressed  squash 
saps  were  determined  by  the  volumetric  and  Munson-Walker 
methods.  The  results  obtained  by  the  volumetric  method  in 
10  samples  run  higher  from  0  to  4.83  per  cent  than  the  Mun¬ 
son-Walker  method. 


Table  IV.  Comparison  of  Volumetric  with  Munson- 
Walker  Method  When  Plant  Sap  Was  Used 


(Reducing  sugars  calculated  as  glucose) 
Volumetric  Method  Munson-Walker  Method 


Glucose 

Glucose 

Glucose 

Glucose 

Difference 

in  5  cc. 

in  1  liter 

in  5  cc. 

in  1  liter 

between 

of  sap 

of  sap 

of  sap 

of  sap 

Methods 

Mg. 

Grams 

Mg. 

Grams 

% 

110.0 

22.00 

105.0 

21.00 

4.76 

61.3 

12.26 

59.0 

11.80 

3.90 

78.4 

15.68 

78.4 

15.68 

0 

79.2 

15.84 

78.5 

15.70 

0.89 

75.4 

15.08 

73.2 

14.64 

3.00 

88.6 

17.72 

85.6 

16.12 

3.51 

32.3 

6.46 

31.4 

6.28 

2.87 

71.7 

14.34 

68.4 

13.20 

4.83 

67.9 

13.58 

66.0 

13.20 

2.88 

77.4 

15.48 

74.6 

14.92 

3.75 

Table  I.  Effect  of  Clearing  on  Pure  Sugar  Samples 


Glucose 

Glucose 

Glucose 

Dissolved  in  100  Cc. 

Recovered 

Recovered 

Mg. 

Mg. 

% 

50.00 

50.06 

100.1 

50.00 

50.00 

100.0 

50.00 

49.92 

99.8 

100.00 

99.84 

99.8 

100.00 

100.10 

100.1 

Different  plant  materials  were  analyzed  by  the  volumetric 
and  Munson-Walker  methods.  The  results  are  shown  in 
Table  II.  The  values  for  the  ten  samples  determined  by  the 
volumetric  method  were  higher  by  1.17  to  4.27  per  cent  than 
by  the  Munson-Walker  method. 
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The  Assay  of  the  Platinum  Metals 

F.  E.  BEAMISH  AND  J.  J.  RUSSELL,  University  of  Toronto,  Toronto,  Ontario,  Canada 


THE  determination  of 
the  platinum  metal  con¬ 
tent  of  the  silver  bead  has 
always  been  recognized  as 
exceptionally  difficult,  because 
of  the  similarity  of  proper¬ 
ties  of  metals  of  the  platinum 
group,  the  necessity  of  work¬ 
ing  with  small  quantities  of 
the  metals,  and  the  absence  of 
methods  for  separating  and  de- 
termining  such  metals  as 
rhodium,  iridium,  osmium,  and 
ruthenium. 

The  authors  have  been  en¬ 
gaged  in  determining  the  plati¬ 
num  metal  content  of  a  certain 
Canadian  mineralized  property 
and  consequently  were  faced  with  the  necessity  of  devising  a 
method  for  the  complete  extraction  and  determination  of  the 
platinum  metal  group.  A  search  through  the  literature  dat¬ 
ing  back  to  the  discovery  of  the  metals  yielded  no  method  for 
the  analysis  of  the  bead  which  could  be  considered  at  all 
satisfactory  from  the  point  of  view  of  the  complete  individual 
separation  of  the  platinum  group  and  of  effecting  complete 
solution  of  such  metals  as  rhodium  and  iridium  when  these 
are  present  together  in  the  cupeled  bead. 

Much  valuable  work  has  been  done  on  the  determination 
of  the  individual  platinum  metals  and  on  restricted  separa¬ 
tions,  such  as  the  separation  and  determination  of  platinum 
and  palladium  by  Krauss  and  Deneke  (9).  Paal  and  Amber- 
ger  (11)  established  the  foundations  for  a  new  method  of 
separation  of  the  platinum  metals  in  the  use  of  the  oxides 
of  the  metals  precipitated  in  a  medium  of  controlled  acidity. 
Wichers,  Gilchrist,  and  Swanger  (12)  extended  very  success¬ 
fully  these  and  other  researches  to  the  complete  wet  separation 
of  the  platinum  metals  and  devised  a  macroprocedure  for  their 
determination,  which  the  authors  have  found  of  exceptional 
value.  Their  work  was  not  designed  to  apply  to  the  assay 
bead  containing  members  of  the  platinum  group,  gold,  and 
silver.  The  authors  have  made  use  of  this  work  in  an  attempt 
to  devise  a  simple  and  accurate  procedure  for  the  fire  assay 
of  the  platinum  metals.  The  present  report  deals  with  some 
of  the  individual  problems  encountered  during  the  develop¬ 
ment  of  the  combination  method  of  assay. 

Distribution  of  Palladium 

The  procedures  for  parting  the  silver-platinum  metal  bead 
yy  means  of  sulfuric  acid  may  be  divided  into  two  classes. 
In  the  modified  parting  method,  advocated  by  Graham  (8) 
or  routine  analysis,  an  attempt  is  made  to  remove  the  silver 
rom  the  platinum  metal  residue.  The  parting  is  stopped  at 
-he  last  appearance  of  gas  bubbles,  and  undoubtedly  the 
imount  of  palladium  dissolved  will  depend  upon  the  inter¬ 
pretation  of  the  end  point.  In  the  second,  the  bead  is  parted 
n  boiling  sulfuric  acid.  Fulton  and  Sharwood  (4)  state  that 
i  vhen  the  bead  is  parted  by  this  method  palladium  is  dis- 
olved,  leaving  the  remaining  metals  in  the  residue,  and  that 
‘whether  this  solution  is  complete  or  not  has  not  been  demon- 
trated.”  In  a  footnote  they  mention  that  “Lodge  holds 
o  the  contrary.” 

■  Beads  were  made  up  containing  the  proportion  of  platinum 
[jaetals  found  in  ore  concentrates  from  various  localities  chosen 


because  of  the  variable  ratio 
of  palladium  to  the  rest  of  the 
platinum  metals.  Those 
chosen  contained  the  following 
approximate  percentages  of 
metals :  Ontario  concentrates, 
78.0  silver,  8.3  platinum,  9.4 
palladium,  0.6  rhodium,  0.6 
iridium,  and  3.0  gold;  South 
African  concentrate  I,  61.4 
platinum,  34.3  palladium,  1.0 
iridium,  and  2.6  rhodium; 
South  African  concentrate  II, 
83.5  platinum,  9.2  palladium, 
0.9  iridium,  and  0.8  rhodium. 
Each  bead  contained  about  12 
parts  of  silver  to  1  part  of  plati¬ 
num  metals. 

The  bead  was  flattened  and  rolled  into  a  cornet,  20  cc.  of 
concentrated  sulfuric  acid  were  added,  and  the  whole  was  boiled 
for  20  minutes.  (The  authors  have  since  observed  that  there  is  a 
consistent  loss  of  platinum  metals  during  the  flattening  of  the 
bead  unless  extreme  precautions  are  taken.  In  a  forthcoming 
paper  this  matter  will  be  discussed  more  fully.)  The  sulfuric 
acid  was  removed,  a  second  portion  of  15  cc.  of  concentrated 
sulfuric  acid  added,  and  the  mixture  boiled  for  15  minutes  in 
some  cases  and  for  30  minutes  in  others.  The  residue  was 
washed  thoroughly  with  hot  water  and  dilute  sulfuric  acid  until 
the  washings  showed  no  test  for  palladium  with  dimethylamino- 
benzilidene  rhodanine,  as  described  by  Feig]  (3).  The  residue 
was  dissolved  in  the  usual  way  with  aqua  regia  and  the  nitric 
acid  removed.  When  gold  was  present  it  was  removed  by  re¬ 
duction  with  oxalic  acid  which  also  precipitated  small  amounts  of 
palladium. 

The  gold  was  filtered  off  and  the  filtrate  containing  platinum 
and  palladium  made  up  to  30  cc.  with  hot  water.  The  acidity 
of  this  solution  was  adjusted  to  pH  4  by  means  of  a  filtered  10 
per  cent  solution  of  sodium  bicarbonate  and  bromophenol  blue 
indicator.  Two  cubic  centimeters  of  a  filtered  10  per  cent 
solution  of  sodium  bromate  were  added  and  the  solution  was 
boiled  for  15  minutes.  The  addition  of  the  sodium  bicarbonate 
solution  was  then  continued  to  an  acidity  of  pH  6,  using  bromo- 
cresol  purple  as  indicator.  The  brown  palladium  dioxide  was 
filtered  through  a  small  filter  paper  and  washed  with  hot  water 
freshly  distilled.  (Distilled  water  which  has  been  exposed  to 
fumes  of  ammonia  or  acids  will  vary  considerably  from  its  usual 
pH  of  about  6.  Particularly  in  the  case  of  rhodium,  the  dioxide 
is  carried  through  the  filtering  medium  as  suspended  material 
if  the  wash  water  is  much  more  basic  than  pH  6.  In  this  case 
the  water  can  be  adjusted  by  addition  of  dilute  sulfuric  acid.) 
The  palladium  dioxide  was  dissolved  by  pouring  4  cc.  of  a  hot 
hydrochloric  acid  solution  (1  to  1  by  volume)  through  the  filter 
paper  and  washed  with  about  30  cc.  of  hot  water.  The  palladium 
was  precipitated  with  dimethylglyoxime  and  filtered  through  a 
No.  00  Munktell’s  7-cm.  filter  paper.  The  washed  compound 
was  ignited,  reduced,  cooled  in  an  atmosphere  of  carbon  dioxide 
and  then  air,  and  finally  weighed  as  metal.  When  gold  was 
absent  the  palladium  was  precipitated  from  the  acid  solution  of 
palladium  and  platinum  as  the  dioxide  and  then  with  dimethyl¬ 
glyoxime  as  described  above.  The  results  obtained  are  given  in 
Table  I. 


Table  I. 

Distribution  of  Palladium  in  Bead 
with  Sulfuric  Acid 

on  Parting 

Sample 

Type  of 

Palladium 

Time  of 

No. 

Concentrate 

Content 

Mg. 

Parting 

Min. 

Residue 

Mg. 

1 

Ontario 

24.18 

20  and  15 

1.56 

2 

Ontario 

24.03 

20  and  15 

1.36 

3 

Ontario 

24.51 

20  and  30 

0.92 

4 

Ontario 

23.19 

20  and  30 

1.00 

5 

South  Africa  I 

18.36 

20  and  15 

2.21 

6 

South  Africa  I 

17.85 

20  and  30 

2.38 

7 

South  Africa  II 

5.04 

20  and  15 

0.41 

8 

South  Africa  II 

4.98 

20  and  30 

0.00 

9 

South  Africa  II 

5.14 

20  and  30 

0.35 

A  new  procedure  has  been  developed  for 
the  separation  of  palladium  from  silver  in 
sulfuric  acid  solutions  obtained  as  a  result 
of  parting  the  platinum-silver  bead,  and 
for  the  treatment  of  iridium  and  rhodium, 
which  are  dissolved  by  means  of  a  short 
sodium  peroxide  fusion  in  a  silver  crucible. 
Palladium  is  tenaciously  retained  in  the 
residue  left  after  having  parted  the  bead 
with  sulfuric  acid,  and  hence  provision 
must  be  made  for  its  extraction  from  the 
residue.  The  effect  of  dimethylglyoxime 
on  rhodium,  iridium,  osmium,  and  ru¬ 
thenium  solutions  is  shown. 


141 


142 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  2 


Distribution  of  Platinum,  Rhodium,  Osmium, 
and  Ruthenium 

Throughout  these  experiments  it  was  observed  that  when 
the  second  parting  was  continued  for  30  minutes,  and  particu¬ 
larly  in  those  cases  not  recorded  where  the  parting  time  was 
longer,  while  the  amount  of  palladium  present  generally  de¬ 
creased,  yet  appreciable  amounts  of  platinum  and  rhodium 
passed  into  the  solution.  These  facts  indicate  that  it  is 
necessary,  when  the  bead  is  parted  by  means  of  boiling  sul¬ 
furic  acid,  to  provide  for  the  separation  of  palladium  in  the 
aqua  regia  extract  of  the  residue  and  for  the  separation  of 
platinum  and  rhodium  from  the  sulfuric  acid  palladium  solu¬ 
tion. 

Fulton  and  Sharwood  (5)  state  that  the  sulfuric  acid  solu¬ 
tion  obtained  from  parting  does  not  contain  ruthenium  or 
osmium.  When  ruthenium  and  osmium  were  present  in  the 
bead  in  appreciable  proportions  and  the  sulfuric  acid  solution 
was  boiled,  osmium  was  collected  in  sodium  hydroxide  solu¬ 
tion  and  precipitated  as  the  hydrated  dioxide.  When  sodium 
bromate  was  then  added  to  the  sulfuric  acid  solution,  ruthe¬ 
nium  was  distilled  off  and  collected  in  sodium  hydroxide 
solution  and  also  precipitated  as  the  hydrated  dioxide.  When 
the  aqua  regia  extract  was  distilled,  osmium  was  collected 
and  precipitated  as  the  dioxide.  Fusion  of  the  final  residue 
with  sodium  peroxide  and  subsequent  distillation  of  the  fusion 
showed  the  presence  of  large  quantities  of  both  osmium  and 
ruthenium. 

Separation  of  Palladium  from  Large  Amounts 

of  Silver 

Heretofore  silver  has  usually  been  separated  from  palladium 
(and  small  amounts  of  other  platinum  metals)  in  the  sulfuric 
acid  solution  resulting  from  the  parting  of  the  assay  bead, 
by  precipitating  it  as  the  chloride.  The  precipitate  always 
occludes  palladium.  To  overcome  this  difficulty  silver  is 
precipitated  from  a  dilute  solution,  and  the  chloride  is  dis¬ 
solved  and  reprecipitated.  After  concentrating  the  filtrates, 
a  small  amount  of  silver  chloride  may  appear  and  have  to 
be  removed.  Complete  separation  of  the  two  metals  by  this 
method  is  tedious  and  time-consuming. 

The  precipitation  of  palladium  dioxide  at  pH  6,  used  by 
Gilchrist  (7)  to  separate  palladium  (together  with  rhodium 
and  iridium)  from  platinum,  can  also  be  used  to  separate 
palladium  from  silver,  and  offers  a  direct  method  of  removing 
palladium  from  the  sulfuric  acid  solution,  in  the  presence  of 
relatively  large  amounts  of  silver.  This  was  demonstrated 
as  follows: 

A  palladium  sulfate  solution  was  prepared  from  palladium 
chloride  by  repeated  precipitation  of  the  dioxide  according  to  the 
directions  given  by  Gilchrist  (7)  and  solution  of  the  dioxide  in 
sulfuric  acid  (1  to  1).  To  four  10-cc.  portions  of  this  acid  solution 
800-mg.  portions  of  silver  carbonate  were  added,  followed  by 
boiling  to  dissolve  the  silver  sulfate.  The  resulting  solutions 
were  neutralized  to  pH  4  with  sodium  bicarbonate,  using  bromo- 
phenol  blue  as  indicator.  Each  solution  was  then  treated  with 
5  cc.  of  a  10  per  cent  solution  of  sodium  bromate,  boiled,  and 
neutralized  to  pH  6,  as  indicated  by  bromocresol  purple.  After 
boiling  the  solution  for  20  minutes,  the  precipitate  of  brown  pal¬ 
ladium  dioxide  was  collected  in  a  porcelain  micro-Gooch  crucible 
with  asbestos  mat  (a  small  filter  paper  could  be  used)  and 
washed  with  hot  water  of  pH  6.  The  crucible  was  placed  in  a 
beaker  and  treated  with  4  cc.  of  hot  hydrochloric  acid  (1  to  1), 
in  which  the  precipitate  dissolved  rapidly.  The  acid  solution 
was  diluted  to  about  30  cc.,  and  filtered  from  the  asbestos  and  a 
small  amount,  of  silver  chloride.  Palladium  was  precipitated 
from  these  solutions  with  dimethylglyoxime,  ignited  in  air,  re¬ 
duced  in  hydrogen,  cooled  in  carbon  dioxide,  and  weighed.  The 
results  obtained  were  0.0219,  0.0219,  0.0219,  and  0.0218  gram. 
Direct  determination  of  palladium  in  10  cc.  of  the  palladium 
sulfate  solution  yielded  0.0219  gram. 

In  applying  this  procedure  to  the  sulfuric  acid  obtained  in 
parting  the  assay  bead,  after  diluting  it  and  filtering  off  the 


insoluble  residue,  the  filtrate  is  evaporated  to  a  volume  of 
about  3  cc.  The  viscous  residue  is  cooled  only  slightly, 
diluted  with  hot  water,  and  the  solution  boiled  if  necessary 
to  dissolve  the  silver  sulfate.  The  separation  of  palladium 
is  done  as  already  described.  Small  amounts  of  rhodium, 
ruthenium,  and  platinum  are  likely  to  accompany  palladium 
in  the  sulfuric  acid  parting.  Rhodium  and  ruthenium  will 
precipitate  with  palladium  as  dioxides  but  will  not  accompany 
it  when  it  is  finally  precipitated  with  dimethylglyoxime. 
Traces  of  platinum  which  are  carried  down  with  the  palladium 
dioxide,  unless  proper  precautions  are  observed,  will  later 
contaminate  the  precipitate  of  palladium  dimethylglyoxime 
if  filtration  of  this  precipitate  is  delayed  longer  than  an  hour. 

The  tendency  of  platinum  to  form  a  precipitate  with  di¬ 
methylglyoxime  on  standing  was  confirmed  by  adding  an  excess 
of  the  reagent  to  a  solution  of  chloroplatinic  acid  prepared 
by  dissolving  platinum  in  aqua  regia  and  eliminating  the 
nitric  acid.  A  blue  precipitate,  which  has  been  described  by 
Cooper  (£),  appeared  within  about  30  minutes.  On  the  other 
hand,  0.1  per  cent  solutions  of  rhodium,  iridium,  ruthenium, 
and  osmium,  whether  as  sulfates  or  chlorides,  failed  to  show 
any  precipitate  with  dimethylglyoxime  in  4  days.  The 
observation  that  rhodium  and  iridium  do  not  contaminate 
the  palladium  dimethylglyoxime  precipitate  has  also  been 
reported  by  Gilchrist  (7). 

Determination  of  Palladium  and  Platinum 
in  Residue 

The  residue  from  the  parting  of  the  bead  with  sulfuric  acid 
is  digested  with  dilute  aqua  regia  (1  to  5)  to  dissolve  gold  (if 
present),  platinum,  and  residual  palladium.  If  gold  is  absent, 
the  solution  is  diluted  with  about  30  cc.  of  water  for  each 
25  mg.  of  palladium,  and  the  palladium  separated  from  plati¬ 
num  by  the  dioxide  precipitation,  after  which  it  is  precipitated 
with  dimethylglyoxime  and  added  to  the  palladium  ob¬ 
tained  from  the  parting  solution.  Traces  of  rhodium  and 
iridum  which  are  dissolved  by  the  dilute  aqua  regia  will  be 
precipitated  with  the  palladium  as  dioxides,  but  will  be 
eliminated  by  the  precipitation  with  dimethylglyoxime.  As 
previously  noted,  small  amounts  of  platinum  carried  down  by 
the  dioxide  precipitate  may  contaminate  the  dimethylglyoxime 
precipitate  if  filtration  of  the  latter  is  delayed. 

Reduction  of  platinum  by  means  of  sodium  formate  from 
a  solution  adjusted  to  pH  6  is  recommended  for  the  determi¬ 
nation  of  platinum  after  the  removal  of  palladium.  Sodium 
bromate  interferes  with  the  reduction  and  must  first  be  de¬ 
stroyed  by  evaporation  with  hydrochloric  acid. 

If  gold  is  present,  the  hydrochloric  acid  solution  of  gold, 
platinum,  and  palladium  is  placed  in  a  cup  fashioned  from  20 
grams  of  sheet  lead  and  evaporated  carefully,  silver  is  added 
and  the  whole  is  cupeled.  The  bead  is  parted  with  nitric 
acid  in  the  usual  manner  and  gold  remains  as  a  residue. 

Treatment  of  Rhodium  and  Iridium 

If  rhodium  and  iridium  are  present  in  the  assay  bead,  they 
remain  as  an  insoluble  residue  after  parting  with  sulfuric  acid 
and  treatment  with  dilute  aqua  regia.  According  to  Fulton 
and  Sharwood  U),  treatment  with  strong  aqua  regia  dissolves 
the  iridium,  leaving  a  residue  which  is  considered  to  be 
rhodium,  but  the  authors’  experience  does  not  confirm  this. 
The  literature  records  no  satisfactory  method  for  getting  into 
solution  the  residue  obtained  at  this  stage  of  the  assay  proce¬ 
dures.  Ignition  with  sodium  chloride  in  a  current  of  chlorine  is 
extremely  inconvenient.  Sulfuric  acid  is  used  by  Gilchrist  ( 6 ) 
to  dissolve  freshly  precipitated  rhodium,  and  by  Zhemchuzhnii 
(13)  in  sealed  tubes  to  dissolve  rhodium  sponge,  but  it  scarcely 
attacks  rhodium  which  has  been  previously  cupeled  with 
silver.  Fusion  with  sodium  peroxide  or  a  mixture  of  sodium 
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peroxide  and  hydroxide  in  a  silver  or  nickel  crucible  has  been 
employed  by  many  workers,  including  Claus  (1),  Noyes  and 
Bray  (10),  and  Wichers,  Gilchrist,  and  Swanger  (12),  to 
convert  refractory  platinum  metals  and  their  alloys  into 
soluble  forms  but  not,  in  general,  for  quantitative  purposes. 
A  procedure  based  on  this  method  of  attack  has  been  de¬ 
veloped  which  results  in  complete  solution  of  as  much  as  50 
mg.  of  combined  rhodium  and  iridium  left  after  cupeling  and 
parting  the  silver  bead,  and  treating  the  residue  with  dilute 
aqua  regia. 

The  aqua  regia  solution  is  filtered  from  the  residue,  and  the 
paper  containing  the  latter  is  dried  and  ashed  in  a  silver  crucible. 
About  1.5  grams  of  sodium  peroxide  are  added,  the  crucible  is 
covered,  and  the  contents  are  heated  to  dull  redness  for  5 
minutes.  After  cooling,  the  crucible  is  covered  with  water  in  a 
250-cc.  beaker.  After  the  resulting  reaction,  the  crucible  is  trans¬ 
ferred  to  a  small  casserole  and  washed  with  dilute  nitric  acid. 
This  solution  and  additional  nitric  acid  to  make  10  cc.  of  concen¬ 
trated  acid  are  added  to  the  alkaline  solution.  Iridium  forms 
a  blue  alkaline  solution  which  turns  yellow  when  acidified. 
Rhodium  settles  out  as  a  brown  substance  which  has  not  yet  been 
identified  but  is  presumably  an  oxide.  After  boiling  for  15  min¬ 
utes  to  dissolve  silver,  the  solution  is  filtered  from  the  brown  rho¬ 
dium  compound. 

The  paper  and  contents  are  digested  with  10  cc.  of  concentrated 
sulfuric  acid  in  a  small  Erlenmeyer  flask.  Small  quantities  of 
fuming  nitric  acid  are  added  from  time  to  time,  between  inter¬ 
vals  of  boiling,  to  destroy  organic  matter,  and  digestion  with  the 
boiling  sulfuric  acid  is  continued  until  the  solution  becomes  clear 
and  yellow.  The  solution  is  then  diluted  somewhat,  added  to  the 
nitric  acid  solution,  and  the  whole  evaporated  to  a  volume  of  3  cc. 
If  sulfuric  acid  is  added  directly  to  the  nitric  acid  solution,  with¬ 
out  filtering  off  the  rhodium  compound,  the  latter  collects  in 
rings  on  the  walls  of  the  beaker  as  evaporation  progresses  and 
is  not  easily  gotten  into  solution.  Separate  treatment  of  the 
brown  rhodium  material,  and  filter  paper,  can  be  completed  in 
not  more  than  20  minutes.  Rhodium  or  iridium  not  attacked 
by  the  sodium  peroxide  fusion  would  appear  as  an  insoluble  resi¬ 
due  after  solution  of  the  brown  rhodium  compound  and  de¬ 
struction  of  the  filter  paper  in  sulfuric  and  nitric  acids.  In 
many  trials  of  this  procedure  no  trace  of  unattacked  rhodium  or 
iridium  has  been  found. 

The  small  volume  of  sirupy  liquid  obtained  on  evaporation  of 
the  combined  solutions  is  cooled  slightly  (not  enough  to  solidify) 
and  diluted  with  hot  water.  After  boiling  to  dissolve  all  salts, 
the  rhodium  and  iridium  are  separated  from  the  relatively  large 
amount  of  silver  by  precipitating  their  dioxides  at  pH  6,  exactly 
as  was  done  to  separate  palladium  from  silver,  except  that  10  cc. 
of  the  10  per  cent  solution  of  sodium  bromate  are  used  instead  of 
5  cc.  The  precipitate  is  filtered  off,  washed,  and  dissolved  in 
hydrochloric  acid  in  the  same  way  as  the  palladium  dioxide  pre¬ 
cipitate,  except  that  warming  on  the  steam  bath  is  necessary  to 
dissolve  it.  After  removing  and  washing  the  crucible,  the  solu¬ 
tion  is  first  evaporated  to  a  small  volume,  then  diluted  and  fil¬ 
tered.  The  residue  of  asbestos  and  a  small  amount  of  silver 
chloride  is  thoroughly  washed  with  hot  water. 

If  a  paper  filter  (7  cm.,  Whatman  No.  42)  is  used  instead  of 
asbestos  to  collect  the  dioxides,  most  of  the  precipitate  is  dissolved 
from  the  unfolded  paper  into  a  150-cc.  beaker  with  hot  hydro¬ 
chloric  acid.  The  paper  is  destroyed  with  3  cc.  of  concentrated 
sulfuric  acid  and  small  quantities  of  nitric  acid  in  a  50-cc.  Erlen¬ 
meyer  flask.  After  diluting  and  again  evaporating  to  eliminate 
nitric  acid,  this  solution  is  combined  with  the  main  solution  of  the 
dioxides  and  the  whole  diluted  to  precipitate  silver  chloride,  which 
is  then  removed  by  filtering.  If  the  silver  chloride  is  colored, 
the  paper  and  contents  are  again  treated  with  sulfuric  and  nitric 
acids;  then  a  few  drops  of  hydrochloric  acid  are  added,  and  the 
resulting  solution  is  diluted  and  filtered  into  the  hydrochloric 
acid  solution.  This  treatment  is  repeated  once  more,  if  necessary. 

In  a  number  of  experiments  designed  to  test  quantitative 
recovery  of  rhodium  and  iridium  which  had  been  dissolved  by 
the  foregoing  procedure,  pure  rhodium  and  iridium  sponges 
were  used  instead  of  a  mixed  residue  previously  cupeled  with 
silver.  This  was  done  because  it  has  not  yet  been  established 
whether  the  residue  left  after  treatment  with  dilute  aqua 
regia  is  free  from  other  metals,  or  whether  losses  of  rhodium 
or  iridium  occur  during  cupelation.  Rhodium  was  deter¬ 
mined,  in  the  solutions  resulting  from  the  procedure,  by  pre¬ 
cipitation  with  hydrogen  sulfide  and  ignition  to  metal,  in  the 


manner  described  by  Gilchrist  (6).  Similarly,  Gilchrist's 
procedure  was  used  for  the  determination  of  iridium.  In 
both  cases  smaller  volumes  were  used. 

The  results  obtained  in  four  trials  of  the  procedure  on 
rhodium  and  four  on  iridium  are  given  in  Table  II. 

Table  II.  Solution  of  Iridium  and  Rhodium  by  Fusion 
with  Sodium  Peroxide  in  a  Silver  Crucible 
Sample  . - Iridium - , - Rhodium - , 


Used 

Recovered 

•Used 

Recovered 

Mg. 

Mg. 

Mg. 

Mg. 

25.1 

25.1 

24.8 

24.6 

24.8 

24.6 

24.3 

24.2 

23 '.  5 

23.5 

27.4 

27.4 

29.4 

29.0 

. . 

28.6 

28.2 

Low  results,  such  as  No.  7  and  No.  8,  indicate  that  the 
dioxides  were  not  completely  dissolved  from  the  Gooch 
crucible.  All  the  results  given  have  been  corrected  for  blanks 
amounting  to  0.7  or  0.8  mg.,  which  are  caused  mainly  by 
impurities,  such  as  iron  and  copper,  in  the  silver  crucible. 
The  amount  of  the  blank  is  reduced  if  a  smaller  amount  of 
sodium  peroxide  is  used.  This  is  possible  when  treating  the 
small  amounts  of  iridium  and  rhodium  usually  encountered 
in  the  assay  of  platinum  ores  and  concentrates. 

In  addition  to  its  analytical  use,  the  procedure  for  the  solution 
of  rhodium  and  iridium  has  proved  an  efficient  and  rapid 
method  for  the  preparation  of  salts  from  the  pure  metal 
sponges. 

The  Silver  Crucible 

Some  of  the  silver  crucibles  used  were  purchased  from 
J ohnson  Matthey  and  Company.  The  amount  of  silver  corro¬ 
sion  during  the  5-minute  fusion  with  1.5  grams  of  sodium  per¬ 
oxide  is  about  500  mg.  or  more.  This  means  that  an  or¬ 
dinary  crucible  of  spun  silver  lasts  for  about  twelve  fusions. 

It  was  decided  to  prepare  thick- walled  silver  crucibles; 
and  these  were  made  by  means  of  pure  silver  placed  in  a 
nickel  crucible  which  was  heated  in  a  furnace  until  the  silver 
melted.  The  whole  was  cooled  slowly  and  the  molded  silver 
cut  down  to  the  required  size  in  a  lathe.  One  such  crucible 
prepared  by  the  authors  has  already  made  fifty  fusions  and 
will  last  many  more.  The  outside  dimensions  of  a  suitable 
crucible  may  be  suggested  as :  height,  2  cm.;  top  diameter, 
2.4  cm.;  bottom  diameter,  2.1  cm.;  wall  thickness,  0.4  cm. 
Crucibles  made  by  fusing  silver  chloride  and  soda  ash  often 
contain  appreciable  chlorides. 

Summary 

When  a  bead  with  a  silver-platinum  ratio  of  12  to  1  is 
parted  with  boiling  sulfuric  acid  it  is  necessary  to  provide 
for  the  separation  of  palladium  in  the  aqua  regia  extract. 

Palladium  can  be  removed  completely  from  the  sulfuric 
acid  parting  solution  by  means  of  the  dioxide  precipitation. 

Osmium,  ruthenium,  rhodium,  and  platinum  are  partially 
dissolved  from  the  bead  by  means  of  boiling  sulfuric  acid. 

Platinum  salts  with  dimethylglyoxime  produce  an  indigo- 
blue  or  bronze  compound.  Osmium,  ruthenium,  iridium,  and 
rhodium  salts  dissolved  in  dilute  hydrochloric  acid  or  dilute 
sulfuric  acid  do  not  produce  a  precipitate  on  standing  in 
contact  with  alcoholic  dimethylglyoxime  solution  for  4  days. 

A  suitable  condition  for  the  sodium  formate  reduction  of 
platinum  is  from  solutions  the  acidity  of  which  has  been 
adjusted  to  pH  6. 

Rhodium  and  iridium  can  be  dissolved  by  a  short  fusion 
with  a  small  proportion  of  sodium  peroxide  in  a  silver  crucible 
and  removed  from  the  resulting  silver  solution  by  hydrolytic 
precipitation. 
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A  Thermionic  Titrimeter  without  Batteries 

HOBART  H.  WILLARD  AND  O.  B.  HAGER,  JR.,  University  of  Michigan,  Ann  Arbor,  Mich. 


SINCE  the  vacuum  tubes  in  a  Wheatstone  bridge  circuit 
used  by  Hiltner  (3)  and  others  (1,  J.-7)  are  capable  of 
simultaneously  acting  as  rectifiers  of  alternating  current  and 
as  statically  controlled  variable  resistors  for  the  bridge,  it 
appeared  possible  to  power  a  thermionic  voltmeter  with  or¬ 
dinary  alternating  current.  Trial  not  only  showed  it  to  be 
possible  but  also  showed  that  the  mere  substitution  of  alter¬ 
nating  for  the  usual  direct  current  power  enabled  the  device 
to  measure  alternating  as  well  as  direct  current  applied  volt¬ 
ages. 

Many  vacuum-tube  voltmeters  have  been  described  for 
chemical  purposes  since  their  introduction  by  Goode  (3). 
This  multiplicity  of  offerings  is  not  indicative  of  a  generally 
unsatisfactory  performance  of  vacuum-tube  voltmeters  but 
rather  is  the  result  of  advances  in  electrical  engineering  which 
enable  succeeding  authors  to  offer  operational  improvements 
of  real  value.  More  recently  Hiltner  (3)  introduced  a  novel 
method  of  reducing  the  grid  current  to  an  exceedingly  low 
value,  negligible  so  far  as  titrations  are  concerned.  His 
method  required  no  manual  adjustments,  as  contrasted  to 
previous  methods  of  regulating  the  grid  current.  He  at¬ 
tained  alternating  current  operation  by  the  conventional 
method  of  rectifying  the  alternating  current  before  applying 
it  to  the  tubes.  In  the  interim  between  presentation  of  the 
titrimeter  described  in  this  paper  at  the  88th  meeting  of  the 
American  Chemical  Society  in  September,  1934,  and  the 
present  time,  during  which  it  was  thoroughly  tested  and  de¬ 
veloped,  a  circuit  very  similar  to  Hiltner’s  has  been  offered 
by  Garman  and  Droz  (1).  They  used  alternating  current 
power  through  the  usual  means  of  first  rectifying  and  filtering 
it.  Their  chief  contribution  is  introducing  into  chemical 
literature  and  chemical  vacuum-tube  apparatus  the  principles 
of  mu-balance  in  combination  with  a  Wheatstone  bridge  circuit. 
This  rather  elegant  method  of  eliminating  the  effects  of  line 
voltage  variations  is  probably  effective,  but  considerable  use  of 
the  more  simple  circuit  to 
be  described  has  shown  that 
it  is  stable  enough  for  pur- 
poses  of  titration.  This 
paper  presents  a  much 
simpler  modification  of  the 
Hiltner  voltmeter,  adapting 
the  circuit  to  alternating 
current  power  without  a 
special  rectifying  tube  and 
using  American  vacuum 
tubes. 

Because  of  the  inherent 
stability  of  the  Wheatstone 


bridge  at  and  near  balance,  the  use  of  self-biasing,  and  the 
use  of  a  twin-type  tube  to  obtain  the  advantage  of  identical 
vacuum  and  thermal  fluctuations  for  both  triode  systems, 
together  with  a  heater-type  cathode,  the  usual  fluctuations  in 
the  voltage  of  commercial  lines  have  so  little  influence  on  the 
device  as  to  be  entirely  negligible  for  potentiometric  titrations 
but  great  enough  to  prevent  better  than  about  0.1  pH  preci¬ 
sion  in  pH  measurements. 

As  the  name  implies,  the  titrimeter  is  more  useful  and  re¬ 
liable  for  making  titrations  than  for  measuring  equilibrium 
voltages,  as  in  pH  measurements  with  hydrogen  and  quinhy- 
drone  electrodes.  The  titrimeter  passes  sufficient  current 
(0.1  to  0.5  microampere)  so  that  it  will  not  read  the  zero  cur¬ 
rent  voltage  of  such  cells,  but  it  can  be  employed  to  determine 
pH  by  using  standard  buffers  to  determine  the  small  correc¬ 
tion  due  to  this  small  current.  It  cannot  be  used  with  the 
glass  electrode. 

This  titrimeter  is  distinguished  from  all  others  based  on  the 
principle  of  the  Wheatstone  bridge  by  the  fact  that  the  tubes 
in  the  arms  of  the  bridge  not  only  serve  as  variable  resistors 
but  also  simultaneously  rectify  the  alternating  current  used 
to  power  the  device  and  thus  do  away  with  all  batteries  and 
the  necessity  of  a  rectifying  tube  and  filter  system.  The  re¬ 
sult  of  this  dual  function  of  the  tubes  is  a  remarkably  simple 
circuit  that  requires  fewer  parts  and  is  therefore  simpler  and 
more  economical  to  construct,  more  fool-proof,  and  more  con¬ 
venient  to  use.  It  does  not  easily  get  out  of  order.  One  of 
these  instruments  has  been  in  frequent  use  for  more  than  a 
year  without  giving  any  trouble.  These  advantages  make  it 
particularly  suitable  for  chemists,  who  are  usually  not  fa¬ 
miliar  with  thermionic  circuits. 

Much  experimental  work  has  influenced  the  selection  of  the 
following  circuit  constants  and  materials  as  the  best  compro¬ 
mise  with  regard  to  sensitivity,  stability,  ease  of  operation, 
low  grid  current,  convenient  assembly,  and  general  availa¬ 
bility  of  parts. 


Circuit  Materials 

Tube.  RCA-53.  RCA- 
6A6  is  identical  in  character¬ 
istics  except  that  it  has  a  6.3- 
volt  heater;  otherwise  it  can 
be  5  substituted  for  RCA-53 
without  change. 

Meter.  Weston  micro- 
ammeter,  type  440,  scale 
0-150,  75  divisions,  3.5-ohm 
coil. 

Transformer.  Since 
the  power  requirements  are 
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low,  any  good  radio 
power  transformer 
designed  for  midget 
sets  and  capable  of 
delivering  10  m  a . 
at  220  volts  for  the 
heater  will  be  satis¬ 
factory.  Should 
the  high-voltage 
secondary  of  the 
transformer  to  be 
used  be  higher  than 
220  volts,  the  excess 
is  dissipated  by  Rs, 
(Figure  1). 

Grid  Switch. 
Any  type  of  double¬ 
pole  double-throw 
switch  can  be  used. 
A  Federal  anti¬ 
capacity  switch  can 
be  recommended 
for  its  neat  ap¬ 
pearance,  ease  of 
assembly,  and  ease 
of  operation. 

Fixed  Resis¬ 
tors.  Rp  deter¬ 
mines  the  grid  cur¬ 
rent;  its  value  de¬ 
pends  on  the  char¬ 
acteristics  of  the 
tube,  and  since 
these  vary  it  is  im- 
possible  to  give 
any  definite  value. 
Four  tubes  re¬ 
quired  values  between  50,000  and  200,000  ohms.  The  deter¬ 
mination  of  this  value  is  the  only  adjustment  the  builder  of 
the  titrimeter  is  required  to  make.  This  resistor  is  very  con¬ 
veniently  handled  when  designed  to  be  inserted  in  grid  leak 
mountings,  thus  facilitating  adjustment  whenever  a  new  tube  is 
put  into  operation. 

Rc  is  a  wire-wound  resistor  having  1000  ohms  and  capable  of 
dissipating  about  3  watts.  Only  a  small  fraction  of  this  amount 
of  power  will  actually  be  dissipated,  but  a  wide  margin  is  recom¬ 
mended  as  an  aid  in  preventing  a  noticeable  temperature  rise 
which  would  change  the  resistance  and  cause  drifts  in  the  zero 
setting  of  the  titrimeter. 

Ri  is  a  wire-wound  resistor  whose  value  will  depend  on  the 
value  of  the  high-voltage  winding  of  the  transformer  being  used. 
It  should  be  capable  of  dissipating  three  watts  and  have  a  resist¬ 
ance  as  given  by  the  equation  Rt  =  480  (Et  —  220),  where  Et  = 
transformer  voltage. 

R,  is  a  shunt  resistor  for  the  microammeter  and  has  the  value 
of  20  ohms. 

Variable  Resistor.  Rt  is  a  midget-type  radio  potentiometer 
whose  resistance  is  2000  ohms.  It  must  be  wire-wound. 

Rt  is  a  midget  radio  potentiometer  whose  resistance  is  50  ohms. 
It  must  also  be  wire-wound.  If  a  radio  rheostat  is  chosen  for  Rt 
it  should  be  the  type  with  no  “off”  position.  The  settings  of  R3 
and  Ri  have  no  bearing  on  the  accuracy  or  sensitivity  of  the  ti¬ 
trimeter,  but  the  value  of  Rt  for  measuring  sensitivity  depends  on 
the  effective  resistance  of  the  tubes  and  of  the  meter,  and  the 
value  given  is  the  proper  one  for  the  parts  recommended. 

To  minimize  grid  current  the  following  procedure  is  used: 

A  fairly  sensitive  galvanometer  (a  pointer  type  is  satisfactory) 
is  connected  to  the  e.  m.  f.  binding  posts  and  the  grid  switch  is 
thrown  to  include  the  galvanometer  in  the  grid  circuit.  Rp  is 
then  varied  between  wide  limits  when  attached  to  first  one  grid 
and  then  the  other.  When  Rp  is  attached  to  one  of  the  grids  the 
galvanometer  will  show  minimum  current  for  some  certain  value 
of  Rp.  This  minimum  current  must  under  no  condition  exceed 
0.5  microampere,  and  if  the  proper  value  of  Rp  is  used  the  mini¬ 
mum  can  be  made  0.1  microampere  and  even  less.  In  a  later 
paper  it  will  be  shown  that  a  grid  current  no  greater  than  this  has 
no  effect  on  the  titration  cell. 

It  is  important  that  the  positive  voltage  being  applied  in 
measurements  be  connected  to  the  same  grid  to  which  RP  is 
connected.  A  reversal  of  applied  polarity  immediately 
causes  a  grid  current  of  several  tenths  of  a  microampere  to 


flow  through  the  grid  circuit.  It  is  of  course  necessary  to  ad¬ 
just  the  connection  of  the  microammeter  so  that  the  negative 
binding  post  is  connected  to  the  plate  corresponding  to  the 
grid  to  which  Rp  is  connected. 

The  voltage  to  be  measured  is  connected  to  the  e.  m.  f. 
terminals,  but  the  bridge  circuit  must  first  be  balanced  by 
throwing  the  grid  switch  to  connect  the  two  grids  directly, 
and  adjusting  R3  and  R4  until  the  meter  shows  zero  current. 
Upon  throwing  the  grid  switch  to  include  the  e.  m.  f.  between 
the  grids,  the  bridge  will  be  unbalanced  by  this  potential  to  the 
extent  shown  by  the  reading  of  the  meter. 

If  a  meter  other  than  that  specified  is  used,  its  resistance 
must  not  be  greater  than  50  ohms  unless  one  is  willing  to  sacri¬ 
fice  sensitivity.  The  sensitivity  to  be  expected  with  the 
above  materials  is  0.22  microampere  per  millivolt  impressed 
on  the  e.  m.  f.  terminals.  Various  factors  combine  to  make 
repeated  readings  of  the  same  impressed  voltage  show  a  maxi¬ 
mum  variation  of  about  0.75  microampere,  so  that  one  can¬ 
not  read  with  certainty  closer  than  about  4  millivolts  of  ap¬ 
plied  potential. 

Higher  sensitivities  than  that  given  can  be  obtained  by  de¬ 
creasing  the  value  of  Rc,  the  sensitivity  being  about  double  at 
zero  ohms.  However,  there  is  a  loss  of  stability  as  sensi¬ 
tivity  is  gained  by  this  method  and  the  difficulty  of  control¬ 
ling  the  grid  current  is  increased.  Higher  sensitivities  may 
also  be  obtained  with  tubes  of  types  47,  2A5,  and  possibly 
2A3,  by  using  them  in  a  two-tube  circuit,  but  this  is  more 
than  counterbalanced  by  the  difficulty  of  maintaining  cali¬ 
bration,  by  the  necessity  for  using  large  resistors,  by  the 
greatly  increased  cost,  and  by  other  disadvantages. 

As  a  direct-reading  voltmeter  it  must  be  calibrated  if  the 
meter  specified  is  used.  Figure  2  shows  a  calibration  curve. 
The  calibration  will  not  change  until  the  tube  emission  be¬ 
comes  weak  after  very  long  use.  The  zero  point  should  be 
checked  before  beginning  a  titration  or  making  a  voltage 
reading.  The  apparatus  must  be  calibrated  separately  for 
measuring  direct  and  alternating  current  voltages.  The 
applied  alternating  current  voltage  to  be  measured  must  be 
phased  properly.  If  the  alternating  current  voltage  being 
measured  is  of  the  same  frequency  as  that  applied  to  power 
the  voltmeter  and  if  it  is  also  in  phase  or  180°  out  of  phase 
with  the  voltage  used  for  power,  connecting  the  applied  po¬ 
tential  one  way  to  the  voltmeter  causes  no  response,  whereas 
the  reverse  connection  results  in  meter  readings  proportional 
to  the  applied  alternating  current  voltage. 

Summary 

A  simple  thermionic  voltmeter  without  batteries  has  been 
described  which  operates  from  the  alternating  current  light¬ 
ing  circuit,  and  is  particularly  convenient  for  potentiometric 
titrations.  It  is  sensitive  to  3  or  4  millivolts  and  the  grid 
current,  which  is  usually  not  over  0.1  microampere,  has  no  ef¬ 
fect  on  the  titration  cell. 
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A  Continuous- Reading  Electron-Tube 

Conductance  Meter 

R.  L.  G  ARM  AN,  Washington  Square  College,  New  York  University,  New  York,  N.  Y. 


SEVERAL  investigators  have  discussed  continuous-read¬ 
ing  conductance  meters.  Thus  Jander  and  Schorstein 
(3)  use  a  galvanometer  with  a  bridge,  while  Sand  and  Griffin 
0)  use  a  dry  rectifier  with  a  bridge  network.  Treadwell  U) 
and  Callan  and  Horrobin  {2)  supply  the  voltage  to  the  cell 
and  read  relative  resistance  with  a  vacuum-tube  device. 
Many  of  these  methods  are  not  very  sensitive  or  lack  general 
portability  and  require  the 
use  of  calibration  curves. 


A  vacuum-tube  instru- 

ment  has  been  constructed 
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Figure  1.  Typical  Curve 


cuit  elements  are  properly 
arranged  so  that  meter 
readings  are  a  linear  func¬ 
tion  of  the  resistance  of  the 

conductance  cell.  The  instrument  derives  all  power  from 
alternating  or  direct  current  mains. 


Theory 

The  output  voltage  of  a  bridge  is  a  parabolic  function  of  the 
resistance  of  any  one  of  its  anns.  A  typical  example  is  shown 
in  Figure  1.  The  plate  current-grid  volts  curve  of  a  vacuum 
tube  is  not  a  linear  function  in  the  region  of  high  negative 
values  of  grid  voltage.  A  typical  curve  for  a  high  mu  triode 
is  shown  in  Figure  2.  (Direct  current  voltages  were  used  in 
these  calculations  for  simplicity  and  are  permissible  since  the 
curves  are  used  as  illustrations  only.)  If  these  curves  can 
be  completely  superimposed,  an  instrument  may  be  con¬ 
structed  in  which  the  plate  current  of  an  electron  tube  is  a 

linear  function  of  the  re¬ 
sistance  of  one  arm  of 
a  bridge.  Complete  su¬ 
perimposition  is  difficult 
to  attain  in  practice,  but 
may  be  approximated 
sufficiently  to  satisfy  the 
requirements  of  conduct¬ 
ance  titrations. 


Operation 

The  upper  section  of  the 
triode  6A6  (Figure  3)  is 
used  as  an  oscillator  and 
the  alternating  voltage 
developed  across  resistance 
i?6  is  applied  to  the  bridge 
through  condensers  C3  and 
Ci.  The  voltage  from  the  unbalanced  bridge  is  applied  to  the 
primary  of  the  step-up  transformer  T>.  The  stepped-up  volt¬ 
age  is  applied  to  the  grid  of  the  lower  section  of  the  triode 
which  is  negatively  biased  to  zero  plate  current  by  adjustment 
of  R3.  A  sensitivity  control,  R2,  is  used  to  attenuate  the  alter- 


Figure  2.  Typical  Curve  for 
High  Mu  Triode 


nating  current  voltage  from  the  bridge  while  adjusting  Rz  and 
to  reduce  the  sensitivity,  preventing  the  meter  from  reading  off- 
scale  in  the  performance  of  titrations  where  large  changes  in 
resistance  are  anticipated  at  the  end  point.  Under  these  con¬ 
ditions  of  operation  the  meter  will  read  the  “off-balance”  voltage 
of  the  bridge,  the  readings  increasing  as  the  bridge  is  progres¬ 
sively  unbalanced. 

As  the  resistance  of  the  conductance  cell  increases,  the  shunt 
resistance  between  the  plate  side  of  choke  Lx  and  cathode  also 
increases.  This  has  the  effect  of  increasing  the  voltage  across 
the  bridge  terminals  and  distorts  the  grid  volts- plate  current 
curve  shown  in  Figure  2.  This  distortion  is  desirable,  since 
the  resulting  plate  current  will  be  more  nearly  a  linear  func¬ 
tion  of  the  resistance  of  the  conductance  cell. 

The  degree  of  linearity  and  sensitivity  attained  with  this 
set-up  is  shown  in  Figure  4.  Since  the  meter  readings  are 
linear  with  resistance  over  the  range  of  plate  current  from  100 
to  500  microamperes,  the  bridge  must  be  unbalanced  slightly 
before  readings  are  taken.  This  setting  may  be  performed 
after  the  titration  has  progressed  to  a  certain  extent,  since  the 
first  readings  are  usually  excluded  in  the  final  determination 
of  the  end  point..  This  has  a  further  advantage  because  al¬ 
most  full  scale  of  the  meter  may  be  used  in  the  region  near  the 
end  point  for  greater  accuracy. 


Ri.  5  to  7  megohms,  1  watt 
Rz.  1-megohm  volume  control 
Rz.  50,000-ohm  volume  control 
R 4.  Voltage  divider,  1000  ohms,  25  watts 
R 5.  Voltage  divider,  20,000  ohms,  25  watts 
R 6.  Volume  control,  15,000  ohms 
Rt.  General  radio  potentiometer,  1000  ohms 
R 8.  General  radio  potentiometer,  100  ohms'* 

R 9.  15  ohms,  100  watts 

flio.  140  ohms,  100  watts 

Ci.  Condenser,  0.01  mfd.,  mica 

C2.C3.C4.  Condensers,  paper,  0.5  mfd.,  200  volts 

Ch.  Electrolytic  condenser,  8  mfd. 

Ce.  Electrolytic  condenser,  4  mfd. 

T i.  Low  ratio  audio  transformer 

Ti.  Single-button  carbon  microphone  transformer 

L\.  Choke,  30  H. 

Lt.  Choke,  30  H.  200  ohms 
Ata.  0-500  microammeter 
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Figube  4.  Linearity  and  Sensitivity  Attained 
Plate  current — resistance  of  conductance  cell 


Figure  5.  Conductance  Titration 


Construction 

The  oscillating  circuit  was  designed  to  offer  a  maximum  in 
stability  and  yet  lend  itself  to  easy  construction. 

Transformer  7\  must  be  correctly  poled  to  permit  oscillations, 
:  and  resistance  Ri  should  be  as  high  as  possible  yet  allowing  suf¬ 
ficient  energy  feed-back  to  sustain  oscillations.  A  high  value  of 
this  resistance  assures  smooth  operation  and  good  wave  form. 
The  setting  of  Rt  is  not  critical  and  may  be  adjusted  for  maximum 
oscillator  output  (  —  2  to  —3  volts  are  usually  satisfactory).  Ti 
may  be  any  low-ratio  audio  transformer,  and  since  many  of 
these  units  have  a  natural  period  of  oscillation  at  approximately 
1000  cycles  per  second,  condenser  C?  may  be  omitted. 

The  bridge  may  be  standard  equipment  or  may  consist  of 
i  large-size  wire-wound  potentiometers  since  no  calibration  is 
!  required.  Since  the  ratio  of  resistance  in  the  bridge  arms  deter- 
j  mines  the  curvature  of  the  curve  shown  in  Figure  1,  the  values 
must  be  as  stated  to  attain  the  desired  linearity.  If,  however, 
the  apparatus  is  to  be  designed  to  measure  higher  resistance  values 
of  the  conductance  cell,  the  resistance  of  the  bridge  arms  as  wTell 
as  the  impedance  of  transformer  T2  should  be  increased  propor¬ 
tionately.  Meter  readings  are  relative  and  the  proper  setting  of 
resistors  R7  and  R$  may  conveniently  be  determined  for  a  par¬ 
ticular  range  of  resistance  by  substitution  of  a  variable  resistance 
■  box  for  the  conductance  cell.  The  settings  of  R7  and  R»  are  varied 
untd  equal  increments  of  resistance  produce  equal  increments  of 
microamperes. 

The  inclusion  of  a  rectifier  and  filter  system  permits  satis¬ 
factory  operation  on  both  alternating  and  direct  current 
mains. 

Figure  5  illustrates  a  typical  titration  curve.  In  each 
case  10  cc.  of  0.1049  N  sodium  hydroxide  subsequently  diluted 
to  200  cc.  were  titrated  with  magnesium  acetate.  The  end 
point  for  curve  1,  taken  by  the  usual  bridge  methods,  is 
6.73  cc.;  for  curve  2  taken  with  the  instrument  it  is  6.71  cc. 


The  error  may  be  assumed  to  rest  entirely  with  the  inaccura¬ 
cies  encountered  in  the  extrapolation. 

The  circuit  described  here  does  not  represent  the  only  one 
suitable  for  the  purposes  outlined.  It  represents  rather  a 
simple  scheme  which  may  be  translated  into  a  compact  in¬ 
strument  and  the  cost  of  the  parts,  including  the  meter  and 
cabinet,  need  not  exceed  twenty-five  dollars.  A  more  com¬ 
plicated  circuit  extending  the  principles  described  here  could 
certainly  be  made  in  which  the  conditions  of  linearity  are 
more  closely  approximated.  It  is  the  ardent  hope  of  the 
author  that  such  circuits  will  be  devised  to  further  the  tech¬ 
nic  of  conductance  titrations. 

Summary 

A  vacuum-tube  conductance  meter  deriving  power  from 
alternating  or  direct  current  mains  combining  an  audio 
oscillator-bridge  and  a  detector-meter  system  has  been  de¬ 
scribed.  The  application  to  conductometric  titrations  has 
been  illustrated  and  it  has  been  shown  that  meter  readings 
are  linear  with  resistance  over  four-fifths  of  the  meter  range. 
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When  Is  a  Desiccator? 

HAROLD  SIMMONS  BOOTH  AND  LUCILLE  MCINTYRE,  Western  Reserve  University,  Cleveland,  Ohio 


WHEN  the  authors  completed  the  study  establishing 
porous  barium  oxide  ( 1 )  as  a  drying  agent  comparable 
with  phosphorus  pentoxide,  it  became  the  practice  in  this 
laboratory  to  use  barium  oxide  (furnished  through  the  kind¬ 
ness  of  M.  J.  Rentschler  of  the  J.  H.  R.  Products  Co.,  Wil¬ 
loughby,  Ohio)  as  a  reagent  in  desiccators,  on  account  of  its 
cheapness  and  its  efficacy.  It  occurred  to  them  that  it  would 
be  interesting  to  learn  the  rate  of  drying  a  space,  such  as  a 
desiccator,  with  barium  oxide  and  the  other  common  drying 
agents. 

Apparatus 

The  method  consisted  of  bringing  air  saturated  with  mois¬ 
ture  into  contact  with  the  drying  agent  under  the  conditions 
which  exist  in  a  desiccator,  and  of  observing  the  rate  of  de¬ 
crease  in  the  amount  of  moisture  present  in  that  air,  as  indi¬ 
cated  by  the  decrease  in  pressure  observed.  It  was  decided 
that  a  manometer,  on  which  the  pressure  could  be  read  di¬ 
rectly  owing  to  a  Toricellian  vacuum  on  one  side,  could  be 
used  to  measure  the  drop  in  vapor  pressure  sufficiently  ac¬ 
curately  for  this  purpose. 

In  preparation  for  a  run,  moist  air  was  drawn  through  the  gas¬ 
washing  bottles  through  stopcocks  4  and  5,  while  3  (Figure  1)  was 
closed,  into  the  gas  holder,  D,  by  applying  suction  to  the  outlet 
at  the  bottom  of  D.  Water  was  then  run  into  D  from  vessel  C 
through  stopcock  6  until  the  pressure  inside  D  equaled  that  of 
the  outside  atmosphere.  All  stopcocks  were  closed  and  the  moist 
air  was  allowed  to  stand  overnight  in  D. 

One  hundred  grams  of  the  fresh  drying  agent  were  put  into  a 
Petri  dish  which  just  fitted  the  bottom  of  the  desiccator.  The 
lid  on  the  desiccator  was  greased  with  a  stopcock  grease  of  proved 
low  vapor  pressure,  and  the  cross  piece  of  the  wooden  frame  hold¬ 
ing  the  desiccator  in  place  was  fastened  down.  A  rubber  stopper 
of  a  size  near  that  of  the  handle  of  the  desiccator  lid  was  fastened 
to  the  wooden  cross  piece  so  that  when  the  latter  was  in  place, 
the  pressure  upon  the  handle  of  the  cover  of  the  desiccator  was 
relieved  by  the  elasticity  of  the  stopper.  The  desiccator  was 
sealed  to  the  apparatus  near  stopcock  1  by  DeKhotinsky  cement. 

Stopcock  2  was  opened,  and  the  manometer,  B,  and  the  desic¬ 
cator  were  evacuated.  Stopcock  2  was  then  closed  and  the  ap¬ 
paratus  allowed  to  stand  overnight  to  be  sure  that  no  slow  leaks 
would  develop.  The  next  day  stopcocks  3  and  5  were  opened 
and  the  water-saturated  air  was  forced  into  the  desiccator  by 
allowing  water  to  run  into  bottle  D  from  vessel  C  through  stop¬ 
cock  6  until  the  pressure  in  the  desiccator  was  about  760  mm. 
As  soon  as  the  stream  of  air  was  shut  off,  the  vapor  pressure  was 
read  on  the  manometer  and  the  tune  recorded.  The  pressure  was 
read  at  intervals  of  1  minute  until  the  fall  in  pressure  was  slow 


and  thereafter  was  read  at  intervals  of  0.5-mm.  change  on  the 
manometer.  This  was  the  approximate  decrease  during  the 
1-minute  intervals  first  recorded.  Readings  were  taken  until  the 
pressure  change  was  so  slow  that  it  would  not  affect  the  curve 
materially.  The  apparatus  was  allowed  to  stand  until  the  next 
morning,  when  the  final  reading  was  taken.  At  least  six  runs 
were  made  with  each  drying  agent,  but  only  the  representative 
ones  were  plotted.  This  method,  while  rough,  yielded  some  in¬ 
teresting  information. 

Results 

Figure  2  shows  representative  curves  for  each  drying  agent 
used,  the  fall  in  vapor  pressure  being  plotted  against  the  time 
elapsed.  While  the  results  show  little  significant  differentia¬ 
tion  between  the  rates  at  which  the  air  in  a  desiccator  is  dried 
by  different  desiccants,  the  uselessness  of  a  desiccator  as 
commonly  used  is  clearly  revealed  when  the  curves  are  exam- 


Figure  2.  Representative  Dry¬ 
ing  Curves 


ined.  The  average  analyst  has  a  holy  respect  for  the  power  of  a 
desiccator  to  keep  his  ignited  crucibles  dry  during  the  cooling 
process,  yet  is  careless  about  keeping  the  desiccator  closed 
and  about  opening  for  only  the  briefest  time.  The  writers 
have  seen  a  student  open  a  desiccator,  go  to  the  oven  or  elec¬ 
tric  crucible  furnace,  get  his  crucible,  return,  and  put  it  in  the 
desiccator  to  “cool  in  a  nice  dry  atmosphere.”  Let  us  as¬ 
sume  that  half  of  the  air  in  the  desiccator  has  been  displaced, 
and  that  the  air  let  in  is  half  saturated,  or  roughly  that  a  par¬ 
tial  pressure  of  5  mm.  of  water  vapor  is  now  in  the  desiccator. 
The  crucible  will  attain  practically  room  temperature  in  10 
minutes,  in  which  time  the  drying  agent  will  have  lowered 
the  partial  pressure  of  the  water  vapor  in  the  air  in  the  desic¬ 
cator  only  2  mm.,  while  the  crucible  is  simultaneously  ad¬ 
sorbing  the  moisture  from  the  air  in  the  desiccator.  Gen¬ 
erally  the  air  in  the  analytical  laboratory  is  nearly  saturated 
with  moisture,  so  that  the  probable  moisture  content  in  the 
desiccator  would  be  much  higher. 

Even  some  textbooks  advise  the  student  not  to  place  the 
cover  on  the  desiccator  until  the  crucible  has  cooled  somewhat 
or  else  the  expansion  of  air  will  blow  the  cover  off  and  break  it! 
WTiy  use  a  desiccator  at  all  if  that  is  the  criterion?  How  can 
students  following  such  advice  ever  get  constant  weight  on  a 
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gravimetric  calcium  determination?  The  authors  tell  stu¬ 
dents  to  hold  the  cover  on  and  let  some  of  the  heated  air  es¬ 
cape  if  it  will.  The  rather  facetious  title  of  this  paper  is  in¬ 
spired  by  these  observations,  in  the  hope  that  it  will  serve  to 
arouse  analysts  to  this  unsuspected  source  of  error. 

However,  in  view  of  the  moisture  always  inadvertently  ad¬ 
mitted,  no  matter  how  rapidly  the  desiccator  is  opened  and 
closed,  it  is  useless  to  use  a  desiccant  of  the  highest  absolute 
drying  power  such  as  phosphorus  pentoxide,  since  the  object 
cooling  in  the  desiccator  will  ordinarily  be  removed  for  weigh¬ 
ing  before  the  space  can  be  dried  completely.  Save  for  the 
danger  of  spilling,  sulfuric  acid  should  be  satisfactory.  If  a 
neutral  desiccant  is  desired,  calcium  chloride  free  from  cal¬ 
cium  hydroxide  is  useful.  Where  an  alkaline  drying  agent  is 
permissible,  porous  barium  oxide  is  excellent,  and  is  particu¬ 


larly  valuable  in  determinations  affected  by  carbon  dioxide, 
such  as  gravimetric  calcium.  Since  barium  oxide  swells  con¬ 
siderably  on  absorbing  moisture,  the  bottom  of  the  desiccator 
should  not  be  more  than  half  full. 

Porous  barium  oxide  is  an  industrial  product,  being  pro¬ 
duced  in  the  first  step  in  manufacturing  barium  peroxide,  and 
is  available  more  cheaply  than  anhydrous  calcium  chloride, 
which  is  difficult  to  prepare.  The  exhausted  barium  oxide 
can  be  used  for  the  preparation  of  standard  barium  hydroxide 
solutions  for  alkalimetry. 
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A  Versatile  Low-Temperature  Thermostat 

G.  B.  HEISIG,  University  of  Minnesota,  Minneapolis,  Minn. 


THE  commercial  produc¬ 
tion  of  solid  carbon 
dioxide  has  made  available 
an  economical  and  con¬ 
venient  method  of  obtain¬ 
ing  temperatures  down  to 
—  78°  C.  A  constant  low 
temperature  is  desirable  for 
many  operations,  such  as  the 
study  of  reaction  rates,  the 
saturation  of  a  gas  with  a 
definite  quantity  of  a  vapor,  and  the  determination  of  vapor 
pressure,  temperature,  composition  diagrams,  etc. 

A  number  of  investigators  have  described  thermostats 
which  may  be  operated  at  low  temperatures  ( 1 ,  2, I+-6) .  Some 
are  rather  elaborate  pieces  of  apparatus,  while  others  are 
relatively  simple.  The  thermostat  described  here  is  easily 
made  from  materials  found  in  any  well-equipped  laboratory, 
and  has  been  used  to  maintain  a  constant  temperature  in  the 
range  +25°  to  —75°  C.  The  fluid  used  in  the  bath  may  be 
acetone,  alcohol,  or  kerosene,  depending  on  the  temperature 
to  be  maintained.  Acetone  freezes  at  —94.6°  and  retains  its 
mobility  at  the  temperature  of  solid  carbon  dioxide.  Alcohol 
becomes  viscous  below  —40°.  Kerosene  may  be  used  for 
temperatures  to  about  —  40°  C. 

The  container  for  the  bath  is  a  3-liter  Pyrex  beaker,  A,  which 
is  set  in  a  4-liter  beaker,  B.  The  air  space  between  the  two  beak¬ 
ers  serves  to  prevent  the  bath  from  cooling  too  rapidly.  The 
formation  of  ice  between  the  beakers  may  be  prevented  by  seal¬ 
ing  the  crack  with  rubber  cement  used  to  fill  cuts  in  the  tread  of 
automobile  tires.  The  nested  beakers  are  placed  in  a  can,  C, 
whose  diameter  is  5  cm.  (2  inches)  greater  than  that  of  the 
larger  beaker,  and  centered  by  a  ring  made  from  rubber  tubing  of 
appropriate  size.  The  can  containing  the  beakers  is  placed  in  a 
wooden  box,  D,  fitted  with  cork  fining,  E,  built  around  the  square 
tin  can,  F.  If  a  constant  temperature  is  wanted  for  several 
hours  only,  the  space  between  the  outer  beaker  and  can  C  is 
filled  with  a  slush  of  well-crushed  dry  ice  and  alcohol.  If  a 
constant  temperature  is  wanted  for  a  considerable  time,  the 
space,  G,  is  also  filled  with  crushed  dry  ice. 

The  bath  is  stirred  with  a  turbine  paddle  attached  to  a  Bakelite 
or  metal  rod,  the  other  end  of  which  is  connected  to  the  shaft  of  a 
small  induction  motor.  An  induction  motor  is  desirable  to  avoid 

I  igniting  the  vapors  from  the  bath. 

Since  the  bath  is  constantly  being  cooled,  it  is  necessary  to 
supply  heat  to  maintain  a  constant  temperature.  This  is  done 
by  means  of  a  heating  coil  made  from  10  cm.  of  No.  24  resistance 
wire  welded  or  clamped  to  leads  made  of  No.  18  iron  wire,  which 
I  are  connected  to  the  secondary  terminals  of  a  25- watt  toy  trans- 
i  former.  The  current  in  the  primary  circuit  of  the  transformer  is 
made  and  broken  by  a  relay  as  the  temperature  varies.  The 
proper  amount  of  heat  necessary  to  offset  the  cooling  is  obtained 
by  adjusting  the  voltage. 


The  thermostatic  element  shown  in  Figure  2  is  a  bimetallic 
strip,  A,  made  of  brass  and  invar  and  consisting  of  four  bows  with 
the  open  end  of  the  bows  directed  toward  the  long  axis.  The 
distance  between  the  open  ends  of  the  bow  will  increase  or  de¬ 
crease  on  warming,  depending  on  whether  the  invar  is  on  the 
inside  or  outside  of  the  bow.  A  brass  or  preferably  glass  or 
Bakelite  rod,  B,  rests  on  the  lower  end  of  the  last  bow.  The  upper 
end  of  the  rod  fits  into  a  cup  attached  to  a  screw,  E,  threaded  onto 
a  piece  of  spring  brass,  C,  one  end  of  which  has  a  fixed  position. 
Screw  E  is  adjusted  so  as  to  place  a  slight  tension  on  the  spring 
arm,  C.  The  other  end  rises  and  falls  with  a  change  of  tem¬ 
perature  in  the  bath,  making  and  breaking  the  grid  current  of  a 
radio  relay  circuit  (3).  A  thermionic  relay  control  of  some  sort 
is  required,  since  no  sparking  should  occur  between  the  contacts. 


To  start  the  thermostat,  the  bath  is 
cooled  to  a  temperature  slightly  below 
that  wanted  by  pieces  of  dry  ice  in  a 
small  wire  sieve,  such  as  that  used  for 
straining  tea  or  coffee,  or  a  cup  made 
of  wire  screen,  immersed  so  that  the 
liquid  comes  in  contact  with  the  cool¬ 
ing  agent.  The  gas  bubbles  have  only 
a  short  distance  to  go  before  reaching 
the  surface  of  the  liquid  and  the  usual 
overflow  is  thus  avoided.  The  stirring 
motor  is  started  and  screws  E  and  D 
are  adjusted  so  that  heat  is  being  sup¬ 
plied  to  the  bath.  When  the  proper 
temperature  is  reached  the  screws  are 
adjusted  so  that  the  heat  is  discon¬ 
tinued. 

To  increase  the  temperature  of  the 
thermostat,  it  is  only  necessary  to  cause  the  heater  to  go  on, 
and  when  the  proper  temperature  is  reached  to  adjust  screw 
E,  place  a  slight  tension  on  rod  B,  and  turn  screw  D  so  that 
the  heater  goes  off. 

The  temperature  of  the  bath  is  constant  =±=  0.01  °  C.  About 
5.5  kg.  (12  pounds)  of  dry  ice  were  required  to  maintain  a 
temperature  of  —38.1°  C.  for  nearly  18  hours  and  45  kg. 
(100  pounds)  were  used  during  a  week. 
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Improved  Apparatus  for  Isolation 


of  Fluorine 


Willard  and  Winter  Method 


W.  K.  GILKEY,  H.  L.  ROHS,  AND  H.  V.  HANSEN 
Calumet  Chemical  Company,  Joliet,  Ill. 


IN  THE  determination  of  small  amounts  of  fluorine  accord¬ 
ing  to  the  method  of  Willard  and  Winter  (£),  hydrofluo- 
silicic  acid  is  distilled  from  a  sulfuric  or  perchloric  acid  solu¬ 
tion  of  the  sample,  the  temperature  of  the  solution  being  held 
at  about  135°  C.  by  the  addition  of  water  at  the  proper  rate 
to  maintain  this  temperature. 


This  method  of  distillation  requires  the  undivided  attention 
of  the  analyst  if  the  temperature  is  to  be  maintained  approxi¬ 
mately  constant.  Moreover  the  addition  of  water,  as  liquid, 
to  the  hot  contents  of  the  flask  results  in  considerable  bump¬ 
ing  with  the  attendant  danger  of  contamination  of  the  dis¬ 
tillate.  This  is  a  source  of  error  when  determining  fluorine 
in  phosphates  ( 1 ),  as  the  phosphate  carried  over  will  react 
like  fluorine  in  the  subsequent  titration  and  will  thus  lead  to 
high  results.  Where  such  entrainment  is  suspected,  it  is  cus¬ 
tomary  to  subject  the  distillate  to  another  distillation  under 
the  same  conditions.  The  phosphate  carried  over  during  the 
second  distillation  ordinarily  will  be  negligible. 

By  the  use  of  the  apparatus  herein  described,  superheated 
steam  is  substituted  for  water,  thereby  eliminating  the  danger 
of  bumping;  also  the  contents  of  the  distilling  flask  are  main¬ 
tained  at  a  constant  temperature  by  being  immersed  in  the 
vapors  of  a  boiling  liquid.  The  above-mentioned  difficulties 
are  thus  avoided. 

Apparatus 

Referring  to  Figure  1,  steam  is  generated  in  flask  A  which  is 
provided  with  a  safety  tube,  the  purpose  of  which  is  to  prevent 
the  contents  of  the  distilling  flask  from  being  sucked  back  in  case 
the  pressure  in  A  falls  below  atmospheric.  The  steam  passes 
from  A  into  a  copper  tube  which  is  wound  around  the  inside  of 
vessel  B.  (B  was  made  of  brass,  but  copper  or  steel  would  un¬ 
doubtedly  have  been  equally  satisfactory.)  This  vessel,  contain¬ 
ing  boiling  tetrachloroethane,  is  heated  by  gas  burner  D  and  is  pro¬ 
vided  with  condenser  E  and  thermometer  F.  In  passing  through 
the  copper  tube,  the  steam  becomes  superheated  to  the  tempera¬ 
ture  maintained  within  the  vessel.  This  superheated  steam  is 
then  passed  through  a  glass  tube  into  the  bottom  of  the  distilling 
flask  where  it  bubbles  through  the  acidified  sample  and  is  sub¬ 
sequently  condensed  in  C. 

Figure  2  shows  a  detailed  section  of  B  and  its  contents.  The 
heavy,  removable  lid  has  a  machined  groove  in  which  a  cork 
gasket  is  inserted.  Since  the  organic  vapor  contained  in  B  at¬ 


tacks  rubber,  all  stoppers  are  of  cork  and  must  be  selected  and 
drilled  carefully  if  leaks  are  to  be  avoided.  (Corks  could  be 
eliminated  by  using  ground-glass  joints.  The  cork  through  which 
the  steam  enters  the  flask  can  be  eliminated  by  using  a  glass  seal 
at  this  point.  The  obvious  disadvantage  is  the  increased  danger 
of  breaking  the  joint  when  assembling  the  apparatus  for  a  deter¬ 
mination.)  In  this  laboratory  the  distilling  flask  used  is  of  the 
Claissen  type,  but  probably  a  simple  distilling  flask  would  be 
satisfactory.  The  tetrachloroethane  used  in  B  is  the  Eastman 
technical  grade.  It  is  noninflammable  and  boils  at  145°  C.  A 
depth  of  about  2  cm.  in  the  bottom  of  the  vessel  is  sufficient. 

According  to  Willard  and  Winter,  there  is  danger  of  violent 
oxidation  of  organic  matter  by  perchloric  acid  at  tempera¬ 
tures  exceeding  135°  C.;  they  recommend  the  use  of  sulfuric 
rather  than  perchloric  acid  if  the  sample  contains  much  or¬ 
ganic  matter.  This  substitution  should  be  observed  when 
tetrachloroethane  is  used  as  a  heating  liquid. 

Procedure 

The  procedure  in  making  a  distillation  is  as  follows : 

Flask  A  is  disconnected  from  the  copper  tube  at  the  rubber 
connection,  G  (Figure  1).  The  distilling  flask,  which  contains  a 
few  glass  beads,  the  sample,  and  the  perchloric  or  sulfuric  acid,  is 
placed  in  position,  all  joints  (except  G )  are  made  tight,  and  the 
burner,  D,  is  lighted.  Since  the  sample  is  usually  added  as  an 
aqueous  solution  or  suspension,  the  dilution  of  the  acid  is  ordi¬ 
narily  so  great  that  the  contents  of  the  flask  will  begin  boiling  at 
a  relatively  low  temperature,  but  the  boiling  point  will  gradually 
rise  as  the  water  distills  off.  When  the  rate  of  flow  from  con¬ 
denser  C  becomes  small,  flask  A,  which  has  been  made  ready  and 
is  now  delivering  steam,  is  connected  to  the  copper  tube  and  the 
steam  distillation  allowed  to  continue  until  a  sufficient  quantity 
of  distillate  is  collected. 
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A  leaky  cork  will  allow  steam  to  pass  into  the  organic  vapor 
contained  in  vessel  B.  Even  a  small  leak  of  this  kind  mani¬ 
fests  itself  as  a  noticeable  drop  in  the  temperature  indicated 
by  thermometer  F. 

Results 

The  apparatus  has  been  in  almost  daily  use  in  this  labora¬ 
tory  for  several  months,  and  except  for  occasional  leaks 
around  corks  has  given  no  trouble  whatever.  Results  ob¬ 


tained  with  it,  exercising  only  the  precaution  mentioned,  have 
repeatedly  checked  those  obtained  with  the  original  method 
of  distillation  using  extreme  care. 
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Improved  Micromanometer 

HARR\  W.  SMITH,  JR.,  American  Gas  Association  Testing  Laboratories,  Cleveland,  Ohio 


Figure  1 

A  SIMPLE,  convenient,  and  rugged  design  of  microma¬ 
nometer,  adaptable  to  routine  measurements  of  minute 
pressures  and  pressure  differentials,  has  been  developed  by 
engineers  of  the  American  Gas  Association  Testing  Labora¬ 
tories  and  successfully  used  by  both  the  Cleveland  and  Los 
Angeles  laboratories  for  several  years. 

The  American  Gas  Association  micromanometer  consists,  as 
shown  in  Figures  1  and  2,  primarily  of  a  heavy  metal  base, 
equipped  with  suitable  leveling  screws  and  indicating  levels,  and 
supporting  reasonably  massive  columns  carrying,  respectively, 
the  micromanometer  screw  assembly  and  the  gage  liquid  reser¬ 
voir.  The  reading  meniscus  lies  in  a  short  length  of  straight 
0.25-inch  glass  tubing  inclined  at  a  slight  angle  from  horizontal 
(generally  in  the  neighborhood  of  3°)  and  securely  affixed  to  a 
thick-brass  annular  plate  attached  to  the  micrometer  screw. 
This  plate  may  be  rotated  and  clamped  to  its  carriage  in  order  to 
permit  adjustment  of  the  slope  of  the  meniscus  tube.  The  other 
arm  of  the  gage,  comprised  of  a  liquid  reservoir 
bulb  3  to  4  inches  in  diameter,  preferably  with 
straight  vertical  sides,  is  clamped  rigidly  to  the 
left  brass  column  and  connected  to  the  movable 
meniscus  tube  by  a  length  of  thick-walled  rubber 
tubing  as  short  as  possible  and  directed  uniformly 
upward  so  that  bubbles  may  not  be  trapped 
therein. 

At  its  mid-point,  the  meniscus  tube  is  supplied 
with  a  cross  hair  or  engraved  hairline.  The 
meniscus  is  observed  through  a  magnifying  eye¬ 
piece  of  the  variety  commonly  used  for  reading 
precise  calibrated  mercury  thermometers.  It  is 
often  necessary  to  locate  a  light  disk,  painted  in 
flat  white,  behind  the  hairline  and  in  line  with  the 
eyepiece,  to  facilitate  reading  in  questionable  light. 

Forty  threads  per  inch,  corresponding  to  a 
linear  pitch  of  0.025  inch,  should  be  cut  on  the 
micrometer  screw,  the  diameter  of  which  should 
not  be  less  than  0.5  inch.  At  the  Testing  Labora¬ 
tories  the  screw  head  is  divided  25  divisions  to  the 


circle,  affording  a  division  mark  on  the  instrument  for  every 
0.001  inch  of  pressure.  By  interpolating  between  the  divisions 
in  fifths,  accurate  readings  may  be  made  to  0.0002  inch. 

Both  openings  of  the  glass  gage  system,  the  two  pressure  con¬ 
nections,  are  fitted  with  vent  branches  including  glass  stopcocks. 
All  glass  tubing  clamps  on  the  apparatus  are  fashioned  of  brass 
but  lined  with  rubber  to  preclude  breakage  by  shock  or  expansion. 

The  Testing  Laboratories  employ  methyl  alcohol  as  the 
gage  liquid,  since  it  does  not  affect  the  rubber  tubing,  possesses 
an  accurately  known  specific  gravity,  and  exhibits  a  low  sur¬ 
face  tension.  Distilled  water  or  any  other  liquid  may,  of 
course,  be  used  with  proper  care  so  long  as  the  specific  gravity 
is  known.  If  the  instrument  is  constructed  as  indicated, 
precise  readings  may  be  made  with  it  in  30  seconds.  Ad¬ 
ditional  speed  of  measurement  may,  of  course,  be  attained  if 
the  slope  of  the  meniscus  tube  is  set  at  more  than  3°  from  level, 
although  some  sensitivity  is  sacrificed  thereby.  A  slope  of 
less  than  3°  destroys  the  ease  of  adjustment  necessary  for 
routine  usage  and  adds  little  or  nothing  to  the  accuracy  of 
readings. 

When  using  the  micromanometer  it  is  essential  that  the 
meniscus  be  brought  to  the  point  of  adjustment  on  the  cross 
hair  always  by  turning  the  micrometer  head  in  the  same  direc¬ 
tion  (that  which  draws  the  meniscus  tube  upward).  This 
procedure  overcomes  errors  due  to  play  in  the  micrometer 
screw  threads  and  failure  of  the  movable  assembly  to  drop 
against  the  friction  of  its  ways. 

Contrary  to  frequent  belief,  it  is  not  mandatory  that  the 
sides  of  the  liquid  reservoir  be  absolutely  vertical  at  the  risk 
of  error.  So  long  as  the  volume  of  the  liquid  in  the  gage  re¬ 
mains  the  same,  the  volume  between  the  hair  line  (when  the 
meniscus  is  adjusted  upon  it)  and  the  surface  of  liquid  in  the 
reservoir  must  be  the  same,  and  therefore  the  level  of  the 
liquid  in  the  reservoir  bulb  is,  at  the  completion  of  any  ad¬ 
justment,  identical  with  that  obtained  with  atmospheric 


Figure  2 
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pressure  at  both  points  of  pressure  connection.  The  walls 
of  the  reservoir  should  be  reasonably  straight  and  its  diameter 
reasonably  large  only  to  minimize  the  small  errors  due  to 
evaporation,  wetting  of  gage  walls,  and  oscillation  of  the  menis¬ 
cus  during  adjustment. 

In  operation,  the  meniscus  is  simply  adjusted  to  the  hair¬ 
line  with  atmospheric  pressure  at  both  ends  of  the  gage,  a 
micrometer  head  reading  taken,  the  pressure  or  pressure 
differential  condition  that  is  to  be  measured  established  by 
turning  suitable  cocks,  the  meniscus  readjusted  to  the  hair¬ 
line,  and  the  micrometer  head  again  read.  The  simple 
difference  between  the  two  readings,  in  marked  divisions, 


gives  the  pressure  or  the  differential  directly  in  0.001  inch  of 
gage  fluid  column.  Since  the  instrument  is  so  sensitive,  it 
is  often  necessary  to  protect  the  pressure  connections  from 
drafts,  to  check  on  temperature  variations,  and  to  read  the 
zero  adjustment  of  the  meniscus  frequently  whenever  a  long 
series  of  observations  is  being  made. 

Being  at  once  elementary  in  theory,  simple  in  operation, 
inexpensive  in  construction,  rapid  in  adjustment,  precise, 
direct-reading,  and  rugged,  the  American  Gas  Association 
Testing  Laboratories’  micromanometer  should  find  wide  use 
in  many  industrial  fields. 

Received  January  7,  1936. 


Device  for  Determining  Rate  of  Siphoning  in  Metal 

Extraction  Systems 

R.  S.  ASBURY,  Coal  Research  Laboratory,  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 


IN  THE  course  of  investigations  on  the  solvent  extraction 
of  bituminous  coal  in  a  steel  Soxhlet  apparatus  at  elevated 
temperatures  and  pressures,  an  indicating  system  has  been 
developed  for  determining  the  frequency  of  siphoning.  Ex¬ 
traction  in  such  an  apparatus  requires  intermittent  siphoning 
and,  since  this  could  not  be  observed, -an  indicator  within 
the  extractor  was  necessary.  The  indicating  system  is  simple 
and  inexpensive  and  could  be  adapted  to  any  apparatus  in 
which  knowledge  of  frequency  of  transfer  of  liquid  from  one 
part  to  another  was  required,  and  in  which  visual  obser¬ 
vation  was  impossible  or  inadvisable.  The  apparatus  de¬ 
veloped  has  been  in  satisfactory  operation  for  over  8  months, 


Figure  1.  Apparatus 


Upper  left,  high-pressure  closure  Lower  left,  front  view 

Upper  right,  essential  parts  Lower  right,  side  view 


using  as  solvents  aniline  and  tetralin  at  temperatures  to 
400°  C.,  and  at  pressures  to  25  atmospheres. 

As  shown  in  Figure  1,  the  system  consists  essentially  of  a  metal 
siphon  tube,  A,  from  the  siphon  cup  above  (not  shown);  a 
bucket  arrangement,  B;  insulators,  C;  an  insulated  lead  to  the 
exterior,  D;  and  an  indicating  system,  E.  All  metal  parts  of 
the  indicator  proper  except  the  main  steel  frame  are  made  of 
nickel.  The  siphon  tube,  A,  extends  down  into  a  grounded  metal 
frame,  F,  which  holds  the  buckets,  B,  loosely  between  two  pivot 
bearings,  G.  A  second  metal  framework,  H,  insulated  from  the 
first  and  held  rigidly  by  small  radio-type  stand-off  electrical 
insulators,  C,  serves  as  contact  between  the  buckets  and  the 
wire  lead  to  the  exterior.  This  frame,  H,  also  limits  the  down¬ 
ward  motion  of  the  buckets,  which  are  counterbalanced  by  an 
attached  weight,  K.  The  insulated  lead  to  the  exterior,  D, 
consists  of  a  glass-insulated  copper  wire,  M,  to  which  is  soldered  a 
copper  washer,  O,  compressed  between  two  Bakelite  washers,  N, 
within  the  steel  body  of  the  closure  as  shown.  The  high-pres¬ 
sure  closure  is  approximately  17.5  cm.  (7  inches)  above  the 
extractor,  but  only  at  the  higher  temperatures  is  it  necessary 
to  cool  the  portion  containing  the  Bakelite  disks  to  prevent  their 
decomposition. 

Liquid  overflowing  through  the  siphon  tube  causes  one  of 
the  buckets  to  fill,  descend,  and  spill  its  contents.  This 
movement  of  the  bucket  past  the  siphon  tube,  A,  prevents 
more  liquid  from  entering  and  raises  the  other  bucket  of  the 
unit  tq  a  position  where  it  now  receives  the  overflow  and  in  turn 
fills  and  descends.  The  downward  motions  of  the  buckets 
are  stopped  by  the  frame,  H.  The  buckets  continue  this 
oscillation  as  long  as  liquid  flows  from  the  siphon  tube.  Each 
time  contact  of  one  of  the  buckets  with  H  is  made  within 
the  extractor,  the  electrical  circuit  through  the  dry  cell, 
resistance,  milliammeter,  and  steel  wall  of  the  extractor  is 
completed  and  the  pointer  of  the  meter  moves  to  its  upper 
limit,;  when  this  contact  is  broken  the  pointer  returns  to 
zero  position.  By  counting  the  swings  of  the  pointer  the 
frequency  of  siphoning  can  be  determined,  and  knowing  the 
approximate  volume  of  each  bucket,  the  amount  of  liquid 
being  transferred  can  be  estimated. 

In  the  system  used  in  this  laboratory  the  external  resistance 
in  the  indicating  circuit,  E,  is  so  adjusted  that  current  from 
one  dry  cell  causes  the  meter  to  register  one  milliampere 
when  contact  is  made  within  the  bomb.  With  this  small 
amount  of  current  flowing  through  the  circuit,  the  deteriora¬ 
tion  of  the  nickel  contacts  used  is  negligible.  In  certain  cases, 
it  has  proved  desirable  to  use  platinum  contacts. 

Received  December  23,  1935. 
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Determination  of  Guanidines  in  Rubber  Stocks 
and  Consumption  of  Guanidines  during  Cure 

BINGHAM  J.  HUMPHREY 
The  Firestone  Tire  &  Rubber  Company,  Akron,  Ohio 


Q: 


UANTITATIYE  determi¬ 
nations  of  various  accelera¬ 
tors  that  may  be  present  in 
vulcanized  rubber  stocks  are 
necessary,  not  only  for  funda¬ 
mental  investigations  into  the 
mechanism  of  acceleration,  but 
also  for  routine  control  analyses 
and  the  examination  of  unknown 
stocks.  The  determination  of 
any  organic  material  in  vul¬ 
canized  rubber  stocks  is  beset 
with  numerous  difficulties,  how¬ 
ever,  and  reliable  methods  are 
scarce.  For  accelerators,  the 
only  ones  described  in  the  litera¬ 
ture  are  the  now  generally  em¬ 
ployed  copper  oleate  method  for 
mercaptobenzothiazole  and  an 
extension  of  Callan  and  Straf¬ 
ford’s  ( 1 )  picric  acid  method  for 
guanidines,  both  described  by 
Wistinghausen  (2) .  Using  these 
two  procedures,  Wistinghausen 
made  an  extended  investigation 
of  the  consumption  of  mercapto¬ 
benzothiazole  and  of  diphenyl- 


When  a  guanidine  accelerator  is  milled 
into  acetone-extracted  rubber,  the  guani¬ 
dine  cannot  be  completely  recovered  from 
the  rubber  by  acetone  extraction.  If  the 
mixture  of  rubber  and  guanidine  is  treated 
with  a  hydrolyzing  agent,  the  bound 
guanidine  is  freed  and  100  per  cent  recovery 
can  be  made.  Bound  guanidine  is  also 
present  in  cured  stocks,  for  when  these 
stocks  are  treated  with  benzene  and  dilute 
aqueous  hydrochloric  acid,  or  with  wet 
acetone,  higher  guanidine  recoveries  are 
obtained  than  by  extraction  with  dry 
acetone. 

Based  on  the  above  findings,  a  new  hy¬ 
drolytic  procedure  for  determining  guani¬ 
dines  in  cured  stocks  has  been  developed. 
Data  on  several  stocks  analyzed  by  this 
method  and  by  the  Wistinghausen  (acetone 
extraction)  method,  and  the  resulting  con¬ 
sumption-curing  time  curves  are  presented 
for  comparison. 


rubber  and  di-o-tolylguanidine 
wTas  extracted  with  acetone,  a 
part  of  the  di-o-tolylguanidine, 
amounting  to  0.2  to  0.4  per  cent 
of  the  guanidine  on  the  rubber, 
was  unextractable.  Apparently 
the  di-o-tolylguanidine  was 
bound  by,  or  formed  a  compound 
with,  the  rubber  and/or  the  non- 
extractable  protein  of  crude  rub¬ 
ber.  It  was  already  known, 
however,  that  if  a  mixture  of 
rubber  and  guanidine  is  swollen 
in  a  rubber  solvent  and  shaken 
with  dilute  acid,  all  the  guani¬ 
dine  is  transferred  to  the  aqueous 
phase  wherein  it  can  be  deter¬ 
mined  as  the  picrate  or  by  back- 
titration  with  alkali.  Accelera¬ 
tor  master  batches  have  been 
analyzed  by  such  a  procedure  for 
some  time. 

Thus,  it  seemed  probable  that, 
if  all  the  guanidine  could  be  re¬ 
covered  from  an  uncured  mix 


guanidine  (D.  P.  G.)  during  cure. 

Considerable  difficulty  was  encountered  in  this  laboratory 
in  the  use  of  Wistinghausen’s  method.  Especially  with 
di-o-tolylguanidine  (D.  0.  T.  G.)  stocks,  the  results  were 
highly  variable  and  the  proportion  of  guanidine  recovered 
seemed  to  be  much  smaller  than  that  recovered  by  Wisting¬ 
hausen  from  similar  stocks.  As  a  test  of  both  the  method  and 
the  technic,  an  uncured  di-o-tolylguanidine  tread  stock  was 
analyzed,  since  it  was  believed  that,  in  this  case,  an  effective 
procedure  should  account  for  substantially  all  of  the  guanidine 
put  into  the  stock.  The  result  was  that  little  or  no  more 
guanidine  was  recovered  from  the  uncured  stock  than  from 
the  same  stock  at  an  optimum  cure.  Guanidine  recoveries 
rom  either  one  ranged  from  30  to  50  per  cent. 

To  find  the  reason  why  the  guanidine  could  not  be  com- 
oletelv  extracted  from  the  uncured  mixture,  the  procedure 
a  as  applied  to  a  series  of  stocks  in  which  the  ingredients  of 
he  original  tread  stock  were  omitted,  one  by  one.  Finally, 
t  was  found  that  when  a  simple  mixture  of  acetone-extracted 


by  such  a  method,  whereas  it 
could  not  be  completely  re¬ 
covered  by  acetone  extraction,  a 
higher  recovery  of  guanidine  might  be  obtained  from  cured 
stocks  by  treatment  with  an  aqueous  acid  and  a  swelling  agent 
than  by  acetone  extraction.  This  proved  to  be  the  case. 
The  cured  di-o-tolylguanidine  tread,  from  which  only  30  to 
50  per  cent  of  the  guanidine  could  be  recovered  by  acetone 
extraction,  yielded  75  per  cent  or  more  of  the  original  amount 
of  guanidine  when  a  method  involving  treatment  with  benzene 
and  dilute  acid  was  used.  The  increased  amount  of  guanidine 
was  obtained  by  the  latter  method  because  of  the  hydrolyzing 
action  of  the  aqueous  acid  rather  than  the  swelling  action  of 
benzene.  This  was  shown  by  extracting  the  cured  tread  with 
benzene  and  then  shaking  the  benzene  extract  solution  with 
dilute  acid.  The  amount  of  guanidine  recovered  in  this  way 
was  essentially  equal  to  that  obtained  by  extraction  with  dry 
acetone.  Furthermore,  extraction  with  wet  acetone  removed 
much  more  guanidine  from  the  stock  than  extraction  with 
dry  acetone,  although  a  20-hour  extraction  with  acetone 
containing  2  per  cent  of  water  did  not  effect  as  high  a  recovery 
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of  guanidine  as  could  be  obtained  with  benzene  and  aqueous 
acid.  It  was  also  found  that  the  guanidine  recovery  was 
highly  variable  if,  when  the  Wistinghausen  procedure  was 
followed,  the  acetone  extractions  were  run  without  particular 
attention  to  keeping  the  acetone  absolutely  dry. 

A  brief  study  of  the  apparent  consumption  of  guanidine 
during  cure  was  made,  using  both  Wistinghausen’s  method 
and  the  new  method,  which  yields  a  higher  guanidine  recovery 
from  a  cured  stock  and  complete  recovery  from  an  uncured 
stock.  A  comparison  of  the  accelerator  consumption  curves 
obtained  by  the  two  different  methods  is  presented. 

Four  different  stocks  were  investigated,  A,  B,  C,  and  D. 
Stocks  A  and  B  are  duplications  of  two  stocks  used  by  Wisting¬ 
hausen.  Stocks  C  and  D  are  present-day  tread  compounds, 
the  former  containing  diphenylguanidine,  the  latter  di-o- 
tolylguanidine. 


Table  I.  Stocks  Investigated 


Stock  A 

Stock  R 

Parts 

Parts 

Rubber  (crepe) 

100 

100 

Sulfur 

3.8 

3.8 

Thermatomie  black 

38.3 

38.4 

D.  P.  G. 

1.44 

1.38 

Zinc  oxide 

3.8 

143.54 

147.38 

D.  P.  G.  content,  % 

1.00 

0.94 

Stock  C 

Stock  D 

Rubber  (smoked  sheet) 

100 

100 

Sulfur 

2.8 

2.8 

Zinc  oxide 

6.6 

6.6 

Rubber  channel  black 

46.2 

46 

Stearic  acid 

3.3 

3.3 

Pine  tar 

3.9 

3.9 

Antioxidant3 

1.0 

1.0 

Accelerator 

1.04  (D.  P.  G.) 

0.82  (D.  O.  T.  G.) 

164.84 

164.42 

D.  P.  G.  content,  % 

D.  O.  T.  G.  content 

0.63 

0.50 

°  92.5  per  cent  phenyl-a-naphthylamine,  7.5  per  cent  m-toluylene  diamine. 


Each  stock  was  cured  10,  30,  60,  and  90  minutes  at  307°  F. 
(152°  C.).  Stock  C  was  also  cured  30,  60,  90,  and  120  minutes 
at  290°  F.  (143°  C.).  Much  of  the  preliminary  work  was 
done  on  stock  D,  cured  90  minutes  at  290°  F.  (143°  C.). 
Most  of  the  other  cures  were  beyond  the  optimum,  as  far  as 
desirable  physical  properties  are  concerned.  For  the  stocks 
cured  at  307°  F.  (152°  C.)  the  optimum  time  is  probably 
about  25  minutes,  while  for  those  cured  at  290°  F.  (143°  C.) 
the  optimum  time  is  about  90  minutes. 

In  preparation  for  analysis,  the  stock,  where  possible,  was 
finely  ground  to  “springs”  on  a  cold  mill.  Uncured  or  under- 
cured  stocks  that  could  not  be  crumbled  were  sheeted  as 
thinly  as  possible  and  cut  into  small  pieces. 

The  procedure  used  for  the  analysis  of  the  stocks  by  the 
acetone-extraction  method  varied  slightly  but  not  essentially 
from  that  described  by  Wistinghausen.  This  slight  modifica¬ 
tion  of  the  Wistinghausen  method  and  the  new  method  in¬ 
volving  hydrolysis  are  described  below. 

Method  of  Analysis 

Wistinghausen  Method.  A  20-gram  sample  of  the  stock  is 
extracted  with  acetone  for  16  hours  in  a  Soxhlet  extraction 
apparatus.  The  acetone  is  completely  removed  from  the  extract 
by  evaporation  and  the  residue  is  dissolved  in  20  cc.  of  ether. 
Thirty  cubic  centimeters  of  approximately  0.1  N  hydrochloric 
acid  are  added  to  the  solution  and  the  mixture  is  heated  on  the 
steam  plate  for  5  or  10  minutes  longer  than  is  required  to  evapo¬ 
rate  the  ether.  The  hot  aqueous  solution  is  then  poured  through 
a  filter.  This  treatment  with  ether  and  hot  dilute  acid  is  repeated 
twice  to  transfer  all  the  guanidine  to  the  aqueous  acid  solution 
which  is  allowed  to  stand  at  least  12  hours  and  then  again  filtered 
cold.  The  volume  is  adjusted  to  approximately  100  cc.  and  an 
equal  volume  of  saturated  aqueous  picric  acid  solution  is  added. 
This  mixture  is  heated  on  the  steam  plate  for  1  hour.  Heating 
causes  the  precipitate  that  first  forms  to  redissolve. 


Figure  1.  Accelerator  Consumption  in  A 
Wistinghausen’s  base  stock 


The  heating  period  was  found  to  be  particularly  necessary 
for  di-o-tolylguanidine  determinations,  as  di-o-tolylguanidine 
picrate  forms  slowly  and  incompletely  in  the  cold.  On  cooling 
and  standing,  the  diphenylguanidine  picrate  usually  reprecipi¬ 
tates  in  crystalline  form,  but  the  di-o-tolylguanidine  picrate 
only  infrequently  reprecipitates  in  this  way.  The  precipi¬ 
tate  should  be  allowed  to  stand  for  at  least  12  hours  before 
filtering.  For  di-o-tolylguanidine,  especially,  a  longer  period 
(48  hours)  seems  to  help  the  character  and  quality  of  the 
precipitate.  The  filtration  is  carried  out  on  a  Gooch  crucible 
lined  with  filter  paper,  the  precipitate  being  completely  trans¬ 
ferred  to  the  crucible  with  the  aid  of  a  “policeman”  and  a 
small  amount  of  water.  The  precipitate  is  finally  dried  to 
constant  weight  in  a  100°  to  110°  C.  oven.  An  addition  of 
5  mg.  is  made  to  the  weight  of  the  picrate  in  the  case  of  the 
di-o-tolylguanidine  picrate  and  8  mg.  in  the  case  of  the 
diphenylguanidine  picrate  to  correct  for  the  slight  solubility 
of  these  picrates  in  the  200-cc.  mixture  of  saturated  picric 
acid  solution  and  0.1  if  acid.  These  solubility  corrections 
were  obtained  from  direct  determinations  of  the  solubility  of 
the  pure  picrates  in  such  a  mixture  at  room  temperature. 
For  diphenylguanidine,  the  amount  of  guanidine  is  48  per 
cent  of  the  corrected  weight  of  the  picrate  and  for  di-o- 
tolylguanidine,  51  per  cent  of  the  corrected  weight  of  its 
picrate. 

Hydrolysis  Method.  A  20.0-gram  sample  of  the  finely 
divided  stock,  400  cc.  of  benzene,  and  50  cc.  of  approximately 
0.1  N  hydrochloric  acid  are  placed  in  a  1-liter  flask  so  arranged 
that  constant  agitation  of  the  mixture  and  refluxing  of  the  ben¬ 
zene  can  be  carried  out  together  and  the  aqueous  layer  can  be 
conveniently  removed  from  the  rest  of  the  mixture,  preferably 
without  removing  the  whole  mixture  from  the  flask.  A  con¬ 
venient  apparatus  for  this  purpose  is  a  1-liter  Erlenmeyer  flask 
to  which  has  been  sealed,  near  the  base  and  projecting  to  the 
side,  a  stopcock  outlet.  By  means  of  an  ordinary  addition  tube 
placed  in  the  neck  with  a  cork  stopper,  the  flask  can  be  equipped 
with  a  stirrer  and  a  reflux  condenser.  No  mercury  seal  is  neces¬ 
sary.  The  flask  is  heated,  conveniently,  by  means  of  an  electric 
hot  plate. 

Refluxing  and  brisk  stirring  of  the  mixture  are  continued  for 
1  hour.  The  condenser  and  stirrer  are  then  removed,  the  flask 
is  set  on  its  side  in  a  tripod,  and  the  aqueous  layer  drawn  off. 


Figure  2.  Accelerator  Consumption  in  B 

Wistinghausen's  3.8  per  cent  zinc  oxide  stock 


MAY  15,  1936 


ANALYTICAL  EDITION 


155 


Figure  3.  Accelerator  Consumption  in  C 
Diphenylguanidine  tread  stock,  cured  at  307°  F.  (152°  C.) 


Figure  4.  Accelerator  Consumption  in  C 

Diphenylguanidine  tread  stock,  cured  at  290°  F.  (143°  C.) 


At  the  temperature  of  refluxing  benzene,  little  or  no  emulsifica¬ 
tion  takes  place.  Another  50-cc.  portion  of  dilute  acid  is  added 
and  the  procedure  is  repeated.  After  a  third  similar  treatment 
with  acid,  all  the  recoverable  guanidine  in  the  stock  has  been 
removed  by  the  acid.  The  combined  acid  solution  is  allowed  to 
cool  completely  and  is  then  filtered.  The  filtered  solution  is 
clear  and  usually  slightly  yellow.  The  volume  is  adjusted  by 
evaporation  to  about  100  cc.  and  an  equal  volume  of  saturated 
aqueous  picric  acid  solution  is  added.  The  rest  of  the  procedure 
is  identical  with  that  described  above  for  the  Wistinghausen 
method. 

Besides  the  fact  that  it  yields  higher  recoveries  of  guanidine 
through  hydrolytic  splitting  of  the  bound  guanidine  complex, 
the  hydrolysis  method  possesses  several  advantages  as  an 
analytical  method  over  the  Wistinghausen  method.  The 
quality  of  the  picrates  is  much  better,  especially  in  di-o- 
tolylguanidine  determinations.  In  the  Wistinghausen  method, 
picrates  are  frequently  obtained  which  are  noncrystalline, 
dark  brown,  and  melt  20°  C.  lower  than  that  of  the  pure 
picrate,  whereas  in  the  present  method  they  are  always 
crystalline,  bright  yellow,  and  seldom  melt  more  than  6°  C. 
lower  than  the  pure  picrate.  Because  the  picrates  obtained 
are  purer  and  because  the  variability  introduced  by  different 
moisture  contents  in  the  acetone  extractions  in  the  Wisting¬ 
hausen  procedure  is  not  present,  the  results  obtained  by  the 
hydrolysis  method  usually  check  much  better  than  those 
obtained  by  the  Wistinghausen  method  as  used  in  this  labora¬ 
tory.  For  qualitative  purposes  only,  the  hydrolysis  method 
is  very  rapid,  a  half  hour’s  stirring  and  refluxing  being  suffi¬ 
cient  to  remove  the  greater  portion  of  the  guanidine.  A 
qualitative  determination  requires  only  2  or  3  hours’  time 
from  the  beginning  of  the  determination  to  obtaining  the 
characterizing  melting  point  of  the  picrate. 

The  modification  of  the  above  method  to  determine  the 
guanidine  in  an  uncured  stock  by  precipitation  as  the  picrate 
is  as  follows : 


Figure  5.  Accelerator  Consumption  in  D 
Di-o-tolylguanidine  tread  stock 


A  10.0-gram  sample  is  dissolved  in  400  cc.  of  benzene  by  means 
of  stirring  and  heating.  If  small  bits  of  incompletely  dispersed 
stock  persist  in  the  cement,  no  harm  is  done.  Fifty  cubic  centi¬ 
meters  of  approximately  0.1  N  hydrochloric  acid  and  50  cc.  of 
water  are  added  and  the  mixture  is  stirred  and  heated  for  20  to 
30  minutes.  The  benzene  is  then  evaporated  while  stirring  is 
continued.  When  evaporation  is  complete,  the  rubber  remains 
in  a  porous,  spongy  mass  in  the  aqueous  solution.  The  latter, 
containing  most  of  the  guanidine,  is  poured  off.  The  remaining 
traces  of  guanidine  can  be  removed  from  the  stock  by  digesting 
for  a  few  minutes  with  each  of  two  more  successive  50-cc.  portions 
of  0.1  N  acid.  The  procedure  is  then  continued  as  described 
above. 

Analytical  Data 

The  analytical  results  given  in  Tables  II  and  III  are  largely 
self-explanatory.  Table  II  covers  the  preliminary  work. 

In  the  first  three  tabulated  determinations  (Nos.  29,  1,  and  2), 
the  uncompounded  guanidines,  dissolved  in  100  cc.  of  0.1  N 
hydrochloric  acid,  were  precipitated  with  an  equal  volume  of 


= 


Table  II.  Preliminary  Results 


Deter- 


mi  nation 
.  No. 

Stock 

Method 

Wt.  of  Picrate 
A  B 

29 

D.  P.  G.  (50  mg.,  commercial) 

Mg. 

94.1 

Mg. 

95.1 

1 

D.  O.  T.  G.  (50  mg.,  pure) 

93.2 

93.0 

2 

D.  O.  T.  G.  (50  mg.,  commercial) 

91.1 

91.3 

3 

H 'd 

144.3 

145.4 

5 

D. 

H 

142.2 

138.3 

7 

D. 

H 

132.5 

138.5 

10 

D. 

ff« 

125.1 

124.7 

11 

D. 

W 

86.3 

86.0 

12 

D. 

W 

113.5 

117.4 

14 

D. 

w 

127.9 

127.3 

9 

D. 

80.0 

78.8 

a  The  m.  p.  of  diphenylguanidine  picrate  is  170°  C.;  of  di-o-tolylguani¬ 
dine  picrate,  162-3°  C. 

b  Cured  90  minutes  at  290°  F.  (143°  C.). 


A v.  Wt.  of 
Picrate 
Corrected 
for 

Solubility 

Apparent 

Accel¬ 

erator 

Accelerator  Con- 
Recovered  sumption 

M.  P.  of 
Picrate 

Remarks 

Mg. 

102.6 

% 

98.7 

% 

°  C. 

163—5“ 

Theoretical  wt.  of 

picrate, 

98. 1 

100.0 

158-60 

104.0  mg. 

Theoretical  wt.  of 

picrate 

96.2 

98.2 

158-60 

98.0  mg. 

150.0 

76 

24 

Three  1-hr.  periods 

Three  2-hr.  periods 

Three  8-hr.  periods 

130 

66 

34 

Commercial  acetone 

91 

46 

54 

.  . 

Dry  c.  p.  acetone 

. . 

Commercial  acetone 

+  10% 

water 

Commercial  acetone 

+  2% 

84 

43 

57 

water 

Benzene  extraction 

c  Theoretical  amount  of  guanidine  picrate  for  D,  196  mg. 
d  Hydrolysis  method. 

‘  Wistinghausen  method. 
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Table  III.  Analytical  Data 


Determination 

-Cure - . 

Wt. 

No. 

Stock 

Time 

Temp. 

Method 

A 

Min. 

°  F. 

Mg. 

65 

A“ 

0 

307 

W 

269.6 

47 

A 

10 

307 

W 

296.3 

48 

A 

30 

307 

W 

273.1 

49 

A 

60 

307 

w 

234.3 

50 

A 

90 

307 

w 

208.7 

34 

A 

10 

307 

H 

338.1 

23 

A 

30 

307 

H 

301.4 

24 

A 

60 

307 

H 

255.7 

25 

A 

90 

307 

H 

219.3 

66 

B<= 

0 

W 

265.0 

43 

B 

10 

307 

WT 

255.5 

45 

B 

30 

307 

W 

193.0 

44 

B 

60 

307 

W 

135.4 

46 

B 

90 

307 

W 

94.7 

26 

B 

10 

307 

H 

299.1 

27 

B 

30 

307 

H 

204.9 

28 

B 

60 

307 

H 

131.1 

31 

B 

90 

307 

H 

90.0 

64 

Cd 

0 

W 

182.7 

51 

C 

10 

307 

W 

152.7 

52 

c 

30 

307 

W 

132.5 

53 

c 

60 

307 

W 

112.8 

54 

c 

90 

307 

W 

86.6 

63 

c  / 

0 

H 

123.0 

39 

c 

10 

307 

H 

185.7 

40 

c 

30 

307 

H 

157.9 

38 

c 

60 

307 

H 

117.7 

37 

c 

90 

307 

H 

96.2 

64 

c 

0 

W 

182.7 

60 

c 

30 

290 

W 

111.4 

61 

c 

60 

290 

W 

112.1 

62 

c 

90 

290 

W 

118.0 

59 

c 

120 

290 

W 

94.4 

63 

c/ 

0 

H 

123.3 

19 

c 

30 

290 

H 

174.6 

17 

c 

60 

290 

H 

156.7 

20 

c 

90 

290 

H 

136.3 

21 

c 

120 

290 

H 

108.3 

67 

D  e 

0 

W 

76.8 

57 

D 

10 

307 

W 

81.5 

58 

D 

30 

307 

w 

96.8 

55 

D 

60 

307 

w 

103.6 

56 

D 

90 

307 

w 

76.9 

36 

D 

30 

307 

H 

146.9 

41 

D 

60 

307 

H 

131.6 

42 

D 

90 

307 

H 

122.1 

a  Theoretical  amount  of  guanidine  picrate,  417  mg. 
i>  The  m.  p.  of  diphenylguanidine  picrate  is  170°  C.;  of  di-o-tolylguani- 
dine  picrate,  162-3°  C. 

c  Theoretical  amount  of  guanidine  picrate,  390  mg. 


Av.  Wt.  of 


Picrate 

Picrate 
Corrected  for 

Accelerator 

Apparent 

Accelerator 

M.  P.  of 

B 

Solubility 

Recovered 

Consumption 

Picrate 

Mg. 

Mg. 

% 

% 

°  C. 

289.9 

287 

69 

31 

158-616 

296.4 

304 

73 

27 

163-5 

268.4 

279 

67 

33 

163-5 

237.9 

244 

58 

42 

162-4 

209.2 

217 

52 

48 

162-4 

336.9 

306 

83 

17 

163-5 

302.4 

310 

74 

26 

162-4 

254.9 

263 

63 

37 

162-4 

217.6 

226 

54 

46 

162-4 

256.9 

269 

69 

31 

160-2 

239.2 

255 

65 

35 

161-4 

188.8 

199 

51 

49 

157-60 

136.9 

144 

37 

63 

151-5 

96.2 

103 

27 

73 

154-7 

296.0 

306 

79 

21 

162-5 

203.3 

212 

54 

46 

162-5 

128.3 

138 

35 

65 

162-4 

93.7 

100 

26 

74 

160-3 

174.6 

186 

71 

29 

158-61 

161 

61 

39 

160-3 

134 !  2 

141 

54 

46 

161-4 

101.7 

115 

44 

56 

155-9 

88.9 

96 

37 

63 

160-2 

119.0 

129 

99 

1 

164-6 

188.6 

195 

75 

25 

162-4 

152.4 

163 

62 

38 

161-3 

119.9 

127 

48 

52 

161-3 

96.3 

104 

40 

60 

160-3 

174.6 

186 

71 

29 

158-61 

113.3 

120 

46 

54 

158-62 

122.7 

125 

48 

52 

157-61 

103.2 

118 

45 

55 

157-61 

86.3 

98 

37 

63 

157-61 

119.0 

129 

99 

1 

164-6 

173.1 

182 

70 

30 

162-4 

153.3 

163 

62 

38 

162—4 

135.6 

144 

55 

45 

162-4 

108.5 

•  116 

44 

56 

162-4 

82.5 

85 

43 

57 

141-6 

83.9 

88 

45 

55 

141-6 

102 

52 

48 

141-6 

90  .'0 

102 

52 

48 

141-5 

90.5 

89 

45 

55 

141-5 

152 

78 

22 

158-60 

134  A 

138 

70 

30 

158-60 

125.5 

129 

66 

34 

158-60 

4  Theoretical  amount  of  guanidine  picrate,  262  mg. 
*  Theoretical  amount  of  guanidine  picrate,  196  mg. 
/  10.0  gram  sample. 


picric  acid  solution  to  check  the  completeness  of  the  precipitation. 
When  the  5-  and  8-mg.  corrections  for  solubility  were  added  to  the 
weights  of  the  picrates  obtained,  the  results  were  satisfactory. 
The  next  three  determinations  (Nos.  3,  5,  and  7)  were  run  to  gain 
some  idea  as  to  the  proper  length  of  time  for  the  extraction  period 
in  the  hydrolysis  method.  It  was  concluded  that  there  was  no 
reason  for  continuing  these  extraction  periods  for  longer  than  an 
hour.  The  next  four  determinations  (Nos.  10,  11,  12,  and  14) 
were  made,  employing  various  acetone  extraction  procedures  as 
indicated  under  “Remarks,”  and  show  the  variation  in  results 
caused  by  the  introduction  of  water.  The  last  determination 
(No.  9)  was  run  by  extracting  the  stock  with  dry  benzene  and 
then  determining  the  guanidine  in  the  filtered  extract  by  hydro¬ 
chloric  acid  extraction  and  precipitation  in  the  usual  maimer. 

Since  the  results  obtained  were  substantially  the  same  as 
those  obtained  with  dry  acetone,  it  is  evident  that  the  acetone- 
insoluble  guanidine  in  the  stock  is  liberated  by  the  hydrolytic 
effect  of  the  acid  rather  than  by  the  swelling  effect  of  the 
benzene. 

Table  III  is  a  tabulation  of  the  results  obtained  on  the 
various  cures  of  stocks  A,  B,  C,  and  D.  The  curves  shown  in 
Figures  1  to  5,  inclusive,  were  obtained  by  plotting  the  ap¬ 
parent  accelerator  consumption — i.  e.,  the  difference  between 
the  theoretical  and  the  determined  value — against  the  time 
of  cure.  Figures  1  and  2  also  contain  a  reproduction  of 
Wistinghausen’s  curves  for  stocks  A  and  B,  which  are  inserted 
for  the  sake  of  comparison.  In  Figure  4,  no  reasonable  curve 
representing  accelerator  consumption  as  determined  by  the 
Wistinghausen  method  can  be  drawn  through  the  plotted 
points. 

It  will  be  necessary  to  obtain  further  data,  especially  for 


short  curing  periods,  in  order  to  determine  the  true  course 
of  the  curve. 

Discussion  of  Results 

Reference  to  Figures  1,  2,  and  3  shows  that,  for  diphenyl¬ 
guanidine  stocks,  the  curves  obtained  by  the  hydrolysis  and 
Wistinghausen  methods  are  approximately  identical  over 
the  greater  part  of  their  range.  From  this  it  might  be  in¬ 
ferred  that,  for  practical  purposes,  the  guanidine  could  be 
determined  by  either  method.  This  would  be  true  if  we  were 
interested  in  overcured  stocks,  but  it  should  be  recalled  that, 
for  commercial  stocks,  only  the  first  quarter  of  the  curves 
(Figures  1,  2,  or  3)  would  be  involved.  Figure  4  (diphenyl¬ 
guanidine  stock  cured  at  290°  F.,  143°  C.)  shows  the  situation 
in  the  range  of  the  optimum  cure  somewhat  better,  as  far  as 
distance  between  the  curves  is  concerned,  although  the  true 
course  of  the  Wistinghausen  curve  is  not  known.  In  the 
case  of  di-o-tolylguanidine  stocks  (see  Figure  5),  the  difference 
between  the  two  curves  is  much  more  pronounced.  There 
is  apparently  more  extensive  compound  formation  with 
di-o-tolylguanidine  than  with  diphenylguanidine  and  this 
addition  compound  of  di-o-tolylguanidine  is  less  readily 
destroyed.  This  behavior  may  be  the  cause  of  the  greater 
accelerating  activity  of  di-o-tolylguanidine  as  compared  to 
diphenylguanidine . 

The  present  investigation  has  raised  a  number  of  questions 
which  can  be  answered  only  by  further  research.  Among 
other  things,  the  probability  that  there  is  compound  forma¬ 
tion  between  the  guanidine  and  the  protein,  or  the  rubber,  is 
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extremely  interesting.  The  fact  that  the  curves  as  determined 
by  the  acetone-extraction  method  and  by  the  hydrolysis 
method  approach  each  other  as  the  cure  continues  indicates 
that  it  is  the  bound  guanidine  that  is  being  destroyed.  It 
seems  quite  possible  that  the  greater  part  of  the  accelerating 
effect  on  vulcanization  is  not  due  to  the  guanidine  itself  but 
to  an  addition  product  of  guanidine  and  an  ingredient  of 
crude  rubber.  In  any  case,  the  author  believes  that  further 
work  in  this  direction  wall  throw  considerable  light  on  the 
mechanism  of  acceleration. 
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Change  of  Penetration  with  Temperature  of 

Various  Asphalts 

I.  BENCOWITZ  AND  E.  S.  BOE,  Texas  Gulf  Sulphur  Co.,  Gulf,  Texas 


THE  susceptibility  of  as¬ 
phalts  to  temperature 
changes  is  probably  the  most 
important  characteristic  of 
these  substances.  To  be  able 
to  evaluate  this  coefficient  with 
precision  is  most  essential  both 
I  for  purposes  of  identification 
and  for  revealing  intrinsically 
the  suitability  of  a  given  asphalt 
for  a  desired  purpose.  Though 
many  attempts  have  been 
made  to  arrive  at  some  method 
of  determining  this  factor  of 
susceptibility,  no  satisfactory 
procedure  has  as  yet  been 
worked  out  ( 5 ). 

Abraham  ( 1 )  observed  that 
the  difference  in  consistometer 
hardness  at  46.1°  and  0.0°  C.  (115°  and  32°  F.)  divided  by 
the  Kramer-Samow  fusing  point  (2)  is  a  constant  for  all 
asphalts  derived  from  the  same  source.  This  series  of  con¬ 
stants  he  terms  “susceptibility  factors.”  Whatever  the 
technical  objections  to  this  method  may  be,  these  factors  do 
not  evaluate  the  susceptibility  to  temperature  change  of 
those  asphalts  which  come  from  the  same  source  but  which  are 
processed  differently,  nor  does  this  method  yield  a  definite 
'elation  between  the  true  susceptibility  and  the  group  factors 
obtained. 

The  procedure  generally  adopted  by  asphalt  technologists 
.(insists  of  obtaining  a  ratio  of  the  difference  between  two 
lenetrations  at  46.1°  and  0.0°  C.  (115°  and  32°  F.)  divided 
jy  that  at  25°  C.  (77°  F.).  The  three  penetration  readings 
ire  obtained  with  three  different  loads  and  two  different  time 
leriods  (3).  That  this  method  is  not  satisfactory  is  conceded; 
dthough  it  is  found  useful  for  identification  purposes,  it  is 
it  times  misleading. 

Many  other  methods  are  in  vogue  ( 6 ).  None  of  these, 
lowever,  determines  any  intrinsic  property  of  asphalts. 

’  requently  the  order  of  these  various  indexes  is  not  the 
ame  as  the  order  of  the  true  susceptibilities,  while  the  nu¬ 
merical  relation  between  their  magnitude  is  hardly  ever  the 
ame  as  the  relative  susceptibilities  for  a  series  of  asphalts, 
’erhaps  the  susceptibility  of  some  other  property  of  asphalts 
b  temperature  changes  may  be  of  greater  utility  ( 5 ),  but  the 


penetration  still  remains  to 
be  the  best  known  and  most 
generally  used  test  for  asphalts 

(4). 

The  aim  of  this  investiga¬ 
tion  was  not  merely  to  find  a 
factor  or  an  index  which  would 
give  the  relative  order  of  the 
susceptibilities  of  different 
asphalts,  but  also  to  obtain  a 
concise  expression  by  means  of 
which  the  entire  curve  could 
be  visualized  or  determined — - 
i.  e.,  the  susceptibility  of  the 
penetration,  dp/dt,  at  any  de¬ 
sired  point  within  a  given  range 
of  temperature. 

The  equation  suggested  be¬ 
low  represents  experimental 
data  well  within  the  experimental  error  and  gives  a  concise 
method  of  representation.  By  means  of  this  equation,  when 
three  penetrations  at  three  temperatures  are  known,  it  is 
possible  to  calculate  with  precision  the  entire  susceptibility 
curve.  Furthermore,  an  “index”  of  this  susceptibility, 
yielding  relative  values  over  a  desired  temperature  range 
with  adequate  precision  for  all  practical  purposes,  is  derived 
from  this  equation. 

Experimental  Procedure 

The  standard  procedure  (3)  for  measuring  penetrations 
was  employed.  Great  care  was  observed  with  regard  to  such 
important  and  well-known  details  as  overheating,  aging,  etc. 

A  large  bath,  the  temperature  of  which  was  varied’  and 
controlled,  supplied  a  stream  of  water  within  which  the  cup, 
filled  with  the  asphalt  under  investigation,  was  immersed. 
A  thermometer  was  imbedded  in  the  asphalt  in  the  center  of 
the  cup.  Preliminary  studies  showed  that  the  temperature 
in  the  center  of  the  cup  and  that  1.25  cm.  (0.5  inch)  away  were 
identical,  and  that  the  presence  of  the  thermometer  did  not 
affect  the  penetrometer  readings  taken  half-way  between  the 
center  and  the  side  of  the  cup.  The  cups  were  allowed  to 
remain  at  a  constant  temperature  for  30  minutes  before  a 
reading  was  taken,  and  the  thermometer  was  read  before  and 
after  each  set  of  readings.  No  variation  larger  than  0.2°  C. 
was  allowed.  In  determining  the  final  value  of  the  penetra- 


In  this  investigation  a  simple  equation, 
P  =  A  +  B  X  C‘,  was  found  to  express  the 
variation  of  the  penetration  of  thirteen 
asphalts  with  the  temperature. 

Several  sources  and  methods  of  process¬ 
ing  are  represented  in  the  asphalts  which 
were  studied.  The  equation  can  be  solved 
when  three  penetrations  obtained  with  the 
same  weight  and  for  the  same  period  of 
time  at  different  temperatures  are  known. 
By  means  of  this  equation  a  simple  index, 
Pz  ~  Pu  was  found  to  represent  adequately 
the  order  and  the  relative  magnitude  of 
the  temperature  susceptibility  of  the  thir¬ 
teen  asphalts. 
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tion  at  least  five  readings  were  taken,  the  average  deviation 
of  which,  from  the  average,  did  not  exceed  0.3  mm. 

Thirteen  asphalts,  the  characteristics  of  which  are  given  in 
Table  I,  have  been  studied,  including  asphalts  from  Vene¬ 
zuelan  and  Midcontinent  asphaltic  base  petroleums  as  well 
as  native  Trinidad  Lake.  Various  processes  of  manufacture 
are  represented:  air-blown,  steam-refined,  and  vacuum- 
refined. 


Table  I.  Characteristics  of  Asphalts  Studied 


Asphalt 

No.° 

Source 

Process 

Penetra- 

tionf> 

Softening 

Point 

B  &  Rc 

1 

Mexican  and  Texas 

Air  and  steam 

7 

298 

2 

Mexican  and  Texas 

Air  and  steam 

11 

245 

3 

Mexican  and  Texas 

Air  and  steam 

11 

232 

4 

Trinidad  Lake 

Native 

2 

200 

5 

Venezuelan 

V  acuum-distilled 

8 

170 

6 

Midcontinent 

Air-blown 

25 

176 

7 

Mexican  and  Texas 

Air  and  steam 

26 

193 

8 

Mexican  and  Texas 

Air-blown 

30 

168 

9 

Venezuelan 

Air-blown 

26 

169 

10 

Venezuelan 

V  acuum-distilled 

26 

133 

11 

Fluxed  refined 

Batch  steam 

50 

131 

12 

Trinidad  Lake 
Venezuelan 

V  acuum-distilled 

42 

119 

13 

Mexican 

Steam-refined 

220 

96 

a  These  numbers  refer  to  the  curves  in  Figures  1,2, 
b  At  77°  F.,  100-gram  weight,  5  seconds. 
<+Ball-and-ring  method. 

and  3. 

Change  of  Penetration  with  Temperature 

The  experimental  data  plotted  against  the  temperature 
gave  a  group  of  smooth  curves  (Figure  1).  The  general  simi¬ 
larity  and  nature  of  the  curves  suggested  that  some  exponential 


equation  should  express  the  penetration  of  all  asphalts. 
Equation  1  was  found  to  represent  the  experimental  results 
with  a  high  degree  of  accuracy. 

p  =  A  +  B  X  0  (1) 

where  p  is  the  penetration  in  decimillimeters 

t  is  the  temperature  in  degrees  Centigrade 
A,  B,  and  C  are  constants  characteristic  of  each  asphalt 

The  validity  of  the  equation  is  proved  by  plotting  log 
(p  —  A)  against  t.  Straight  lines  are  obtained  (Figure  2). 
The  equation  is  further  tested  by  comparing  the  calculated 
values  with  those  obtained  experimentally.  These  compared 
values  are  given  in  columns  2  and  3,  and  6  and  7  of  Table  II. 
The  deviations  in  columns  4  and  8  are  in  only  a  few  cases 
greater  than  0.4  mm.,  and  in  terms  of  percentage  the  average 
deviation  is  less  than  5  per  cent. 

Three  penetrations  at  any  three  temperatures  are  sufficient 
for  the  solution  of  Equation  1.  However,  a  simplification  of 
the  solution  is  gained  if  the  three  temperatures  are  so  chosen 
that 

<3  -  =  0  (2) 

If  0°  C.  is  taken  for  th  Equation  1  reduces  to  the  simple  form 

Pz  —  Pl  =  O-  (3) 

V2  -  Pl 

The  values  of  the  three  constants  calculated  for  thirteen 
asphalts  are  given  in  Table  III.  In  calculating  these  con- 


Temp. 
0  C. 


0.0 

22.5 
26.2 

32.5 


0.0 

19.0 

25.0 

30.0 


0.0 

16.5 

20.0 

26.4 


0.0 

33.0 

38.0 

43.7 


0.0 

18.0 

23.2 

30.0 

34.0 

39.5 


0.0 

15.0 

20.0 

22.0 

25.2 

29.5 

33.0 


0.0 

19.0 

24.5 

27.0 

30.0 

34.0 

36.7 


Table  II.  Comparing  Experimental  and  Calculated 


Pftnp.t,  ration® 

Devia¬ 

Penetration® 

Expt. 

Calcd. 

tion 

Temp. 

Expt. 

Calcd. 

Deviation 

°  C. 

Asphalt  1 

4 

4.0 

0.0 

38.5 

10.5 

10.2 

-0.3 

6 

6.2 

+0.2 

42.5 

12.5 

12.1 

-0.4 

7.5 

6.9 

-0.6 

46.0 

14 

13.9 

-0.1 

8.5 

8.4 

-0.1 

53.2 

19 

19.0 

0.0 

Average  deviation  2.6% 

Asphalt  2 

5 

5.0 

0.0 

35.0 

16 

16.2 

+0.2 

9.5 

9.2 

-0.3 

41.0 

19.5 

20.1 

+0.6 

11.5 

11.3 

-0.2 

44.0 

22.5 

22.5 

0.0 

14 

13.5 

-0.5 

50.0 

28 

28.2 

+0.2 

Average  deviation  1.7% 

Asphalt  3 

4.5 

4.5 

0.0 

35.2 

17 

16.1 

-0.9 

8 

7.8 

-2.0 

39.6 

20 

19.3 

-0.7 

9 

8.9 

-0.1 

50.0 

29.5 

30.0 

+0.5 

11 

11.3 

+0.3 

51.5 

32 

32.1 

+0.1 

Average  deviation  2.2% 

Asphalt  4 

1 

1.0 

0.0 

47.6 

13 

13.1 

+0.1 

3 

3.3 

+0.3 

50.0 

17 

16.9 

—0.1 

5 

5.0 

0.0 

51.7 

21 

20.3 

-0.7 

8.5 

8.8 

+0.3 

55.0 

31 

29.1 

-1.9 

Average  deviation  3.0% 

Asphalt  5 

3.5 

3.5 

0.0 

39.8 

21 

21.5 

+0.5 

6.5 

5.9 

-0.6 

43.5 

29.5 

28.3 

—  1.2 

7.5 

7.5 

0.0 

44.5 

31 

30.5 

—0.5 

10.5 

11.1 

+0.6 

47.0 

39 

36.9 

-2.1 

13.5 

14.3 

+  0.8 

52.0 

55 

54 . 5 

—0 . 5 

20.5 

21.1 

+  0.6 

53.5 

57.5 

61.4 

+  3.9 

Average  deviation  3.7% 

Asphalt  6 

9 

9.0 

0.0 

34.6 

40.5 

38.3 

-2.2 

15.5 

16.7 

+  1.2 

37.5 

46 

43.4 

—2.6 

19 

20.6 

+  1.6 

44.0 

60 

57.5 

— 2.5 

22 

22.4 

+0.4 

45.6 

64 

61.6 

—2.4 

25.5 

25.6 

+0.1 

48.0 

69 

68.4 

—0.6 

32 

30.8 

—  1.2 

50.0 

73.5 

74.5 

+  1.0 

36.5 

35.8 

-0.7 

52.5 

82 

83.5 

+  1.5 

Average  deviation  3.4% 

Asphalt  7 

11 

11.0 

0.0 

41.3 

53.5 

53.8 

+0.3 

20 

20.0 

0.0 

44.0 

61 

61.5 

+0.5 

25 

25.0 

0.0 

46.2 

68.5 

68.7 

+  0.2 

28 

27.8 

-0.2 

49.0 

79 

79.2 

+0.2 

32 

31.7 

-0.3 

51.5 

90.5 

90.0 

—0.5 

37.5 

38.0 

+0.5 

54.0 

102 . 5 

102.5 

0.0 

43 

43.1 

+0.1 

55.3 

112 

109.6 

—2.4 

Average  deviation  0.6% 

Values  as  a  Proof  of  Validity  of  Equation  1 


Penetration0 

Devia¬ 

Penetration0 

Temp. 

Expt. 

Calcd. 

tion 

Temp. 

Expt. 

Calcd. 

Deviation 

0  C. 

°  C. 

Asphalt  8 

0.0 

11.5 

11.5 

0.0 

34.5 

45 

45.0 

0.0 

5.8 

14.5 

14.2 

-0.3 

37.0 

48 

50.1 

+2.1 

11.0 

18 

17.3 

-0.7 

41.2 

61 

60.1 

-0.9 

20.0 

25 

24.6 

-0.4 

43.0 

65 

64.9 

-0.1 

24.5 

29.5 

29.6 

+0.1 

44.5 

68 

69.3 

+  1.3 

28.0 

34 

34.2 

+0.2 

50.5 

89 

90.2 

+  1.2 

29.0 

34 

35.7 

+  1.7 

53.5 

104 

103.0 

-1.0 

Average  deviation  1.7% 

Asphalt  9 

0.0 

10 

10.0 

0.0 

33.5 

39 

38.7 

-0.3 

16.5 

18.5 

18.1 

-0.4 

36.8 

45.5 

45.4 

-0.1 

21.0 

21.5 

21.9 

+0.4 

40.7 

54 

55.0 

+  1.0 

26.0 

28 

27.3 

-0.7 

44.0 

63.5 

64.9 

+  1.4 

29.0 

31 

31.3 

+0.3 

48.2 

78.5 

80.4 

+  1.9 

30.5 

34 

33.6 

-0.4 

51.0 

95 

92.8 

-2.2 

Average  deviation  1.5% 

Asphalt  10 

0.0 

4.5 

4.5 

'  0.0 

34.5 

56.5 

57.3 

+0.8 

17.8 

15 

14.8 

-0.2 

37.0 

69.5 

70.8 

+  1.3 

24.1 

24.5 

24.3 

-0.2 

41.0 

101 

99.6 

-1.4 

27.2 

30 

31.2 

+  1.2 

43.6 

129 

124.4 

-4.6 

31.2 

42 

43.5 

+  1.5 

46.4 

161 

158.2 

-2.8 

Average  deviation  1.9% 

Asphalt  11 

0.0 

8 

8.0 

0.0 

32.0 

81 

85.9 

+4.9 

10.0 

12.5 

15.2 

+2.7 

32.6 

85 

90.3 

+4.7 

12.5 

16 

18.1 

+2.1 

33.6 

96 

98.2 

+2.2 

15.9 

21.5 

23.4 

+  1.9 

35.0 

113 

110.5 

— 2 . 5 

20.7 

35 

34.0 

-1.0 

38.0 

138 

142.5 

+4 . 5 

24.0 

46 

44.4 

-1.4 

40.0 

169 

168.9 

-0.1 

28.8 

65 

65.8 

+0.8 

42.0 

202 

200.3 

—  1.7 

Average  deviation  4.7% 

Asphalt  12 

0.0 

5 

5.0 

0.0 

26.3 

49 

45.6 

-3.4 

14.0 

12.5 

12.7 

+0.2 

30.5 

74.5 

74.0 

—0.5 

20  0 

22 

22.9 

+0.9 

34.8 

125.5 

123.0 

— 2 . 5 

23.2 

34 

32.3 

-1.7 

41.0 

250 

259.0 

+9.1 

Average  deviation  3.0% 

Asphalt  13 

0.0 

33 

33.0 

0.0 

14.8 

100.5 

104.8 

+4.3 

5.7 

50 

50.8 

+0.8 

17.4 

130 

129.7 

—0.3 

9  2 

66 

66.8 

+0.8 

19.2 

151 

150.4 

—0.6 

13!0 

86 

90.6 

+4.6 

21.5 

177  181.9  #  +4.9 

Average  deviation  1.9% 

a  100-gram  weight  on  needle  5-second  time  period. 
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Figure  1.  Experimental  Data  Plotted  against 
Temperature 

stants,  penetrations  were  read  off  the  experimental  curve  at 
0.0°,  25°,  and  50°  C.  (32°,  77°,  and  122°  F.)  for  all  asphalts 
but  Nos.  10,  11,  12,  and  13.  For  asphalts  10,  11,  and  12  the 
temperatures  0.0°,  20°,  and  40°  C.  were  used,  and  for  asphalt 
13  the  temperatures  0.0°,  10°,  and  20°  C. 

Constants  B  and  C  can  be  calculated  or  read  off  the  curve 
of  log  (p  —  A)  vs.  t  (Figure  2).  The  slope  of  the  straight  line 
is  log  C,  and  the  intercept  with  the  ordinate  is  log  B. 

In  plotting  the  straight  lines  of  Figure  2,  penetrations  at 
round  temperatures  were  read  off  experimental  curves  (Figure 

It  may  be  of  interest  to  point  out  that  B  is  a  dimensional 
constant,  so  that  any  temperature  scale  can  be  employed  by 
modifying  B  correspondingly.  Relation  2,  however,  will  be 
i  changed. 

Susceptibility  to  Temperature  Changes 

Differentiating  Equation  1  we  obtain  dp/dt  =  B  X  In  C  X 
C*.  It  follows  that  neither  the  first  nor  any  other  derivative 
is  a  constant.  A  further  proof,  however,  that  this  conclusion 
Jls  an  inherent  property  of  the  penetration  and  not  merely  a 


consequence  of  the  authors’  particular  empirical  equation, 
can  be  obtained  from  the  nature  of  the  experimental  curves 
given  in  Figure  1.  These  are  not  straight  lines,  nor  do  they 
exhibit  uniform  curvature.  Any  attempt,  therefore,  to  ex¬ 
press  the  susceptibility  of  the  penetration  to  temperature 
changes  by  a  constant  factor  cannot  possibly  yield  an  ac¬ 
curate  representation  of  the  true  property.  The  rate  of 
change  is  different  at  different  temperatures  and  this  difference 
is  not  the  same  for  any  two  asphalts.  " 

Table  III.  Constants  of  Equation  1  for  Various  Asphalts 


No.  of  Asphalt 

A 

B 

c 

1 

3.06 

0.94 

1.0545 

2 

1.18 

3.82 

1.0399 

3 

1.56 

2.94 

1 . 0465 

4 

0.944 

0.056 

1.1197 

5 

2.82 

0.68 

1 . 0869 

6 

0.77 

8.23 

1.0448 

7 

6.14 

4.86 

1 . 0569 

8 

2.63 

8.87 

1 . 0464 

9 

4.37 

5.63 

1.0555 

10 

1.73 

2.77 

1 . 0908 

11 

2.80 

5.20 

1 . 0905 

12 

3.31 

1.69 

1.1302 

13 

4.57 

28.43 

1 . 0889 

Thus,  observing  the 

experimental  curves 

in  Figure 

note  that  in  the  case  of  Trinidad  Lake  asphalt  (No.  4)  the 
penetration  hardly  changes  with  the  temperature  up  to  30°  C., 
while  above  that  temperature  the  penetration  begins  to  rise 
very  rapidly.  The  other  extreme  is  shown  in  the  case  of 
asphalt  13,  the  penetration  of  which  begins  to  rise  rapidly 
even  at  the  lowest  temperature.  Asphalt  7  and  several  others, 
on  the  other  hand,  give  an  even  rise  throughout  the  entire 
range. 

These  facts  are  not  revealed  by  any  one  constant  factor, 
whereas  an  accurate  representation  of  fact  can  be  gained  by 
the  derivative  dp/dt.  Or,  to  conform  to  the  usage  of  ex¬ 
pressing  similar  variations  of  other  important  characteristics 
of  matter,  such  as  the  coefficient  of  compressibility,  etc.,  we 
may  define  the  susceptibility  of  asphalts  by  the  coefficient 


Figure  2.  Demonstrating  Validity  of  Equation 
p  =  A  +  B  X  C‘ 
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1/p  X  dp/dt.  Values  of  dp/dt  for  the  thirteen  asphalts  at 
four  different  temperatures  are  given  in  Table  IV. 


Table  IV.  Susceptibilities  at  Four  Different 
Temperatures 


No.  of 

dp/dt. 

dp/dt, 

dp/dt, 

dp/dt. 

Asphalt 

0°  C. 

25°  C. 

46.1°  C. 

50°  C. 

1 

0.05 

0.19 

0.58 

0.72 

2 

0.15 

0.40 

0.91 

1.05 

3 

0.13 

0.42 

1.08 

1.30 

4 

0.006 

0.43 

1.15 

1.80 

5 

0.06 

0.46 

2.63 

4.30 

6 

0.36 

1.07 

2.72 

3.23 

7 

0.27 

1.07 

3.43 

4.23 

8 

0.40 

1.24 

3.23 

3.87 

9 

0.30 

1.17 

3.65 

4.50 

10 

0.24 

2.56 

13.3 

11 

0.45 

3.98 

_  _ 

12 

0.21 

4.35 

13 

2.42 

. . 

Index  of  Susceptibility 

If  a  practical  simplification  is  desired  for  the  sake  of  con¬ 
ciseness,  it  is  possible  to  obtain  a  constant  which  will  express 
approximately  the  relative  susceptibilities  of  different  asphalts. 
This  can  be  obtained  by  evaluating  the  area  under  the  curve 
of  dp/dt  vs.  t  (Figure  3).  This  area  is  given  by  integrating 
the  differential  with  respect  to  temperature  between  the 
limits  of  the  desired  temperatures. 

Index  of  susceptibility  =  area  under  curve  dp/dt  vs.  t 


Thus  we  obtain  not  only  a  constant  to  express  the  relative 
susceptibilities  of  various  asphalts,  but  the  entire  problem  is 
a  good  deal  simplified.  Only  two  penetrations  at  specified 
temperatures  are  necessary.  It  must  be  borne  in  mind  that  in 
comparing  the  indexes  of  different  asphalts  the  temperature 
range  in  all  cases  must  be  the  same.  In  columns  2,  3,  and  4 
of  Table  V  are  given  the  values  of  such  indexes  obtained  by 
integrating  between  0°  and  25°  C.,  0°  and  40°  C.,  and  0° 
and  50°  C.,  respectively. 


Table  V.  Indexes  of  Susceptibility 


r  25 

r  40 

/*50 

No.  of 

/ 

/ 

/ 

Asphalt 

J  0  dt 

Jo  dt 

Jo  dt 

4 

0.9 

5.1 

15.9 

1 

2.6 

7.0 

12.4 

2 

6.3 

14.4 

23.1 

3 

6.2 

15.2 

25.9 

5 

4.8 

18.3 

43.1 

6 

16.4 

39.4 

65.5 

7 

14.5 

39.5 

72.3 

9 

16.1 

43.2 

78.1 

8 

18.7 

45.5 

76.7 

10 

21.6 

87.0 

11 

40.1 

160.9 

12 

34.4 

224.6 

13 

191.5 

.  , 

The  order  of  the  susceptibilities  is  not  the  same  in  the  three 
columns.  This  should  be  expected  because  of  the  change  in 
the  temperature  range,  since  some  asphalts  are  more  suscep¬ 
tible  than  others  at  one  part  of  the  temperature  range  and  less 
susceptible  at  another  part  of  it. 

It  might  seem  superficially  that  the  slope  of  the  straight 
lines  in  Figure  2,  which  is  equal  to  log  C,  could  serve  as  an 
index.  Or,  since  dp/dt  =  B  X  In  C  X  C‘,  the  product 
B  X  In  C  could  be  used  as  a  factor  of  the  susceptibility. 
Neither,  however,  gives  a  series  of  constants  which  represent 
the  order  of  the  true  susceptibilities  as  noted  in  Figures  1 
and  3. 


In  the  early  stages  of  this  investigation  the  authors  were 
hopeful  that  the  slopes  of  the  straight  lines  (Figure  2)  could 
be  utilized  as  indexes  of  the  susceptibility.  However,  as  the 
work  progressed  and  a  larger  variety  of  asphalts  were  included, 
it  became  obvious  that  these  slopes  were  not  true  indicators 
of  the  relative  susceptibilities. 

In  column  2,  Table  VI,  are  given  the  values  of  log  C,  the 
slope  of  the  respective  straight  lines,  multiplied  by  100. 
Comparing  these  values  with  the  obvious  susceptibilities  as 
seen,  if  only  qualitatively,  by  the  experimental  curves 
(Figure  1),  it  will  be  noted  that  neither  the  true  order  nor 
the  relative  magnitudes  are  represented.  Thus  the  slope 
for  asphalt  13  can  be  given  as  8.52.  This  is  considerably 
smaller  than  the  values  of  the  slopes  of  asphalts  12  and  4, 
which  are  12.24  and  11.31,  respectively.  Yet  it  is  obvious 
that  susceptibility  of  asphalt  13  is  by  far  the  greatest,  while 
the  susceptibility  of  asphalt  4  is  one  of  the  smallest.  The 
slopes  of  asphalts  10,  11,  and  13  are  practically  equal — viz., 
8.69,  8.66,  and  8.52,  respectively — yet  their  respective  sus¬ 
ceptibilities  are  far  apart. 

The  product  B  X  In  C  given  in  column  3,  Table  VI,  is  a 
much  better  approximation.  But  comparing  these  values 


Figure  3.  Index  of  Susceptibility 
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with  the  values  of  dp/dt  at  the  several  temperatures  (Table 
IV)  it  will  be  seen  that  the  order  of  the  susceptibilities  is  not 
quite  correct  in  a  few  cases. 

Since  it  is  customary  to  express  the  susceptibility  as  some 
sort  of  ratio  which  involves  the  actual  penetration  in  addition 
to  the  change  in  penetration,  it  was  suggested  that  the  index 
Vi  —  Pi  be  divided  by  the  penetration  at  a  given  temperature. 
Such  ratios  are  valid  only  when  similar  types  of  asphalts 
are  compared.  However,  discordant  results  are  obtained 
when  a  large  group  of  asphalts  are  compared. 

It  is  felt,  therefore,  that  the  index  suggested,  p2  —  p\,  as 
an  approximation,  is  superior  to  any  others.  The  value  of 
dp/dt,  however,  is  the  only  accurate  guide  for  classifying  the 
susceptibilities  of  large  varieties  of  asphalts. 


Index  =  pioog./5  see./50°  C.  —  pmg-/5  sec./0°  C.  = 

17  -  1  =  16 

or 


Index  =  (p2 5og./5  sec./50°  C. 

Pioog./5  sec./50° 
P2sog./5  sec./50° 


—  P25og./5  sec./0°  C.)  X 

■%.  -  <33'4  -  2>  30  “  15  98 


In  the  case  of  a  soft  asphalt,  accepting  for  the  sake  of  il¬ 
lustration  25.8°  C.  as  the  upper  temperature  limit,  for  asphalt 
No.  10, 

Index  =  pioog./5  sec./25.8°  C.  -  pl00g./5  sec./0°  C.  = 

29.5  -  4.5  =  25.0 

or 


Table  VI.  Values  of  Log  C,  the  Slope  of  the  Straight 


Lines  (Figure  2) 

AND  B  hi  C 

No.  of 

Asphalt 

Log  C  X  102 

B  In  CX  102 

4 

11.31 

5.32 

1 

5.31 

4.98 

2 

3.91 

14.93 

3 

4.55 

13.34 

5 

8.33 

5.66 

6 

4.38 

36.04 

7 

5.53 

26.86 

9 

5.40 

30.36 

8 

4.53 

40.19 

10 

8.69 

23.46 

11 

8.66 

45.00 

12 

12.24 

20.66 

13 

8.52 

241.87 

Effect  of  Weight  upon  Penetration 

The  above  discussion  refers  to  penetrations  obtained  with 
a  needle  loaded  with  the  same  weight  (100  grams)  and  for  the 
same  interval  of  time.  It  may  be  desirable  at  times  to  employ 
different  weights.  Thus  in  the  case  of  a  very  hard  asphalt, 
such  as  No.  4,  the  penetration  is  so  small  that  the  magnitude 
of  the  error  inherent  in  the  experimental  procedure  becomes 
appreciable  and  a  larger  reading  is  desirable.  On  the  other 
hand,  in  case  of  very  soft  asphalts,  such  as  No.  13,  the  penetra¬ 
tion  is  too  great  when  obtained  with  100  grams  and  a  weight 
of  50  grams  may  be  more  suitable. 

To  determine  the  relation  between  weight  and  penetration, 
a  series  of  readings  was  made  using  different  weights.  Several 
asphalts  were  studied.  It  was  found  that  in  all  cases  the  ratio 
of  two  penetrations  obtained  with  two  different  weights  was 
practically  constant  over  the  entire  temperature  range. 
The  experimental  results  are  given  in  columns  2,  3,  4,  and  5 
of  Table  VII.  In  columns  6,  7,  and  8  are  given  the  ratios  of 
penetration  obtained  with  three  different  weights.  This 
fact  can  be  utilized  whenever  it  is  desirable  to  measure  pene¬ 
tration  with  a  weight  smaller  or  larger  than  100  grams. 

The  index  then  for  a  soft  asphalt  is 

(p&og./5  sec./40°  C.  -  p5og./5  sec./0°  C.)  X  SeC'^0° 

!P50g*/5  sec./0 

or  in  case  of  a  hard  asphalt 

(p2oog./5  sec./40°  C.  or  50°  C.  —  p2 oog./5  sec./0°  C.)  X 

Pioog./5  sec./40°  or  50°  C. 
P2oog./5  sec./40°  or  50°  C. 

The  accuracy  of  this  conversion  will  depend  upon  the 
constancy  of  the  ratio  of  the  two  penetrations  throughout  the 
temperature  range. 

As  practical  illustrations  of  the  possible  deviation  we  can 
calculate  the  index  for  a  hard  asphalt,  No.  4,  and  a  soft  as¬ 
phalt,  No.  10,  using  the  data  given  in  Table  VII. 

For  No.  4, 


Index  =  (p50g./5  sec./25.8°  C.  -  p5 0g./5  sec./0°  C.)  X 

Pioog./5  sec./0°  C.  _  _  4.5  _ 

P50.-/5  sec. 70°  C.  (2°  3)  3  _  25-5 


The  agreement  in  both  cases  is  excellent. 


Conclusion 

■  An  equation  is  found  which  expresses  concisely  the  varia¬ 
tion  of  the  penetration  of  various  asphalts  with  temperature. 
The  equation  represents  the  experimental  data  for  thirteen 
asphalts  of  different  sources  and  methods  of  processing,  well 
within  experimental  error.  The  present  technic  followed  by 
routine  asphalt  laboratories  of  reporting  penetrations  at 
three  different  temperatures  is  found  sufficient  for  solving  the 
equation 

P  =  A  +  B  X  C‘ 

providing  the  weight  and  time  period  for  all  three  penetra¬ 
tions  are  the  same  and  the  temperatures  expressed  in  Centi¬ 
grade  are  so  chosen  that 

tz  —  2 12  -j-  ti  =  0 

i.  e.,  50°,  25°,  and  0°  C.,  or  40°,  20°,  and  0°  C.  This  limita¬ 
tion  is  not  essential  for  the  solution  of  the  equation,  but  the 
solution  is  simplified  a  good  deal  if  the  suggestion  is  followed. 

By  means  of  this  equation  it  is  possible  to  represent  the 
change  of  penetration  with  temperature  throughout  the  work¬ 
ing  temperature  range.  The  differential  dp/dt  represents  the 
true  susceptibility.  However,  to  conform  to  the  usage  of 
expressing  similar  variations  of  other  important  character- 


Table  VII.  Effect  of  Weight  upon  Penetration 


■Penetrations - Penetration  Ratios 


Temp. 

50  g. 

100  g. 

200  g. 

250  g. 

100/50 

100/200 

100/250 

°  C. 

Asphalt  8 

0.0 

5.0 

9.0 

14.0 

16.0 

1.80 

0.653 

0.562 

20.0 

14.5 

24.8 

36.2 

41.2 

1.71 

0.685 

0.602 

25.0 

17.5 

30.0 

44.5 

51.4 

1.71 

0.674 

0.583 

30.0 

20.9 

36.3 

54.7 

65.0 

1.74 

0.663 

0.558 

35.0 

25.6 

45.2 

68.2 

84.0 

1.76 

0.663 

0.538 

40.0 

31.8 

56.4 

1.74 

Av.  1 . 74 

o!  677 

0 ' 568 

Asphalt  4 

0.0 

1.0 

2.0 

0.5 

30.0 

2.5 

4.6 

5.8 

0  ]  54 

0.43 

35.0 

3.6 

7.0 

8.0 

0.51 

0.45 

40.0 

6.0 

11.6 

13.3 

0.517 

0.451 

45.0 

10.1 

18. 1 

21.6 

0.559 

0.467 

27.0 

17.0 

27.3 

33.4 

0.623 

0.509 

Av.  0.550 

0.468 

Asphalt  6 

0.0 

4.5 

7.0 

11.0 

12.0 

1.55 

0.636 

0.583 

25.8 

17.0 

25.5 

40.5 

46.0 

1.50 

0.603 

0.550 

Asphalt  9 

0.0 

5.5 

9.0 

13.5 

16.0 

1.63 

0.666 

0.563 

25.8 

17.5 

28.0 

45.5 

51.0 

1.60 

0.615 

0.550 

Asphalt  10 

0.0 

3.0 

4.5 

7.0 

8.5 

1.5 

0.643 

0.529 

25.8 

20.0 

29.5 

49.0 

56.5 

1.48 

0.602 

0.522 
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istics  of  matter,  such  as  the  coefficient  of  compressibility, 
etc.,  we  may  define  the  susceptibility  of  asphalts  by  the  coef¬ 
ficient  1/p  X  dp/dt.  This  can  be  advantageously  used  for 
classification  of  all  asphalts,  regardless  of  their  sources  or 
methods  of  processing,  providing  the  above  empirical  equa¬ 
tion,  or  a  similar  equation,  expresses  the  experimental  varia¬ 
tion  of  the  penetration  with  temperature. 

Unfortunately,  this  coefficient  is  not  a  constant.  The 
established  usage  of  asphalt  laboratories  is  to  employ  some 
sort  of  a  constant  factor  for  the  classification  of  asphalts. 
The  numerous  methods  of  deriving  these  factors  are  no  doubt 
found  useful  by  the  laboratories  using  them,  and  some  labora¬ 
tories  find  one  factor  more  useful  than  another.  None  of 
these  factors,  using  penetration  as  a  basis,  represents  the  true 
susceptibility,  though  for  limited  groups  of  asphalts  the  repre¬ 
sentation  is  no  doubt  sufficient  for  practical  purposes,  es¬ 
pecially  since  such  factors  are  employed  primarily  for  pur¬ 
poses  of  identification  rather  than  classification. 

The  authors  suggest,  therefore,  as  an  approximation,  a 
constant  factor  to  represent  the  susceptibility,  the  definite 
integral  of  dp/dt  between  the  limits  of  the  desired  temperature. 
This  integral  is  equal  to  p2  —  Pi-  It  is  found  that  this  factor 
represents  the  true  order  of  the  susceptibilities  and,  ap¬ 
proximately,  the  relative  magnitudes  of  all  asphalts  studied 
in  this  investigation.  Several  other  possible  expressions 
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which  suggested  themselves  were  found  to  be  of  no  intrinsic 
value. 

It  is  further  shown  that  the  ratio  of  penetration  obtained 
with  different  weights  at  different  temperatures  is  practically 
constant.  This  makes  it  possible  to  use  penetration  of  a 
hard  asphalt  obtained  with  200  or  250  grams  and  that  of  a 
soft  asphalt  with  50  grams  and  the  respective  indexes  are 
nevertheless  rigorously  comparable. 
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Determination  of  Nitric  Oxide  in  Coke-Oven  Gas 

J.  A.  SHAW,  The  Koppers  Construction  Company,  Pittsburgh,  Pa. 


ABOUT  six  or  seven  years  ago  the  problem  of  stoppages 
in  small  orifices  of  gas  distribution  systems  began  to  be¬ 
come  acute.  Investigation  soon  showed  that  minute  amounts 
of  organic  nitro  compounds  were  responsible  for  a  considerable 
portion  of  this  trouble.  The  original  general  theory  was  that 
nitric  oxide  (NO)  formed  in  the  combustion  gas  of  the  oven 
flues  and  perhaps  elsewhere  found  its  way  through  the  oven 
walls  into  the  gas,  slowly  oxidized  to  nitrogen  peroxide,  and 
combined  with  unsaturated  hydrocarbons  present  in  the  gas 
to  form  gummy  deposits  in  the  distribution  system. 

It  was  found  that  the  amounts  of  gum  involved  were  almost 
unbelievably  small,  and  that  therefore  no  simple  method  of 
determination,  such  as  filtering  and  weighing,  was  likely  to  be 
successful.  The  fact  that  a  distinctly  ultrasensitive  method 
was  needed  sharply  limited  procedure.  It  was  perhaps  for¬ 
tunate,  however,  that  derivatives  of  nitrous  acid  were  in¬ 
volved,  since  delicate  color  tests  for  this  substance  were  well 
known  and  are  among  the  most  sensitive  chemical  tests 
available  to  the  analyst.  Therefore,  the  analytical  attack 
was  made  against  the  nitro  group. 

Tropsch  and  Kassler  ( 5 )  suggested  introducing  the  gas  into 
a  large  flask  together  with  a  large  fraction  of  oxygen,  and 
adding  caustic  soda  solution  which  was  later  added  to  an 
acetic  acid  solution  of  an  amine,  such  as  Griess-Ilosvay  re¬ 
agent.  The  whole  was  shaken  for  20  minutes  and  the  color 
produced  in  the  solution  compared  with  standards.  This 
was  cumbersome  and  had  the  distinct  disadvantage  that  the 
largest  feasible  size  of  sample  was  so  small  that  the  method 
was  of  practical  value  in  only  a  few  cases  where  the  concen¬ 
trations  of  nitric  oxide  were  relatively  high. 

Shortly  after  this  Schuftan  (2)  published  a  dynamic  method 
in  which  the  gas  was  scrubbed  with  potassium  hydroxide  solu¬ 
tion,  dried  with  potassium  hydroxide  pellets,  mixed  with  one- 
half  its  volume  of  oxygen,  passed  through  a  delay  bottle  for 
an  interval  of  15  minutes,  and  then  scrubbed  with  a  solution 


of  m-phenylenediamine  (diaminobenzene)  in  dilute  acetic 
acid.  The  color  formed  was  a  measure  of  the  nitric  oxide 
present. 

This  was  a  distinct  improvement  over  the  other  methods. 
The  size  of  sample  was  substantially  unlimited  and  the  shak¬ 
ing  entirely  eliminated  by  this  procedure.  Since  only  a  frac¬ 
tion  of  the  nitric  oxide  present  was  recovered,  for  both  of  these 
methods  a  reference  curve  was  employed,  apparently  based 
upon  the  calculations  of  Bodenstein  or  upon  direct  calibration 
of  nitric  oxide-nitrogen  mixtures.  So  far  as  the  writer  is 
aware,  not  many  data  have  been  presented  for  nitric  oxide  re¬ 
covery  based  upon  small  known  additions  of  nitric  oxide  to 
nitric  oxide-free  coke-oven  gas. 

Fulweiler  ( 1 )  has  described  a  modification  of  the  Schuftan 
dynamic  method  which  involves  mixing  the  gas  with  an  equal 
volume  of  oxygen,  allowing  the  mixture  to  react  for  approxi¬ 
mately  1.5  minutes,  and  then  absorbing  the  nitrogen  tetroxide 
(N02)  formed  directly  in  Griess  reagent.  He  claims  that  there 
is  a  catalyst  present  in  manufactured  gas  that  accelerates  the 
conversion  of  nitric  oxide  into  nitrogen  tetroxide.  Later 
Fulweiler  extended  the  application  of  this  method  to  a  con¬ 
tinuous  recording  instrument  for  the  determination  of  nitric 
oxide  in  gas. 

Tests  by  the  writer  upon  nitric  oxide  in  nitrogen  showed  a 
very  fair  agreement  with  the  Schuftan  curve.  This  reference 
curve  shows  a  marked  variation  in  the  amount  of  recoverable 
nitric  oxide,  depending  upon  the  concentration  of  the  nitric 
oxide  originally  present  in  the  gas.  Where  there  is  a  nitric 
oxide  concentration  of  several  hundred  parts  per  million  the 
correction  factor  is  substantially  unity.  For  10  p.  p.  m.  it  is 
about  10,  for  1.0  p.  p.  m.  it  is  about  200,  etc. 

When  the  author’s  work  was  started  on  coke-oven  gas  it 
was  apparent  that  this  nitrogen  curve  did  not  apply.  As  an 
actual  matter  of  fact,  the  particular  method  subsequently 
standardized  by  the  writer  for  use  on  coke-oven  gas  shows  a 
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factor  of  very  approximately  2  for  all  concentrations  of  nitric 
oxide  tested. 

This  difference  made  a  fundamental  study  of  analytical 
methods  a  matter  of  first  importance.  A  survey  of  available 
fines  of  attack  seemed  to  indicate  that  the  most  profitable 
procedure  would  be  to  continue  along  the  lines  of  Schuf tan’s 
initial  effort. 

One  of  the  most  difficult  problems  connected  with  the  search 
was  the  preparation  of  a  synthetic  sample  of  known  nitric 
oxide  concentration.  This  involved  the  production  of  a 
nitric  oxide-free  gas.  Since  the  composition  of  the  gas  had  a 
marked  effect  upon  the  nitric  oxide  recovery  as  shown  by  the 
author’s  experience  with  nitrogen,  it  seemed  that  the  least 
possible  treatment  of  the  gas  to  remove  nitric  oxide  was  the 
best.  Chemical  treatment  in  particular  was  open  to  ques¬ 
tion,  especially  since  so  little  was  known  at  the  start  about  the 
chemical  properties  of  the  substances  involved. 

The  method  finally  adopted  for  producing  nitric  oxide-free 
gas  consisted  in  compressing  the  gas  containing  about  0.5  per 
cent  of  oxygen  to  2.1  kg.  per  sq.  cm.  (30  pounds  per  square 
inch)  gage  pressure  and  allowing  it  to  stand  several  hours, 
usually  overnight. 

A  cylindrical  pressure-tank  having  about  0.5  cu.  m.  (17 
cubic  feet)  displacement  was  set  up  outside  the  building,  and 
was  connected  to  the  gas  main  on  the  pressure  side  of  the 
plant  gas  booster.  Oxygen  was  added  in  the  form  of  air  be¬ 
fore  the  tank  was  opened  to  the  line  pressure.  After  collect¬ 
ing  the  sample,  the  inlet  valve  was  closed  and  the  pipe  con¬ 
necting  it  to  the  gas  main  was  vented  to  the  air  (as  shown  in 
Figure  1)  to  prevent  any  possible  contamination  of  the  sample 
with  untreated  gas.  A  Schuftan  test  of  7  hours’  duration  run 
upon  gas  treated  in  this  manner  gave  a  zero  blank.  It  was 
therefore  considered  that  this  part  of  the  problem  had  prob¬ 
ably  been  solved. 

The  next  step  involved  the  addition  of  small  known 
amounts  of  nitric  oxide  to  this  gas.  The  concentrations  in 
which  the  author  was  interested  were  seldom  greater  than  1 
p.  p.  m.  and  sometimes  one  one-hundredth  of  this.  Since 
the  author’s  apparatus  used  about  0.03  cu.  m.  (1  cubic  foot) 
of  gas  per  hour,  this  meant  a  distribution  into  the  gas  during 
a  period  of  1  hour  of  not  more  than  0.03  ml.  of  pure  nitric 
oxide  gas.  Owing  to  the  necessity  of  especially  preparing  a 
nitric  oxide-free  gas,  there  were  distinct  limitations  upon  the 
amount  of  gas  it  was  practical  to  waste.  On  the  other  hand 
the  nitric  oxide  could  not  be  diluted  with  nitrogen  with  im¬ 
punity  because  of  the  traces  of  oxygen  that  this  gas  usually 
contains  and  which  would  react  with  some  of  the  nitric  oxide. 
Therefore,  while  in  actual  operation  the  figure  of  0.03  ml.  of 
nitric  oxide  per  hour  was  increased  somewhat  by  dilution,  etc., 
the  additions  of  nitric  oxide-bearing  gas  to  the  main  gas 
stream  were  seldom  more  than  0.1  to  0.2  ml.  per  hour  and 


Figure  1.  Apparatus  for  Making  and  Analyzing  Syn¬ 
thetic  Samples  of  Nitric  Oxide  in  Coke-Oven  Gas 


sometimes  much  less.  A  flow  sheet  of  the  apparatus  used  in 
making  this  synthetic  sample  appears  in  Figure  1. 

The  gas  impounded  in  tank  A  at  2.1  kg.  per  sq.  cm.  (30 
pounds  per  square  inch)  gage  pressure,  as  previously  described, 
passes  through  the  service  governor,  B.  This  is  a  weight  type, 
“pounds-to-inches”  governor.  After  passing  the  point  of  nitric 
oxide  enrichment  in  the  manifold,  J,  the  gas  is  mixed  as  shown  in 
an  empty  19-mm.  (0.75-inch)  test  tube,  M.  Immediately  follow¬ 
ing  this  mixing,  an  aliquot  is  withdrawn  for  analysis.  It  was  origi¬ 
nally  hoped  that  the  gas  could  then  be  simply  passed  through  a 
seal,  measured,  and  wasted.  However,  this  nitric  oxide  metering 
apparatus  requires  constancy  of  flow  and  constancy  of  pressure 
of  a  fairly  high  order  throughout  the  period  of  the  test,  and  the 
nearer  the  pressure  is  to  that  of  the  atmosphere  the  better  the 
results  obtained.  A  change  of  2.5  mm.  (0.1  inch)  of  water  pres¬ 
sure  at  L  has  a  marked  effect  on  both  gas  rates.  With  the  pres¬ 
sure  at  A  varying  from  30  pounds  or  more  down  to  a  few  inches  of 
water,  the  gas  governor  could  not  quite  meet  the  requirements. 

The  combination  N,  P,  R  was,  therefore,  designed  and  in¬ 
stalled.  N  is  an  ordinary  0.1-cu.  foot  wet  test  meter.  The  large 
indicating  hand  and  meter  shaft  are  soldered  to  the  low-speed 
shaft  of  a  worm-type  reducing  gear  (200  to  1  ratio).  The  high¬ 
speed  shaft  of  the  reducer  is  directly  connected  to  the  shaft  of  a 
synchronous  motor  taken  from  a  Saja  pump,  such  as  is  used  with 
aquariums.  Since  these  meters  have  only  about  a  13-mm.  (0.5- 
inch)  water  seal,  the  water  in  the  meter  was  adjusted  to  a  point 
slightly  above  its  normal  level  to  provide  a  somewhat  greater 
margin  of  safety.  After  N,  the  gas  passes  through  a  water  seal,  S, 
and  is  wasted  through  a  0.1-cu.  foot  wet  test  meter  not  shown  in 
Figure  1.  The  water  level  in  S  can  be  adjusted  by  means  of  tube 
T  and  cock  16.  At  the  start  the  gas  is  turned  into  the  line  and 
the  water  level  in  S  adjusted  so  that  the  amount  of  gas  passing 
through  N  (with  motor  running)  as  shown  by  the  waste  gas  meter 
reading  is  approximately  equal  to  the  amount  that  would  nor¬ 
mally  pass  through  N  if  the  meter  were  traveling  at  this  speed 
under  normal  metering  conditions.  For  this  mechanical  setup 
the  speed  was  fixed  at  1.7  liters  (0.06  cu.  foot)  per  minute.  The 
net  effect  obtained  then  is  that  the  meter  N  at  the  start  is  running 
approximately  free  or  perhaps  actually  shghtly  impeding  the  gas 
flow;  but  as  the  pressure  dies  down  during  the  run,  the  meter 
tends  to  pick  up  the  load  shghtly.  At  intervals  during  the 
operation  the  waste  meter  is  timed  and  factors  calculated  for  N 
to  arrive  at  a  measure  of  the  correct  gas  flow.  These  factors  in¬ 
dicated  that  during  a  period  of  4  hours  the  hne  pressure  gradually 
dropped  5  to  8  mm.  (0.2  to  0.3  inch)  but  giving  a  drop  of  only  2 
or  3  per  cent  in  gas  flow. 

The  bottom  of  the  system  D,  G,  K  is  sealed  with  pure  dry  mer¬ 
cury.  D  is  a  glass  tube  5  cm.  (2  inches)  in  diameter  and  about 
2.1  meters  (7  feet)  long.  G  is  a  1-ml.  pipet  (Bureau  of  Standards 
certified)  having  a  graduated  scale  about  18  cm.  (7  inches)  long 
and  divided  into  100  parts.  It  is  therefore  possible  to  read  the 
scale  to  0.001  ml.  with  fair  accuracy  from  a  mechanical  stand¬ 
point.  The  capacity  of  the  tube  at  a  large  number  of  points  was 
determined  gravimetrically  and  compared  with  the  Bureau  of 
Standards’  dehvery  calibration.  The  accuracy  of  the  scale  was 
found  to  be  well  within  the  over-all  accuracy  of  the  work.  The 
buret,  G,  is  sealed  into  the  system  as  shown.  The  capacity  of 
the  unknown  gas  volume  at  the  top  enclosed  between  the  top  of 
the  scale  and  cocks  13  and  14  was  determined  for  use  in  calculat¬ 
ing  the  effect  of  temperature  and  pressure  changes  on  the  volume 
of  nitric  oxide  delivered  to  J.  F  is  a  water  jacket;  H  is  a  ther¬ 
mometer;  A  is  a  pressure-compensating  device;  L  is  a  water- 
filled  manometer.  The  top  of  G  above  cock  14  is  1-mm.  capillary 
tubing,  drawn  down  at  the  tip  to  a  microscopic  opening.  In 
this  instance  the  orifice  was  0.01  mm.  in  diameter  or  less  as  de¬ 
termined  by  microscopic  measurement.  This  provided  a  linear 
velocity  for  the  nitric  oxide  at  the  tip  sufficient  to  prevent  diffu¬ 
sion  of  the  coke-oven  gas  backward  into  G.  The  diffusion  rate  of 
this  gas  is  of  the  order  of  magnitude  of  about  15  cm.  per  minute 
under  these  general  conditions .  The  tip  of  G  extends  into  a  some¬ 
what  constricted  arm  of  a  T  leading  into  the  main  gas  line. 
Through  a  side  arm  a  small  amount  of  nitrogen  is  introduced  to 
carry  the  nitric  oxide  definitely  and  regularly  into  the  gas  stream. 

The  storage  tube,  E,  is  filled  with  pure  dry  nitric  oxide  pre¬ 
pared  in  a  manner  described  later,  whence  it  is  transferred  to 
flush  and  to  fill  G  as  desired.  During  all  tests,  cocks  9,  10,  11, 
and  13  and  the  contiguous  portions  of  the  2-ml.  capillary  tubes 
leading  from  them  are  filled  with  mercury,  thus  providing  a  posi¬ 
tive  gas  seal.  Care  was  always  taken  to  keep  a  slight  positive 
pressure  differential  on  the  nitric  oxide  at  all  times.  During 
operation  the  nitric  oxide  is  forced  from  G  into  J  by  allowing 
water  from  the  overflow  device,  C,  to  run  slowly  down  the  sides 
of  D  onto  the  surface  of  the  mercury.  In  this  manner  the  ap¬ 
paratus  could  be  run  continuously  for  a  period  of  7  hours  or  more. 
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Figure  2.  Absorber  with  Low  Rack  Pressure 


The  measurement  of  nitric  oxide  added  to  the  gas  is  accomplished 
by  reading  the  mercury  level  in  G  at  the  beginning  and  at  the  end 
of  any  test  together  with  the  line  pressure,  barometric  pressure, 
and  temperature.  The  difference  between  the  two  corrected  gas 
volumes  represents  the  volume  of  gas  (N.  T.  P.)  forced  from  G. 
In  connection  with  corrected  meter  readings  and  dilution  factors, 
if  any,  the  p.  p.  m.  of  nitric  oxide  in  the  gas  can  be  calculated  with 
considerable  accuracy.  The  metering  apparatus  was  run  under 
conditions  such  that  the  temperature  changes  rarely  amounted 
to  more  than  0.5°  C.  per  day.  The  probable  over-all  accuracy 
of  the  metering  apparatus  is  believed  to  be  about  2  per  cent. 

For  the  preparation  of  the  nitric  oxide  a  nitrometer  of  the  Du¬ 
Pont  type  was  used.  For  the  lower  range  of  concentrations  the 
nitric  oxide  was  diluted  with  nitrogen.  It  was  considered  unsafe 
to  use  dilutions  greater  than  1  to  10,  and  in  preparing  even  these 
dilutions  a  special  technic  was  employed.  A  solution  of  a  known 
amount  of  potassium  nitrate  was  prepared  and  analyzed  by  means 
of  the  nitrometer.  A  measured  amount  of  nitrogen  was  then  in¬ 
troduced  into  the  clean  nitrometer,  followed  by  a  measured 
amount  of  the  potassium  nitrate  solution  and  the  required 
amount  of  sulfuric  acid.  The  nitrometer  was  then  shaken  for 
2  minutes  and  allowed  to  stand  for  15  to  30  minutes  with  occa¬ 
sional  shaking.  The  gas  was  then  ready  to  transfer  to  tube  E  of 
the  metering  device  through  cock  9.  E  was  always  first  flushed 
with  nitrogen  and  then  two  or  three  times  with  the  nitric  oxide 
mixture  to  remove  traces  of  oxygen  before  the  final  filling. 

After  passing  through  the  mixing  tube,  M,  the  nitric  oxide- 
enriched  gas  is  ready  for  analysis  or  other  study.  Various 
analysts  working  separately  found  it  desirable  to  make 
changes  in  the  details  of  the  Schuftan  procedure  as  originally 
published.  The  bubbler  tube  scrubbers  were  not  satisfac¬ 
tory  from  an  efficiency  standpoint  and  more  efficient  scrub¬ 
bers  were  substituted.  Also  many  analysts  felt  that  the 
apparatus  should  be  protected  from  any  ammonia  that  might 
get  into  the  line  at  times  and  which  in  any  considerable  quan¬ 
tity  would  certainly  ruin  the  test.  All  these  changes  and 
additions  increased  the  back  pressure  on  the  apparatus  until 
the  average  Schuftan  apparatus  was  operating  under  0.10  to 
0.15  kg.  per  sq.  cm.  (1.5  to  2.0  pounds  per  square  inch)  pres¬ 
sure.  This  usually  required  a  pump  which  was  disadvanta¬ 
geous  from  several  viewpoints. 

For  these  reasons  the  writer  used  a  scrubbing  apparatus 
which  has  previously  been  described  by  him  (S).  It  is  de¬ 
signed  especially  for  removing  a  very  small  amount  of  sub¬ 


stance  from  a  large  amount  of  gas  with  a  small  amount  of  re¬ 
agent  and  with  a  very  low  operating  back  pressure  [usually 
less  than  13  mm.  (0.5  inch)  of  water].  A  sketch  of  this 
scrubbing  apparatus  is  shown  in  Figure  2. 

In  the  lower  right-hand  comer  of  Figure  1  is  shown  a  flow 
sheet  of  the  analytical  apparatus  as  finally  designed. 

Materials  Required 

For  the  operation  of  this  method  the  following  materials 
will  be  required: 

Apparatus 

2  Shaw  absorbers  (5),  rubber  stopper  type 
1  Shaw  absorber  (3),  glass  stopper  type 

1  aspirator  bottle,  2-liter  capacity,  with  straight  sides,  approxi¬ 
mately  11.5  cm.  (4.5  inches)  in  diameter  X  18  cm.  (7.25  inches) 
to  base  of  neck.  Kimball’s  “Exax” 

1  flowmeter,  capable  of  indicating  0.00198  cu.  meter  (0.07  cu. 
foot)  per  hr. 

1  wet  test  meter  (0.1-cu.  foot  type) 

1  set  Nessler  tubes,  tall  form,  50-ml.  capacity 
0.5  kg.  (1  pound)  solid  glass  balls,  5  mm.  (Eimer  and  Amend 
catalog  No.  17602) 

1  calcium  chloride  drying  tube  12.5  cm.  X  1.5  cm.  (5  X  0.61 
inches)  (Eimer  and  Amend  Catalog  No.  22532) 

1  glass  tee,  6  mm. 

3  tool  clamps,  adjustable  spring  type  (convenient  for  holding  ab¬ 
sorbers) 

1  small  gas  governor  (No.  28,  Fisher  Governor  Company,  Mar¬ 
shalltown,  Iowa,  optional) 

Necessary  supports  and  general  laboratory  apparatus 
Suggested:  1  iron  stand  12.5  X  20.0  X  50  cm.  (5  X  8  X  20 
inches)  (Eimer  and  Amend  catalog  No.  31882);  4  clamps,  22.5 
cm.  (9  inches)  (Eimer  and  Amend  catalog  No.  20206);  4  clamp 
holders  (Eimer  and  Amend  catalog  No.  20240). 

Chemicals 

Sulfuric  acid,  c.  p. 

Potassium  hydroxide,  c.  p.,  large  pellets 
•Sodium  nitrite  (Baker  and  Adamson  analyzed) 
wi-Phenylenediamine  (Eastman  technical)  (1,3-benzenediamine) 
Activated  charcoal,  Nuchar,  powdered 
Oxygen 

Acetic  acid,  glacial 
Acetone,  c.  p. 

Solutions 

Sulfuric  acid,  10  per  cent  by  volume  of  95  per  cent  acid  (approxi¬ 
mately) 

Potassium  hydroxide  30  per  cent  solution  (approximately) 

w-Phenylenediamine  Reagent  Solution.  Pour  hot  water 
on  5.0  grams  of  the  crystals.  Stir  to  dissolve,  add  25  ml.  of 
glacial  acetic  acid,  and  dilute  to  1  liter.  This  solution  will  keep 
more  or  less  indefinitely  in  a  stoppered  bottle.  Portions  must  be 
clarified  with  charcoal  before  use,  since  fight  and  air  slowly  cause 
a  darkening  of  the  solution.  To  clarify,  place  300  to  500  ml.  in  a 
1-liter  beaker,  add  about  one  heaping  teaspoonful  of  Nuchar, 
heat  to  above  60°  C.,  but  avoid  boiling.  Stir  to  wet  the  charcoal 
thoroughly,  and  filter  through  a  free-flowing  paper  substantially 
free  of  nitrite.  In  starting  the  filtration  fill  the  paper  cone  to  de¬ 
stroy  at  once  any  nitrite  residues  and  allow  a  generous  portion  of 
the  Nuchar  to  pass  into  the  filter.  The  first  filtrate  will  be  cloudy. 
When  it  has  started  to  run  clear,  return  the  cloudy  portion  to  the 
original  beaker  and  catch  the  filtrate  in  a  clean  glass-stoppered 
bottle.  Do  not  wash  filter.  The  solution  should  be  water- 
white.  Keep  away  from  strong  direct  fight.  It  is  suggested 
that  this  solution  be  clarified  daily,  although  the  analyst  can  use 
his  own  judgment  in  this  regard.  It  is  simply  a  matter  of  color 
interference  that  is  involved. 

Standard  Sodium  Nitrite  Solution.  Stock  solution, 
0.300  gram  of  sodium  nitrite  dissolved  in  exactly  1  liter  of  dis¬ 
tilled  nitric  oxide-free  water.  Standard  solution,  exactly  10.0 
ml.  of  the  stock  solution  diluted  to  1  liter  with  nitrite-free  dis¬ 
tilled  water.  This  is  one-tenth  the  strength  of  the  solution  rec¬ 
ommended  by  Schuftan  but  is  more  convenient  to  use.  Some 
analysts  add  a  drop  of  chloroform  to  this  solution  as  a  preserva¬ 
tive.  The  ultimate  standard  for  this  work  is  silver  nitrite 
(AgN02)  prepared  according  to  Treadwell  and  Hall  (4). 
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Mechanical  Arrangement  of  Apparatus 

The  general  idea  of  the  procedure  is  to  pass  a  known 
amount  of  gas  through  scrubbers  containing  acid  and  both 
liquid  and  solid  alkali,  to  mix  it  with  a  known  amount  of  oxy¬ 
gen  (5  per  cent  in  this  case)  and,  after  subjecting  it  to  a  time 
delay,  to  scrub  it  with  an  amine  and  read  the  color  formed. 

Accordingly,  on  a  suitable  support  in  series  arrangement  the 
two  rubber-stoppered  absorbers,  TJ  and  U'  (Figure  1),  are  set  up 
followed  by  the  calcium  chloride  tube,  V,  which  delivers  into  a 
glass  T,  one  end  of  which  is  fitted  into  the  top  of  the  2-liter  delay 
bottle,  W,  and  the  other  end  of  which  is  connected  to  the  oxygen 
supply.  Following  the  delay  bottle  the  glass-stoppered  absorber 
U"  is  placed.  This  in  turn  is  connected  to  deliver  to  the  0.1-cu. 
foot  wet  test  meter,  N'.  Oxygen  is  introduced  at  the  point 
above  mentioned  after  having  been  measured  by  flowmeter  Y . 
The  calcium  chloride  tube,  V,  is  in  an  inverted  position.  The 
large  end  at  the  bottom  is  closed  by  a  rubber  stopper  carrying  a 
glass  lead  tube  which  extends  about  25  mm.  (1  inch)  into  the 
calcium  chloride  tube  beyond  the  edge  of  the  rubber  stopper. 
The  end  of  the  lead  tube  is  shielded  by  a  glass  thimble.  This 
makes  a  simple  and  effective  potassium  hydroxide  drying  tube. 

During  operation  the  first  scrubber,  U,  contains  10  ml.  of  the 
dilute  sulfuric  acid  plus  2  or  3  ml.  of  the  m-phenylenediamine  re¬ 
agent.  Scrubber  U'  contains  15  ml.  of  the  potassium  hydroxide 
solution.  The  calcium  chloride  tube  contains  5  to  8  cm.  (2  to  3 
inches)  of  potassium  hydroxide  pellets.  Bottle  W  is  empty  and 
dry.  The  glass-stoppered  absorber,  U",  contains  10  ml.  of  the 
m-phenylenediamine  reagent  solution. 

This  apparatus  may  be  set  up  around  an  ordinary  labora¬ 
tory  iron  stand  with  iron  clamps,  in  which  case  it  is  readily 
portable  and  easily  cleaned,  or  it  may  be  mounted  on  a  board 
with  the  bottle  in  the  rear.  With  the  original  Schuftan  ar¬ 
rangement  a  large  bottle  filled  with  an  explosive  gas  mixture 
was  used  and  the  board  was  more  or  less  mandatory.  The 
present  bottle  is  much  smaller,  and  the  mixture  containing 
only  5  per  cent  of  oxygen  is  outside  the  explosive  range  for 
this  mixture  as  determined  by  the  United  States  Bureau  of 
Mines. 

Procedure 

Gas  is  turned  into  the  apparatus  at  such  a  rate  that,  when 
combined  with  5  per  cent  oxygen,  it  will  undergo  in  the  bottle 
an  average  delay  period  of  3  minutes.  This  represents  a  flow 
of  about  37.7  liters  (1.33  cu.  feet)  of  coke-oven  gas  per  hour  and 
2  liters  (0.07  cu.  foot)  of  oxygen  per  hour. 

Before  connecting  up  the  m-phenylenediamine  absorber, 
the  gas  mixture  is  allowed  to  flow  through  the  apparatus  at 
least  20  minutes  to  establish  equilibrium. 

The  absorber,  U",  is  then  placed  in  the  line,  the  meter  read, 
and  the  gas  rate  adjusted  if  necessary.  The  test  is  allowed  to 
run  until  a  conveniently  readable  color  has  developed  in  the 
reagent  solution  in  U" .  This  time  may  vary  from  a  few 
minutes  to  several  hours,  depending  upon  the  concentration 
of  nitric  oxide  in  the  gas.  The  absorber  is  then  removed  and 
the  meter  read.  The  gas  flow  through  the  apparatus  is  not 
interrupted  between  tests.  It  is  suggested  that  the  optimum 
depth  of  color  is  the  amount  developed  by  3  to  5  ml.  of  the  so¬ 
dium  nitrite  standard  solution  (0.003  gram  per  liter  of  sodium 
nitrite) . 

When  the  gas  scrubbing  has  been  completed,  the  absorber 
content  is  washed  into  a  Nessler  tube,  diluted  to  the  mark 
with  nitrite-free  water,  and  mixed.  It  is  then  compared  with 
a  standard  tube  in  the  following  manner: 

Choose  a  standard  tube  having  a  slightly  paler  color  than  the 
unknown  tube.  Into  a  roughly  calibrated  graduated  cylinder, 
remove  portions  of  the  unknown  solution  until  the  color  of  the 
unknown  matches  the  standard.  Note  the  number  of  milliliters 

50 

of  solution  in  the  unknown  tube.  Then  mL  in  unkn0Wn  tube  X 

ml.  of  sodium  nitrite  solution  in  standard  tube  =  ml.  of  standard 
solution  equivalent  to  the  color  developed  in  the  test. 


Both  the  amount  of  m-phenylenediamine  and  the  concentra¬ 
tion  of  acetic  acid  in  these  colored  solutions  are  capable  of  affect¬ 
ing  the  depth  of  color.  It  is  therefore  recommended  that  for  the 
final  comparisons  the  tubes  compared  shall  contain  the  same 
volume  and  depth  of  liquid  and  the  same  concentration  of  re¬ 
agents. 

The  standard  tube  mentioned  above  is  prepared  by  measuring 
into  it  with  a  Mohr  pipet  a  chosen  number  of  milliliters  of  the 
dilute  sodium  nitrite  solution  (0.003  gram  per  liter  of  sodium 
nitrite)  and  following  with  this  10  ml.  of  the  m-phenylenediamine 
reagent  solution.  The  tube  is  shaken  to  mix  and  let  stand  about 
20  minutes.  It  is  then  diluted  with  nitrite-free  distilled  water  to 
the  mark,  and  upon  mixing  it  is  ready  for  use.  The  tubes  con¬ 
taining  2,  3,  4,  and  5  ml.  of  standard  solution  are  usually  most 
convenient. 

From  the  above  data  the  concentration  of  nitric  oxide  in 
the  gas  can  be  calculated.  In  most  cases,  the  probable  error 
of  this  comparison  can  be  held  under  3  per  cent  without  great 
difficulty. 

Cal  culations 

Assume  the  following  test  data:  Volume  of  mixed  gas  reduced 
to  60°  F.  and  30  inches  of  mercury  =  0.444  cu.  foot.  Color  de¬ 
veloped  during  test  =  4.2  ml.  of  standard  solution. 

4.2  X  0.0388  .  ,  ..  .  ...  , 

Then - „  -  - -  =  0.37  p.  p.  m.  of  nitric  oxide  in  coke-oven 

0.444 

gas  (observed  value). 

Where  gas  volumes  are  corrected  to  0°  C.  and  760  mm.  of  mer¬ 
cury,  use  factor  0.0362  instead  of  0.0388. 

Discussion  of  Method 

Most  analytical  methods  are  empirical.  This  method  is 
markedly  so.  Any  change  in  apparatus  or  procedure  is  likely 
to  produce  a  change  in  results,  and  even  the  shape  of  the  bottle 
is  important.  The  indicator  is  ultrasensitive.  Ultrasensi¬ 
tive  technic  must,  therefore,  be  employed. 

This  method  is  designed  for  use  with  coke-oven  gas.  It  is 
believed  that  it  cannot  be  used  for  water  gas  analysis  without 
some  change. 

Griess  reagent  apparently  cannot  be  used  interchangeably 
with  m-phenylenediamine.  While  the  former  is  certainly 
more  delicate,  tests  by  various  analysts  in  the  author’s  or¬ 
ganization  indicate  that  it  is  less  active  at  normal  room  tem¬ 
peratures. 

The  m-phenylenediamine  reagent  should  be  shielded  from 
strong  light  which  causes  a  darkening  effect,  giving  falsely 
high  results.  It  may  be  handled  with  impunity  indoors  or 
out  of  direct  sunlight.  Out-of-doors,  it  is  recommended  that 
the  container  be  covered  with  a  cloth  or  otherwise  shielded. 
Any  damage  due  to  light  is  usually  evident  to  the  observant 
eye.  This  may  have  been  the  source  of  off-colors  frequently 
reported  in  the  early  days  of  this  work. 

Because  of  a  purging  lag  which  is  more  or  less  inherent  in 
this  type  of  setup,  the  apparatus  cannot  be  used  on  gas  of 
high  nitric  oxide  content  and  then  after  a  short  purge  be 
safely  used  on  gas  of  a  low  nitric  oxide  content.  The  appara¬ 
tus  must  first  be  cleaned.  This  consists  in  rinsing  out  and  re¬ 
placing  all  chemicals  and  in  rinsing  out  the  delay  bottle  with 
water  and  with  acetone,  and  in  blowing  with  air  or  other 
nitric  oxide-free  gas  to  remove  the  acetone  thoroughly. 
Small  amounts  of  acetone  seriously  interfere  with  color  forma¬ 
tion  in  the  m-phenylenediamine.  This  cleaning  process  re¬ 
quires  about  10  minutes.  It  is  recommended  that  this  clean¬ 
ing  be  done  daily. 

With  this  method  of  procedure,  the  observed  value  for 
nitric  oxide  was  found  to  be  almost  exactly  half  the  true 
value.  Fairly  authentic  tests  run  at  three  different  coke 
plants  indicated  that  this  factor  is  common  to  all  of  them. 

Flowmeters  have  been  used  by  some  workers  for  measuring 
the  gas  as  well  as  the  oxygen.  The  writer  has  observed  in¬ 
stances  where  the  flowmeter  orifice  has  caused  a  deposit  of 
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gum  from  the  gas.  A  flowmeter  is,  therefore,  not  recom¬ 
mended  for  this  purpose. 

The  small  gas  governor  with  spring-type  adjustment  af¬ 
fords  a  convenient,  though  not  entirely  necessary,  means  of 
keeping  a  constant  pressure  at  the  inlet  of  the  apparatus, 
thus  aiding  gas  flow  adjustment.  It  would,  of  course,  be 
open  to  the  same  objection  as  the  flowmeter.  It  is  possible 
that  both  might  be  placed  after  the  apparatus. 

The  foregoing  method  applies  only  to  gas  carrying  small 
amounts  of  ammonia  and  hydrogen  sulfide,  as  will  be  realized 
upon  considering  the  quantities  of  acid  and  alkali  employed. 
If  it  is  desired  to  use  the  method  on  unpurified  gas,  it  is  sug¬ 
gested  that  the  gas  be  first  passed  through  a  single  bubbling 
bottle  each  of  the  acid  and  alkali  solutions.  The  bulk  of  the 
solutions  should  be  no  greater  than  necessary  and  the  bottles 
should  be  as  nearly  full  as  convenient.  The  principal  purpose 
of  the  potassium  hydroxide  appears  to  be  the  removal  of  ac¬ 
tive  sulfur  compounds  and  the  control  of  humidity. 

Apparatus  of  this  type  determines  neither  suspended  gum 
particles  nor  nitrogen  peroxide.  It  is  obvious  that  either  of 
these  substances  existing  in  the  gas  sample  in  a  form  that  can 
be  absorbed  will  be  removed  before  the  gas  reaches  the  delay 
bottle.  Ordinarily,  though  not  always,  these  substances  are 
present  in  negligible  amounts  only. 

Some  of  the  nitric  oxide  in  the  gas  goes  through  the  appara¬ 
tus  untouched,  as  shown  by  the  fact  that  when  two  of  these 
analytical  setups  are  rim  in  series,  a  small  amount  of  color 
will  be  formed  in  the  second.  However,  this  seems  to  be  a 
fairly  constant  percentage  of  the  whole  and  is  taken  care  of 
by  the  factor  of  2  previously  mentioned.  This  factor  is  an 
over-all  correction  figure  derived  from  nitric  oxide  found 
divided  by  nitric  oxide  added. 

It  is  customary  to  report  observed  values  rather  than  ac¬ 
tual  values  for  nitric  oxide,  which  in  this  case  are  half  the  ac¬ 
tual.  It  is  therefore  important  to  indicate  whether  figures 
used  are  observed  or  actual. 

The  writer  prefers  to  report  the  nitric  oxide  in  parts  per 
million  (by  volume).  It  is  a  universally  understood  unit,  in 
plant  work  it  is  usually  a  simple  decimal  rather  than  a  mixed 
number,  and  it  has  the  advantage  of  being  a  scientifically 
correct  and  accepted  nomenclature. 

The  3-minute  contact  period  was  chosen  as  the  result  of  a 
series  of  experiments  which  showed  that  the  percentage  of 
nitric  oxide  recovered  increased  very  sharply  up  to  a  period  of 
about  2  or  2.5  minutes’  delay  time  and  then  gradually  dropped 
off.  A  3-minute  period,  therefore,  gave  a  point  of  approxi¬ 
mately  maximum  recovery,  and  at  the  same  time  allowed  for 
small  rate  variations  on  either  side  of  the  theoretical  without 
causing  large  errors  in  the  results  obtained.  Figure  3  shows 
the  result  of  this  series  of  tests. 

The  oxygen  required  in  the  delay  bottle  is  not  a  critical 
amount.  The  percentage  recovery  of  nitric  oxide  was  about 
the  same  with  a  concentration  of  0.5  per  cent  and  with  one  of 
50  per  cent. 


Figure  3.  Relation  of  Delay  Time  to  Observed  Nitric 

Oxide 


Table  I.  Effect  of  Temperature  upon  Nitric  Oxide 

Analysis 


Observed  NO, 

Expt. 

Per  Cent  of 

Actual  NO 

No. 

Actual 

in  Gas 

Temperature 

P.  p.  m. 

°  C. 

69  T1 

58 

0.11 

48 

T2 

55 

0.11 

48 

70  T1 

56 

0.11 

50 

71  T1 

52 

0.12 

25 

T2 

58 

0.13 

48 

72  T1 

53 

0.16 

23 

76  T1 

52 

1.12 

23 

77  T1 

60 

1.07 

44 

T2 

47 

1.08 

48 

T3 

53 

1.06 

50 

T4 

48 

1.10 

50 

T5 

52 

1.07 

49 

T6 

47 

1.08 

49 

Table  II. 

Accuracies  Attained 

Observed  NO, 

Expt. 

Added  NO 

Per  Cent  of 

No. 

(Actual) 

P.  p.  TO. 

Actual  Remarks 

R-367-30 

0.000 

0.000  No  color  during  7-hr.  run 

E-63 

0.057 

60 

E-64 

0.11 

52 

E-64 

0.12 

51 

E-71 

0.12 

52 

E-72 

0.16 

53 

E-94 

0.89 

55 

E-94 

0.91 

54 

E-94 

0.88 

56 

E-95 

0.90 

57  Per  cent  of  oxygen  =  5.0 

E-95 

0.94 

58  Per  cent  of  oxygen  =  9.2 

E-93 

0.93 

52 

E-93 

0.95 

52 

E-98 

1.02 

57 

E-S125 

E-S125 

1.51 

1.51 

|  Gas  from  plant  II 

E-96 

1.91 

53 

E-96 

1.89 

56 

E-96 

1.84 

53 

The  delay  bottle  should  be  dry  at  all  times.  The  gas  in  the 
bottle  should  be  substantially  below  its  saturation  point. 
Very  erratic  results  can  be  obtained  by  ignoring  this  point. 

A  sample  line  should  never  be  heated  during  the  time  the 
nitric  oxide  apparatus  is  on  the  line.  It  is  suggested  that  the 
sample  lines  be  oversize  and  as  short  as  possible  and  arranged 
so  that  they  may  be  blown  out  with  steam  and  cooled  and 
purged  before  the  nitric  oxide  apparatus  is  put  on  the  line. 
Very  high  results  can  be  obtained  by  heating  a  fouled  sample 
line. 

The  apparatus  should  be  used  in  a  room  having  a  reason¬ 
ably  even  temperature.  It  was  not  observed  by  the  writer 
that  ordinary  changes  in  temperature  had  any  very  drastic 
effect  on  the  results.  It  is,  however,  possible  to  produce  in¬ 
correctly  high  results  by  effecting  a  sharp  and  unusual  rise  in 
temperature,  especially  if  the  apparatus  is  unclean  or  has  been 
operating  for  a  long  period.  It  is  also  true  that  at  greatly 
reduced  temperatures  the  m-phenylenediamine  reagent  ap¬ 
pears  to  lose  some  of  its  activity.  It  is  therefore  recom¬ 
mended  that  when  working  below  18°  C.  (65°  F.)  low  tem¬ 
perature  be  compensated  for.  It  is  believed  that  this  condi¬ 
tion  will  be  encountered  so  seldom  that  it  is  unwise  to  burden 
the  regular  setup  with  a  thermostatically  controlled  container. 

A  great  deal  of  discussion  has  centered  around  the  desira¬ 
bility  of  putting  the  setup  under  thermostatically  controlled 
conditions.  To  do  this  properly  would  be  expensive  and 
would  result  in  a  cumbersome  setup.  The  writer  does  not 
believe  it  is  necessary.  With  a  clean  setup,  good  results  can 
be  obtained  at  advanced  temperatures  as  Table  I  will  indicate. 
During  this  test  series,  it  appeared  that  the  heated  appara¬ 
tus  tended  to  give  more  erratic  results  than  the  unheated.  In 
view  of  the  conditions  involved,  this  is  not  especially  surpris- 
ing. 

Table  II  gives  a  general  idea  of  the  accuracies  attained. 
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In  E-95,  the  per  cent  of  oxygen  was  nearly  doubled  without 
apparent  effect  upon  the  recovery  of  nitric  oxide. 

At  a  certain  large  coke  plant,  not  included  in  the  previous 
discussion,  the  gas  was  being  experimentally  treated  for  nitric 
oxide  removal  on  a  full  plant  scale.  It  was  known  that  the 
method  employed  gave  uniform  and  nearly  complete  removal 
of  nitric  oxide  under  optimum  conditions.  A  series  of  routine 
efficiency  tests,  run  daily  upon  this  treater  by  this  method  for 
a  period  of  about  one  week,  showed  removal  efficiencies  of  94, 
93,  97,  93,  96,  and  95  per  cent. 

Summary 

An  improved  method  for  determination  of  the  traces  of 
nitric  oxide  usually  found  in  coke-oven  gas  and  the  procedure 
used  to  check  this  analytical  method,  by  adding  extremely 
small  measured  amounts  of  nitric  oxide  to  nitric  oxide-free 
coke-oven  gas,  have  been  described. 


By  use  of  this  analytical  method  approximately  one-half 
of  the  nitric  oxide  actually  in  the  gas  is  recovered  and  de¬ 
termined  by  a  colorimetric  method.  Therefore,  a  factor  of  2 
is  applied  to  the  observed  value  to  give  the  actual  content  of 
nitric  oxide. 

The  effects  of  variables  such  as  delay  time,  added  oxygen, 
temperature,  etc.,  have  been  described. 
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Titration  of  Silver  with  Potassium  Iodide 

Ceric  Ammonium  Sulfate  and  Starch  as  Indicators 

ALBERT  BLOOM  AND  WALLACE  M.  McNABB 
The  John  Harrison  Laboratory  of  Chemistry,  University  of  Pennsylvania,  Philadelphia,  Pa. 


ACCORDING  to  Shapiro  U),  in  the  determination  of 
chlorides  by  the  Volhard  method,  excess  silver  may  be 
titrated  in  a  nitric  acid  solution  with  potassium  iodide.  The 
end  point  is  detected  in  the  presence  of  starch  when  the  nitric 
acid  oxidizes  the  iodide  to  iodine.  Schneider  ( 3 )  suggests  the 
use  of  palladium  nitrate  as  an  indicator,  noting  the  end  point 
by  the  formation  of  a  red-brown  precipitate  of  palladous 
iodide.  Fleury  and  Courtois  (I)  and  Josien  (2)  recommend 
the  use  of  starch-iodine-potassium  iodide  solution,  in  which 


Table  I.  Titration  of  Silver 

0.1  N  KI  with  Blank 

Acidity  0.1  N  KI  Correction 


N 


Cc. 


Cc. 


10  cc.  of  0.1  N  AgNCh  solution  in  a  volume  of  110  cc. 


0.2  10.14  10.04 
0.5  10.14  10.04 
1.0  10.16  10.06 
2.0  10.18  10.08 
3.0  10.16  10.06 


20  cc.  of  0.1  N  AgNOs  solution  in  a  volume  of  110  cc. 


1.0 

20.08 

19.98 

2.0 

20.11 

20.01 

3.0 

20.12 

20.02 

Table  II. 

Titration  of 

Silver  Nitrate 

(10  cc.  of  0.1  N ’AgNOs  solution  in  the  presence  of  cupric  and  ferric  ions. 
Volume  approximately  1 10  cc.,  acidity  approximately  0.5  N) 

0.1  N  CuS04-5H20  and  0.1  N  KI  with  Blank 


FeNH4(S04)2l2Hi0 

0.1  N  KI 

Correction 

Cc. 

Cc. 

Cc. 

CuSCh-SHjO 

10.00 

10 

10.10 

30 

10.13 

10.03 

50 

10.14 

10.04 

FeNH,(S04)rl2H,0 

10.05 

10 

10.15 

30 

10.12 

10.02 

50 

10.17 

10.07 

( 50  FeNH4(SC>4> 
\  50  CuS04-5Hj0 

12H20  10.12 

10.02 

the  silver  solution  must  be  added  to  the  starch-iodine- 
potassium  iodide  solution. 

The  method  described  by  the  authors  consists  of  the  titra¬ 
tion  of  silver  with  potassium  iodide  in  the  presence  of  ceric 
ions  and  starch.  Oxidation  of  the  iodide  ion  to  iodine  by  the 
ceric  ion  is  not  permanent  until  the  end  point  is  reached. 
During  the  course  of  the  titration  a  blue  color  appears,  but 
is  immediately  discharged  upon  stirring.  The  method  gave 
good  results  in  the  presence  of  ferric  and  cupric  ions. 

Analytical  Procedure 

Ten  or  20  cc.  of  a  0.1  N  silver  nitrate  solution  were  transferred 
to  a  200-cc.  beaker.  To  this  were  added  water  and  a  sufficient 
amount  of  sulfuric  acid  to  give  a  volume  of  approximately  110  cc. 
(concentration  of  acid  may  vary  from  0.2  N  to  3  N ),  and  then 
3  cc.  of  0.5  per  cent  starch  solution  and  0.1  cc.  of  an  approxi¬ 
mately  0.1  A  ceric  ammonium  sulfate  solution.  It  is  important 
to  add  the  sulfuric  acid  before  the  ceric  ammonium  sulfate.  The 
silver  was  titrated  with  0.1  N  potassium  iodide  solution.  The 
end  point  was  sharp  and  easily  detected  when  the  last  drop  of 
potassium  iodide  gave  a  permanent  blue-green  color  to  the 
solution.  Blank  titrations  were  made  under  the  same  conditions 
omitting  the  silver  nitrate.  The  blank  consumed  0.1  cc.  of  the 
potassium  iodide  solution  before  a  permanent  color  was  obtained. 

Summary 

A  method  is  described  for  the  titration  of  silver  with 
potassium  iodide,  using  ceric  ammonium  sulfate  and  starch 
as  internal  indicators.  The  acid  concentration  may  vary  in 
the  titration  from  0.2  N  to  3  N  without  appreciable  error. 
The  titration  can  be  made  in  the  presence  of  cupric  and  ferric 
ions. 
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Turbidity  in  Sugar  Products 

IV •  Preparation  of  Raw  Sugar  Solutions  for  Determination 

of  Color  and  Turbidity 


F.  .  ZERBAN  AND  LOUIS  SATTLER,  New  'iork  Sugar  Trade  Laboratory,  Inc.,  80  South  St.,  New  York,  N.  Y. 


IT  HAS  been  shown  previously  (o)  that  the  concentration 
of  the  turbidity  present  in  a  solution  of  a  raw  sugar  may 
be  measured,  on  the  basis  of  transmittancy  and  Tyndall  beam 
intensity,  in  terms  of  the  specific  absorptive  index  of  an 
equivalent  turbidity  caused  by  particles  of  standard  proper¬ 
ties,  and  that  the  deviation  in  the  properties  of  the  particles 
actually  present  from  those  of  the  standard  may  be  charac¬ 
terized  by  the  “quality  index”  and  by  the  dispersion  quotient. 

The  question  of  determining  the  concentration  of  coloring 
matter  or,  in  other  words,  of  correcting  the  specific  absorp¬ 
tive  index  of  filtered  solutions  for  the  residual  turbidity  pres¬ 
ent  was  left  open,  but  it  was  postulated  that  coloring  matter 
shall  be  defined  as  that  portion  of  the  dispersed  material 
which  gives  a  Tyndall  beam  of  zero  intensity  under  the  ex¬ 
perimental  conditions  used.  This  correction  for  residual 
turbidity  has  been  further  investigated,  and  an  attempt  has 
been  made  to  find  a  filtering  material  which  would  leave  in 
the  filtrate  only  the  total  coloring  matter,  as  defined  above. 
This  opened  up  again  the  much  discussed  problem  of  the  re¬ 
moval  of  turbidity  and  coloring  matter  by  filtering  agents, 
which  was  previously  studied  by  Peters  and  Phelps  (8), 
Brewster  and  Phelps  (£),  and  by  Balch  (1). 

Peters  and  Phelps  did  not  give  the  detailed  results  of  their 
investigation,  but  promised  a  later  publication  which  has  not 
yet  appeared.  In  the  original  article  they  reported  only  com¬ 
parisons  between  the  specific  absorptive  index  of  solutions  of 
about  52  to  53  Brix,  filtered  through  specially  prepared  asbestos, 
and  that  of  solutions  of  about  1  to  7  Brix,  mixed  with  kieselguhr 
and  filtered  through  paper.  They  found  that  the  latter  were 
always  very  turbid  when  examined  in  the  dark  room,  whereas 
the  highly  concentrated  asbestos  filtrates  showed  only  a  faint 
Tyndall  cone.  The  —log  t’s  of  the  kieselguhr  filtrates,  at  various 
wave  lengths  throughout  the  visible  spectrum,  were  irregularly 
higher  or  lower  than  the  corresponding  values  for  the  asbestos 
filtrates,  and  these  discrepancies  were  ascribed  to  selective  ad¬ 
sorption  by  the  kieselguhr,  to  the  presence  of  finely  divided 
kieselguhr  in  the  dilute  filtrates,  and  to  differences  in  the  colloid 
equilibrium  of  dilute  and  concentrated  solutions.  Peters  and 
Phelps  concluded  that  a  correct  measure  of  the  coloring  matter 
could  be  obtained  only  by  their  method  of  filtering  concentrated 
solutions  through  asbestos. 

Brewster  and  Phelps  rejected  purified  standard  Filter-Cel 
even  for  the  filtration  of  concentrated  solutions,  on  the  ground 
that  it  removes  actual  coloring  matter,  because  decolorization  is 
more  extensive  when  more  FilteF-Cel  is  used. 

Balch,  on  the  other  hand,  concluded  from  his  experiments 
that  Filter-Cel  does  not  adsorb  coloring  matter,  or  at  most  very 
little,  and  that  it  is  permissible  to  use  this  agent  for  colorimetric 
analysis,  or  for  preparing  solutions  to  be  used  as  standards  of 
comparison  for  turbidity  measurements. 

In  view  of  these  divergent  opinions,  the  entire  subject  of 
preparing  sugar  solutions  for  colorimetric  analysis  has  been 
reinvestigated.  The  factors  studied  were  concentration  of 
the  sugar  solution,  cell  thickness,  colloid  equilibrium,  and  the 
effect  of  various  filtering  agents  on  the  transmittancy  and 
Tyndall  beam  intensity  of  the  resulting  solutions. 

Concentration  of  Sugar  Solution 

The  necessity  of  using,  for  colorimetric  analysis,  as  high  a 
concentration  of  dry  substance  as  is  compatible  with  reason¬ 
ably  rapid  filtration  has  been  well  shown  by  Brewster  and 
Phelps,  who  advocate  solutions  of  at  least  60  Brix,  which  is 


somewhat  higher  than  the  minimum  figure  given  by  Peters 
and  Phelps.  The  proper  choice  of  concentration  is  important 
not  only  for  solutions  to  be  filtered,  but  also  in  preparing  raw 
sugar  solutions  for  turbidity  determinations.  A  65  Brix  solu¬ 
tion  of  a  raw  sugar,  when  strained  through  a  250-mesh  bronze 
screen  to  remove  coarse  suspended  matter,  gave  consistently 
higher  —log  t  values  at  three  selected  wave  lengths  in  the  blue, 
green,  and  red,  than  a  60  Brix  solution,  strained  the  same  way; 
the  dispersion  quotients  for  red  to  green  were  lower,  while 
those  for  blue  to  green  changed  irregularly.  The  Tyndall 
beam  intensity  and  its  dispersion  quotients  were  also  affected, 
changes  in  either  direction  being  observed.  This  makes  it 
necessary  to  standardize  conditions  for  both  color  and  tur¬ 
bidity  measurements,  and  a  concentration  of  60  Brix  has  been 
chosen  by  the  writers,  because  this  permits  a  fairly  rapid 
filtration  even  for  poorly  filtering  sugars.  It  is  also  advisable 
to  remove  coarse  suspended  matter  by  centrifuging  under 
standard  conditions  rather  than  by  straining  through  a 
screen,  because  the  coarse  suspended  matter  forms  a  filter 
bed  which  is  liable  to  retain  varying  quantities  of  the  more 
highly  dispersed  particles  whose  quantity  is  to  be  measured. 

Cell  Thickness 

If  turbidity  measurements  are  to  be  made  according  to 
Balch’s  or  the  writers’  method,  it  is  necessary  to  keep  not 
only  the  concentration  of  dry  substance  but  also  the  cell 
thickness  constant.  The  constants  in  the  formulas  given  in 
the  preceding  article  of  this  series  (5)  apply  only  to  the  cell 
thickness  used,  2.46  mm.  No  attempt  has  been  made  so  far 
to  derive  formulas  for  varying  thickness,  but  the  fact  has  been 
well  established  that  for  turbid  colored  solutions  there  is  no 
simple  relationship  between  depth  of  layer  and  —log  t  or 
Tyndall  beam  intensity.  When  only  filtered  solutions  are 
to  be  used  for  color  determination,  the  depth  of  layer  may  of 
course  be  varied  as  desired. 

Colloid  Equilibrium 

Possible  changes  in  the  colloid  system  in  the  solutions,  be¬ 
tween  the  time  of  preparation  and  the  time  of  measurement, 
must  be  given  proper  consideration.  The  writers  found  ir¬ 
regular  changes  in  the  —log  t  as  well  as  the  Tyndall  beam  in¬ 
tensity,  when  60  to  65  Brix  solutions  were  allowed  to  stand  in 
the  refrigerator  for  2  or  more  days.  The  changes  were  not 
very  pronounced,  but  it  has  been  found  advisable  to  make  the 
optical  measurements  as  soon  as  colloid  equilibrium  is  es¬ 
tablished,  which  is  about  2  hours  after  the  solutions  have  been 
prepared. 

Some  very  interesting  observations  have  been  made  re¬ 
garding  the  effect  which  a  change  in  water  or  sucrose  concen¬ 
tration  has  on  the  colloid  equilibrium.  If  an  aqueous  solu¬ 
tion  of  caramel  is  carefully  filtered  through  purified  Filter- 
Cel,  and  then  mixed  with  an  equal  volume  of  a  60  Brix  raw 
sugar  solution,  which  has  likewise  been  filtered  through  Filter- 
Cel,  the  —log  t  of  the  mixture  is  higher  than  when  the  un¬ 
filtered  solutions  of  caramel  and  raw  sugar  are  first  mixed 
and  then  filtered  with  Filter-Cel.  The  same  is  true  to  even  a 
greater  extent  when  pure  sucrose  or  water  is  substituted  for 
the  raw  sugar,  as  may  be  seen  from  Table  I. 
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The  dilution  with  water  produces  partial  flocculation  of  the 
caramel  particles,  and  the  larger  particles  are  removed  by 
subsequent  filtration.  It  is  difficult  to  understand,  however, 
why  mixing  the  caramel  solution  with  a  60  Brix  sucrose  solu¬ 
tion,  which  amounts  to  addition  of  a  protective  colloid, 
should  have  the  same  effect,  and  of  greater  magnitude,  as 
dilution  with  water.  The  probable  explanation  is  that  there 
is  an  interaction  between  the  sucrose  molecules  and  the  cara¬ 
mel  particles,  with  the  formation  of  larger  aggregates,  which 
are  then  removed  by  filtration  with  Filter-Cel.  If  this  ex¬ 
planation  is  correct,  then  it  further  follows  that  in  a  raw  sugar 
solution  similar  aggregates  between  the  sucrose  and  the  color¬ 
ing  matter  are  already  preformed,  and  less  sucrose  is  available 
to  combine  with  the  caramel.  This  would  explain  why  in  the 
case  of  the  raw  sugar  the  difference  in  the  —log  t’s  was  so 
much  smaller  than  in  that  of  sucrose  or  water.  The  same 
effects  were  noted  when  powdered  glass  (see  below)  was  used 
as  the  filter  medium,  instead  of  Filter-Cel.  After  a  mixture 
of  caramel  and  sugar  sirup  had  once  been  filtered  through 
Filter-Cel,  a  second  filtration  through  powdered  glass  had  no 
further  effect. 

Table  I.  Effect  of  Change  in  Water  or  Sucrose 
Concentration 

Solutions  Solutions 
Filtered  Mixed 

Separately,  and  Mixture 
Then  Mixed,  Filtered, 

—log  t  —log  i 

Caramel  plus  raw  sugar  solution  0.516  0.504 

Caramel  plus  sucrose  solution  0.371  0.258 

Caramel  plus  water  0.374  0.275 

In  experiments  similar  to  those  described  above,  the  aque¬ 
ous  caramel  solution  was  replaced  by  a  60  Brix  solution  of  a 
dark  raw  sugar.  When  this  solution  was  treated  with  a  60 
Brix  solution  of  another,  light  colored  sugar,  the  same  —log  t 
at  560  mju  was  obtained,  no  matter  whether  the  solutions 
were  first  filtered  separately  and  then  mixed,  or  first  mixed 
and  then  filtered. 

The  results  of  the  tests  with  caramel  solution  and  with  sugar 
sirups  confirm  the  conclusion  reached  by  Peters  and  Phelps 
that  dark  colored  sugar  products  like  molasses  must  not  be 
diluted  with  water  previous  to  color  determination,  but  with 
a  white  sugar  sirup. 

As  far  as  the  —log  t  is  concerned,  the  molasses  could  first 
be  filtered  separately,  if  that  were  physically  possible,  and 
then  mixed  with  the  filtered  white  sugar  sirup,  or  else  it  could 
first  be  mixed  with  the  white  sugar  sirup  and  the  mixture 
then  filtered,  as  is  actually  done  in  practice.  There  is,  how¬ 
ever,  a  slight  difference  in  the  colloid  equilibrium  of  the  mix¬ 
tures  prepared  by  the  two  methods,  as  is  evidenced  by  Tyn¬ 
dall  beam  measurements  in  the  following  experiment: 


Filtering  Materials 

In  the  new  investigation  on  filtering  materials  adapted  for 
colorimetric  and  turbidimetric  analysis  the  following  sub¬ 
stances  were  used:  asbestos,  Filter-Cel,  filter  paper,  Jena 
fritted-glass  funnels,  the  Seitz  filter,  ground  glass,  and  silica 
gel. 

The  asbestos,  XXX  grade,  was  purified  and  used  for  the  prepa¬ 
ration  of  the  samples  as  described  by  Peters  and  Phelps  (.3). 

The  Filter-Cel  was  the  analytical  filter  aid  marketed  by  the 
Johns-Manville  Corporation.  To  purify  it  further,  75  grams  were 
boiled  with  a  mixture  of  100  cc.  of  concentrated  hydrochloric 
acid  and  900  cc.  of  distilled  water,  then  filtered  hot  and  thoroughly 
washed  with  hot  water.  This  treatment  was  repeated  three 
times,  and  finally  the  material  was  dried  and  ignited  in  a  muffle 
furnace. 

Jena  fritted-glass  funnels  of  various  porosities  were  employed, 
mostly  as  a  backing  for  asbestos,  instead  of  Gooch  crucibles, 
but  the  No.  4  type  was  also  used  directly.  The  filter  paper  was 
S.  &  S.  No.  575. 

The  Seitz  filter  was  the  small  laboratory  model  pressure  outfit. 
The  disks  furnished  by  the  manufacturers  were  used,  and  the 
filtrations  were  carried  out  with  the  aid  of  compressed  nitrogen, 
at  pressures  up  to  5.62  kg.  per  sq.  cm.  (80  pounds  per  sq.  inch), 
depending  on  the  filterability  of  the  solution. 

The  Jena  ground  glass  was  the  grade  G  20,  No.  4,  having  an 
average  particle  diameter  of  5  to  10  m#t.  (The  writers  thank 
Murray  Yawitz  of  the  Fish-Schurman  Corporation  for  his 
generous  cooperation  in  supplying  the  ground  glass  and  in  in¬ 
vestigating  the  Jena  fritted-glass  funnels  adaptable  for  their 
work.) 

The  silica  gel,  kindly  furnished  by  the  Silica  Gel  Corporation, 
was  the  air-floated,  medicinal  type.  It  was  found  to  be  slightly 
acid,  and  was  therefore  boiled  out  twice  with  distilled  water, 
filtered  after  each  boiling,  washed,  dried,  and  ignited. 

The  Seitz  apparatus  was  found  to  be  an  efficient  ultra¬ 
filter.  It  easily  reduces  the  turbidity  in  raw  sugar  solutions 
to  that  found  in  distilled  water,  but  visibly  decolorizes  them. 
As  an  example,  the  figures  in  Table  III  are  given  for  —log  t 
and  Tyndall  beam  intensity,  R,  of  a  60  Brix  raw  sugar  solu¬ 
tion,  treated  as  specified. 


Table  III.  Efficiency  of  Seitz  Filter 


Centrifuged 

6  times  through  asbestos 
Same,  then  through  Seitz  filter 

7  times  through  Seitz  filter 


- - log  t - . 

529  mu  621ixiai 

529  m fj. 

R - - 

621  m/4 

2.814 

2.649 

1157 

4098 

2.424 

1.257 

354 

1376 

2.010 

0.908 

98 

297 

1.463 

0.656 

35 

90 

Since  the  Seitz  filter  evidently  removes  a  large  proportion  of 
the  coloring  matter,  and  since  it  requires  pressure  filtration, 
its  use  was  not  further  investigated. 

An  example  of  the  effect  of  some  of  the  other  filtering  mate¬ 
rials,  as  compared  to  asbestos,  is  shown  in  Table  IV . 


A  60  Brix  raw  sugar  solution  was  filtered  through  purified 
Filter-Cel,  and  then  mixed  with  an  equal  volume  of  60  Brix 
white  sugar  sirup  which  had  also  been  carefully  filtered  (mixture 
A).  Another,  unfiltered  portion  of  the  raw  sugar  sirup  was  first 
mixed  with  an  equal  volume  of  filtered  white  sugar  sirup,  and 
the  mixture  filtered  through  Filter-Cel  (mixture  B).  Tyndall 
beam  readings  were  then  taken  with  the  Pulfrich  photometer  in 
cells  of  the  same  thickness,  and  the  values  given  in  Table  II  were 
obtained,  in  per  cent  of  the  intensity  of  the  standard  block,  im¬ 
mediately  after  preparation,  and  again  after  equilibrium  was 
established. 

Table  II.  Effect  of  Methods  of  Preparation 


Immediately  after 

Preparation  At  Equilibrium 


Wave  Length 

A 

B 

A 

B 

529  mjn 

29.0 

42.0 

34.7 

18.9 

621  mft 

138.5 

265.6 

177.9 

87.0 

After  equilibrium  had  been  established,  method  B,  which 
is  the  one  usually  followed,  gave  a  solution  better  fitted  for 
colorimetric  analysis. 


Table  IV.  Effect  of  Filtering  Materials 


Asbestos 

Filter-Cel 

Jena  funnel  No.  4 

Ground  glass,  on  Jena  funnel  No.  4 

Filter  paper 


—  log  t. 

—  log  t, 

560  m/x 

620  n, 

1.187 

0.672 

1.062 

0.599 

1 . 322 

0.781 

1.122 

0.616 

1.378 

0.818 

Ground  glass  gave  a  lighter  filtrate  than  asbestos  filtration, 
but  was  not  as  efficient  as  Filter-Cel.  The  Jena  funnel  No.  4 
produced  a  much  darker  filtrate,  and  the  filter  paper  a  still 
darker  one.  In  other  experiments  it  was  found  that  ground 
glass  and  Filter-Cel  combined  give  practically  the  same  result 
as  Filter-Cel  alone.  When  ground  glass  was  used  in  connec¬ 
tion  with  the  Seitz  filter,  it  reduced  the  Tyndall  beam  inten¬ 
sity  to  about  one-half  that  obtained  with  the  Seitz  filter  alone, 
but  the  —log  t  was  not  measurably  affected.  None  of  these 
materials,  except  asbestos  and  Filter-Cel,  offered  sufficient  ad¬ 
vantages  to  warrant  further  study. 
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Comparative  Tests  of  Asbestos,  Filter-Cel, 
and  Silica  Gel 

Silica  gel,  however,  gave  such  encouraging  results  in  pre¬ 
liminary  trials  that  its  effects  were  more  thoroughly  investi¬ 
gated,  in  comparison  with  asbestos  and  Filter-Cel,  the  filter¬ 
ing  agents  already  widely  used. 

Mechanism  of  Removal  of  Turbidity.  The  first  prob¬ 
lem  taken  up  was  the  mechanism  of  the  removal  of  turbidity 
from  turbid  solutions,  in  order  to  ascertain  whether  this  re¬ 
moval  is  due  to  mechanical  filtration  or  to  adsorption,  and 
whether  there  is  a  distinct  demarcation  between  turbidity 
and  coloring  matter. 

Balch  had  previously  found,  contrary  to  Brewster  and 
Phelps,  that  when  a  raw  sugar  solution  was  clarified  with  Fil¬ 
ter-Cel,  the  same  —log  t  was  obtained,  no  matter  whether  1, 
2,  or  3  grams  of  the  filtering  agent  were  added. 

In  repeating  and  extending  the  experiments  of  these  previous 
investigators,  a  60  Brix  solution  of  a  raw  sugar  was  prepared, 
and  50-ml.  portions  were  filtered  with  from  1  to  5  grams  of  as¬ 
bestos,  Filter-Cel,  and  silica  gel.  The  asbestos  was  used  in  the 
form  of  a  pad  on  a  No.  2  Jena  fritted-glass  funnel,  and  was  al¬ 
lowed  to  pack  itself  under  the  pressure  of  a  water-jet  filter  pump 
The  Filter-Cel  and  the  silica  gel  were  mixed  with  the  solution 
to  be  filtered,  and  the  mixture  was  filtered  through  a  double  layer 
of  S.  &  S.  filter  paper,  No.  589,  blue  ribbon,  on  a  7-cm.  Buchner 
funnel.  The  results,  in  terms  of  —log  t,  at  wave  length  560, 
of  the  filtrates,  are  shown  in  Table  V. 

Table  V.  Effect  of  Quantity  of  Filter  Medium 


Filter  medium, 


grams 

1 

2 

3 

4 

5 

Asbestos 

2.032 

1.616 

1.711 

1.784 

1.711 

Filter-Cel 

1.592 

1.470 

1.476 

1.457 

1.461 

Silica  gel 

1  456 

1.435 

1.429 

1.436 

1.422 

One  gram  of  asbestos  allowed  a  large  portion  of  the  turbid 
material  to  pass  through.  The  figures  obtained  with  the 
larger  amounts  of  asbestos  are  very  irregular,  and  this  is  prob¬ 
ably  due  more  to  differences  in  the  packing  of  the  asbestos 
in  the  pads  than  to  any  other  cause,  as  will  be  shown  below. 
The  average  of  the  results  with  2  and  4  grams  agrees  closely 
with  the  figures  obtained  by  using  3  or  5  grams. 

In  earlier  unpublished  work  carried  out  by  Peters  and  one 
of  the  writers,  working  side  by  side,  portions  of  the  same  raw 
sugar  solution,  prefiltered  after  shaking  with  asbestos,  were 
passed  six  times  through  the  final  pads.  Each  worker  used 
his  own  asbestos,  Powminco  XX  and  XXX,  respectively, 
pre treated  as  described  by  Peters  and  Phelps.  It  was  at 
once  noticed  that  the  pad  prepared  by  Peters  gave  a  much 
more  rapid  filtration  than  the  other,  and  the  filtrate  was 
visibly  darker  in  transmitted  fight.  The  —log  t’s,  found  with 
the  spectrophotometer  from  readings  made  by  both  ob¬ 
servers,  are  given  in  Table  VI. 


Table  VI. 

Tests  with 

Asbestos 

Wave 

Peters 

Zerban 

Length, 

1.5  Grams  of  XXX  Asbestos 

2  Grams  of  XX 

Asbestos 

m/x 

—  log  t 

Q-ratio 

—  log  t 

Q-ratio 

480 

2.530 

1.99 

1.903 

2.15 

560 

1.272 

1.00 

0.885 

1.00 

660 

0.594 

0.47 

0.340 

0.38 

The  fact  that  XX  grade  asbestos  was  used  as  the  raw  mate¬ 
rial  for  the  pad  in  one  case,  and  XXX  grade  in  the  other,  may 
have  some  bearing  on  the  results,  but  it  should  be  noted  that 
Peters  and  Phelps  and  also  Brewster  and  Phelps  recommend 
either  grade  for  colorimetric  analysis.  The  principal  reason 
for  the  discrepancies  must  be  the  packing  of  the  asbestos, 
made  manifest  by  the  speed  of  filtration.  The  slow  pad 
evidently  had  a  sort  of  ultrafiltration  effect,  similar  to  that 
noticed  with  the  Seitz  filter.  The  Q-ratios  show  that  the 
particular  coloring  matter  taken  out  by  this  pad  was  different 


in  character  from  that  remaining  behind  in  the  filtrate.  The 
important  conclusion  to  be  drawn  from  these  experiments  is 
that  asbestos  removes  coloring  matter  selectively,  and  does 
not  differ  from  Filter-Cel  in  this  respect.  Workers  in  the 
same  or  different  laboratories  will  obtain  different  results  on 
the  same  sugar  if  their  asbestos  pads  are  of  different  permea¬ 
bility,  a  property  which  is  very  difficult  to  standardize. 

The  values  obtained  with  Filter-Cel,  Table  V,  are  more 
uniform  than  those  with  asbestos.  Again,  1  gram  removed 
less  dispersed  material  than  the  larger  quantities,  but  the 
maximum  difference  between  the  —log  t  figures  for  2  to  5 
grams  is  only  1.3  per  cent,  which  is  well  within  the  limits  of 
error.  All  the  results  are  decidedly  lower  than  the  corre¬ 
sponding  ones  for  asbestos  filtration. 

In  the  case  of  another  raw  sugar,  200  grams  of  60  Brix  solu¬ 
tion  were  filtered  with  6  grams  (5  per  cent  of  dry  substance) 
of  Filter-Cel,  and  the  —log  t  was  found  to  be  0.619.  When 
the  filtrate  was  again  treated  with  6  grams  of  Filter-Cel,  the 
—log  t  was  0.628,  the  same  within  the  limits  of  error.  While 
these  results  confirm  similar  observations  made  by  Balch, 
still  other  sugars  (50  ml.  of  60  Brix  solution)  were  found  to 
behave  differently,  as  may  be  seen  from  Table  VII. 


Table  VII. 

Tests  with  Filter-Cel 

Grams  of  Filter-Cel 

0.000 

Sugar  3 

0.125  0.375  0.750 

1.375 

2.500 

—  log  t  at  560  m#i 

0.471 

0.431  0.419  0.417 

0.391 

0.374 

Grams  of  Filter-Cel 

1 

Sugar  4 

2  3 

4 

5 

—  log  t  at  560  mil 

1.248 

1.225  1.204  1. 

180 

1.163 

In  both  cases  there  is  a  gradual  falling  off  in  the  —log  t  with 
increasing  quantities  of  Filter-Cel .  It  is  evident  that  for  these 
two  sugars  more  Filter-Cel  than  the  maximum  quantity 
tested  would  have  to  be  used,  in  order  to  reach  the  limiting 
effect.  This  was  also  recognized  by  Balch,  who  states  that 
the  quantity  of  Filter-Cel  to  be  used  depends  on  the  quantity 
and  character  of  the  suspended  material  present. 

The  same  observation  applies  also  to  silica  gel.  Sugar  1, 
Table  V,  has  the  same  —log  t,  within  a  maximum  error  of  1 
per  cent,  whether  2,  3,  4,  or  5  grams  of  the  filtering  agent  are 
used,  and  this  effect  was  almost  reached  even  with  1  gram. 
But  other  sugars  (50  ml.  of  60  Brix  solution)  gave  the  figures 
in  Table  VIII. 


Table  VIII. 

Grams  of  silica  gel 

—  log  f,  560  mp,  sugar  5 

—  log  (,  560  m ii,  sugar  6 


Tests  with  Silica  Gel 

i  3  5 

0.413  0.356 

1.064  0.983  0.982 


10 

0.357 


Sugar  5  required  5  grams  for  the  maximum  effect,  sugar  6 
only  3  grams.  With  sugar  1  (Table  V)  silica  gel  gave  a 
lighter  colored  filtrate  than  the  same  quantity  of  Filter-Cel, 
and  a  much  lighter  one  than  asbestos. 

The  selective  effect  of  the  three  filtering  materials  was  in¬ 
vestigated  with  four  other  raw  sugars,  by  making  transmit- 
tancy  readings  at  three  wave  lengths  with  the  Pulfrich  pho¬ 
tometer.  The  first  two  sugars  were  dark  in  color,  but  the 
solutions  were  not  very  turbid;  the  third  was  fight  in  color, 
with  medium  turbidity;  and  the  fourth  was  also  fight  colored 
but  highly  turbid.  The  asbestos  was  used  according  to  the 
Peters  and  Phelps  technic,  50  ml.  solution  of  60  Brix  being 
filtered  six  times  through  a  pad  of  3  grams  of  asbestos  in  a  No. 
2  Jena  fritted-glass  crucible.  Filter-Cel  and  silica  gel  were 
used  at  the  rate  of  3  grams  per  50  ml.  of  solution,  and  the 
mixtures  filtered  through  filter  paper,  S.  &  S.  No.  589,  blue 
ribbon. 

The  —log  t’s  at  the  three  wave  lengths,  and  the  E-ratios 
(dispersion  quotients)  based  on  wave  length  529  m/j.  are  shown 
in  Table  IX. 
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Table  IX.  Selective  Effect  of  Filtering  Materials 


Sugar 

Wave 

Length, 

Asbestos 

Filter-Cel 

Silica  Gel 

No. 

mu 

—  log  t 

ft-ratio 

—log  t 

fl-ratio 

—log  t 

ffi-ratio 

7 

449 

5.915 

2.01 

5.317 

2.00 

5.201 

2.02 

529 

2.949 

1.00 

2.655 

1.00 

2.574 

1.00 

621 

1.301 

0.44 

1.118 

0.42 

1.092 

0.42 

8 

449 

3.679 

1.77 

3.258 

1.89 

2.795 

1.91 

529 

2.079 

1.00 

1.722 

1.00 

1.467 

1.00 

621 

1.211 

0.58 

0.986 

0.57 

0.841 

0.57 

9 

449 

0.588 

2.09 

0.525 

2.20 

0.511 

2.30 

529 

0.281 

1.00 

0.239 

1.00 

0.222 

1.00 

621 

0.135 

0.48 

0.115 

0.48 

0.107 

0.48 

10 

449 

0.595 

1.60 

0.316 

1.77 

0.242 

1.80 

529 

0.372 

1.00 

0.179 

1.00 

0.135 

1.00 

621 

0.249 

0.67 

0.120 

0.67 

0.078 

0.58 

Asbestos  filtration  again  gave  the  highest  —log  t  values  at 
all  wave  lengths,  followed  by  Filter-Cel  and  then  by  silica 
gel.  The  differences  between  asbestos  on  the  one  hand  and 
Filter-Cel  or  silica  gel  on  the  other  are  most  pronounced  in 
sugar  10,  of  low  color  and  high  turbidity.  In  sugar  7,  the  R- 
ratios  are  about  the  same  for  the  three  filtering  agents,  and 
there  is  practically  no  selective  action,  but  in  the  other  three 
the  ratios  increase  at  the  blue  end,  from  asbestos  through 
Filter-Cel  to  silica  gel.  At  the  red  end  the  ratios  are  not  af¬ 
fected  to  any  great  extent,  except  in  sugar  10,  where  the  silica 
gel  gave  a  much  lower  ratio  than  either  asbestos  or  Filter-Cel. 

The  question  arose  whether  the  selective  action  of  the 
three  filtering  materials  is  due  to  adsorption  or  to  a  purely 
mechanical  filtration  effect.  It  is  well  known  that  when  sugar 
coloring  matter  is  removed  by  means  of  activated  carbons, 
the  mechanism  is  that  of  true  adsorption,  in  accordance  with 
Freundlich’s  equation: 

-  =  KC1/n 
m 

where  C  =  concentration  of  color  left  in  solution 

x  =  concentration  of  color  removed  by  adsorbent 
m  =  weight  of  adsorbent 

When  the  figures  in  Tables  Y,  VII,  and  VIII  are  analyzed 
from  this  standpoint  it  is  seen  that  the  removal  of  the  dis¬ 
persed  material  by  any  of  the  three  filtering  agents  is  entirely 
irregular.  Although  Tables  VII  and  VIII  indicate  a  pro¬ 
gressive  decrease  in  the  —log  t’s,  the  quantity  of  dispersed 
material  taken  out  per  unit  of  filtering  agent  bears  no  con¬ 
stant  relation  to  the  quantity  of  dispersed  material  left  in  the 
solution. 

While  these  observations  point  to  a  purely  mechanical 
effect  of  the  filtering  agents,  it  was  nevertheless  desirable  to 
substantiate  this  finding  by  a  more  direct  proof.  The  writers 
have  previously  shown  that  this  proof  may  be  furnished  by  a 
technic  originally  employed  by  Balch.  The  material  to  be 
tested  is  added  in  one  case  to  a  white  sugar  sirup,  and  in  the 
other  to  a  colored  sugar  sirup.  Then  the  turbid  white  sirup  is 
read  against  the  clear  white  sirup  in  a  spectrophotometer,  and 
the  turbid  colored  sirup  is  read  against  the  clear  colored  sirup. 
If  no  adsorption  occurs,  then  the  two  transmittancy  readings 
must  be  the  same.  Balch  showed  that  the  bentonite  used  by 
him  follows  this  rule.  In  similar  experiments  the  writers 
were  able  to  show  (4)  that  Filter-Cel  does  not  adsorb  coloring 
matter  from  caramel  solution,  but  that  a  sample  of  bentonite 
different  from  that  used  by  Balch  did  adsorb  coloring  matter. 
It  was  decided  to  repeat  these  experiments,  and  to  extend 
them  to  asbestos  and  silica  gel  as  filtering  agents. 

Five  grains  of  asbestos,  Filter-Cel,  and  silica  gel  were  each 
ground  in  a  mortar  with  50  ml.  of  a  60  Brix  white  sugar  sirup. 
The  suspension  was  poured  into  a  flask  and  allowed  to  settle  in  the 
refrigerator  for  4  days.  It  was  then  decanted  into  a  fresh  por¬ 
tion  of  white  sirup,  and  the  mixture  was  shaken  and  again 
placed  for  4  days  in  the  refrigerator.  The  suspension  thus  ob¬ 
tained  was  decanted  into  a  clean,  dry  flask,  and  was  gently 
shaken  immediately  before  being  used  in  the  experiments. 


It  was  necessary  to  employ  a  raw  sugar  to  furnish  the  col¬ 
ored  sirup,  because  results  with  caramel  or  any  other  coloring 
matter  could  not  be  accepted  as  proof  for  the  behavior  of 
sugar  coloring  matter.  The  turbidity  naturally  present  in 
the  sugar  had  to  be  removed  as  far  as  possible  by  prefiltration. 
Both  the  raw  sugar  and  the  white  sugar  sirup,  of  60  Brix 
concentration,  were  therefore  prefiltered  with  one  of  the  three 
filtering  agents  mentioned  above,  and  the  turbid  sirups  were 
prepared  with  either  of  the  others,  or  each  of  the  three. 

In  the  first  series  of  tests  Filter-Cel  was  used  for  the  prepa¬ 
ration  of  both  sirups,  by  the  same  procedure  as  previously 
described.  Two  equal  portions  of  the  filtered  raw  sugar 
sirup  and  two  of  the  filtered  white  sirup  were  measured  from 
a  microburet.  One  portion  each  of  colored  and  of  white 
sirup  was  then  made  up  to  a  definite  volume  with  asbestos 
suspension,  to  produce  the  turbid  sirups,  while  the  remaining 
two  were  diluted  to  the  same  volume  with  filtered  white  sirup, 
to  produce  the  clear  sirups,  one  colored,  the  other  white. 
The  turbid  colored  sirup  was  read  in  the  spectrophotometer, 
at  wave  lengths  529  and  621  mp,  against  the  clear  colored 
sirup,  and  the  turbid  white  sirup  against  the  clear  white 
sirup.  Exactly  the  same  experiments  were  made  with  silica 
gel  suspension  instead  of  asbestos  suspension. 

In  the  second  series  of  tests  the  prefiltration  was  carried 
out  with  silica  gel;  asbestos,  Filter-Cel,  and  silica  gel  were 
used  to  produce  the  turbidity  in  the  filtered  sirups.  In  the 
third  series  the  sirups  were  prefiltered  with  asbestos,  and  sus¬ 
pensions  of  Filter-Cel  or  silica  gel  were  added  to  the  filtered 
sirups.  The  results  of  the  transmittancy  measurements  are 
shown  in  Table  X. 

Table  X.  Transmittancies  of  Turbid  vs.  Clear 
Sirups 

Wave  Asbestos  Filter-Cel  Silica  Gel 

Length,  Colored  White  Colored  White  Colored  White 

mu  sirups  sirups  sirups  sirups  sirups  sirups 

A.  Filter-Cel  used  for  prefiltration 

529  40.4  40.5  ..  ..  42.8  43.2 

621  45.9  46.9  ..  ..  49.9  51.3 

B.  Silica  gel  used  for  prefiltration 

529  64.2  64.3  47.4  47.1  56.1  57.2 

621  69.9  70.9  55.7  55.8  65.2  65.5 

C.  Asbestos  used  for  prefiltration 

529  ..  27.1  26.5  ..  •  62.9  72.1 

621  ..  33.4  33.1  ..  68.6  77,0 

(Other  concn.) 

529  ..  ..  ..  ..  29.7  40.0 

621  ..  ..  ..  ..  37.3  48.0 

Very  thorough  prefiltration  with  asbestos 
529  ..  ..  ..  ..  41.4  45.4 

621  ..  ..  ..  ..  50.7  54.4 

When  either  asbestos  or  Filter-Cel  is  used  to  produce  tur¬ 
bidity,  the  transmittancies  are  the  same  within  the  limits  of 
error,  showing  that  neither  of  these  filtering  agents  adsorbs 
coloring  matter.  The  silica  gel  behaves  differently,  however. 
In  the  raw  sugar  sirup  prefiltered  with  asbestos,  the  silica 
gel  apparently  produces  adsorption,  but  in  those  prefiltered 
with  Filter-Cel  or  silica  gel  it  does  not,  or  only  to  a  very 
limited  extent.  The  effect  is  also  greatly  .reduced  by  thor¬ 
ough  prefiltration  with  asbestos.  These  facts  indicate  that 
silica  gel  adsorbs  only  particles  of  a  certain  size,  not  removed 
by  prefiltration,  but  has  no  effect  beyond  that  limit.  Filtra¬ 
tion  with  silica  gel  is  therefore  not  essentially  different  from 
filtration  with  asbestos  or  Filter-Cel,  but  is  more  effective 
than  either. 

Having  established  the  mechanism  of  the  removal  of  dis¬ 
persed  matter  by  the  three  filtering  agents,  all  three  were 
used  on  another  series  of  twelve  raw  sugars  of  varying  char¬ 
acteristics,  transmittancy  and  Tyndall  beam  measurements 
being  made  on  the  unfiltered  and  the  filtered  solutions  by  the 
procedure  described  in  the  preceding  paper  (5). 
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All  nitrations  were  made  by  suction  with  a  water-jet  pump. 
Large  filtering  tubes  were  used,  in  the  top  of  which  the  Buchner 
funnel  or  Gooch  crucible  was  inserted  by  means  of  a  rubber 
stopper.  The  filtering  tube  (Figure  1)  had  a  side  arm  near  the 
top  and  a  glass  stopcock  at  the  lower  end.  The  side  arm  of  the 
filter  tube  was  connected  by  means  of  a  Y-tube  with  the  side 
arm  of  the  filter  flask  and  then  with  the  suction  pump.  This 
arrangement  made  it  possible  to  discard  the  first  25  ml.  of  filtrate 
and  to  collect  the  very  clear  portion  of  the  filtrate  without  break¬ 
ing  the  vacuum,  which  would  disturb  the  filter  bed  already 
formed. 

The  method  described  by  Peters  and  Phelps  for  the  prepara¬ 
tion  of  the  asbestos  pads,  by  suction  only,  had  always  given 
rather  poor  filtrates  when  examined  in  the  dark  room.  For 
this  reason  the  asbestos  layer  in  the  present  series  of  experi¬ 


ments  was  first  moistened  with  the  sugar  solution  to  be 
filtered,  and  then  packed  down  tightly,  while  under  suction, 
by  means  of  a  flattened  glass  rod.  The  filtrates  thus  ob¬ 
tained  were  visibly  better  than  those  prepared  by  the  old 
method.  In  all  other  respects  the  standard  procedure  of  pre¬ 
liminary  shaking  with  asbestos  and  filtration,  followed  by  six 
successive  filtrations  through  the  optical  pad,  was  followed. 

In  the  case  of  Filter-Cel,  3  grams  of  this  material  were 
added  to  50  ml.  of  the  60  Brix  sugar  solution,  and  the  mixture 
was  thoroughly  shaken  and  filtered  by  suction  through  a 
double  layer  of  S.  &  S.  filter  paper  No.  589,  blue  ribbon,  in  a 
7-cm.  Buchner  funnel.  About  25  to  30  cc.  of  the  filtrate 
were  allowed  to  pass  through  before  a  sample  was  collected 


Table  XI.  Measurements  on  Raw  Sugars 


No. 

-  log  T  R 

N 

C 

—  log  Tu  —  log  Tf 
-log  Tf  C  - 

Nu 

■log  Tu-C 

11 

U 

1.199 

228.5 

A.  Blue  Filter 
0.750  0 . 449 

FA 

0.377 

10.6 

0.025 

0.352 

0.822 

1.071 

0.885 

FC 

0.372 

6.9 

0.016 

0.356 

0.827 

1.045 

0.890 

FS 

0.324 

5.4 

0.011 

0.313 

0.875 

1.035 

0.847 

12 

U 

0.566 

123 . 7 

0.252 

0.314 

FA 

0.316 

13.6 

0.026 

0.290 

0.250 

1.090 

0.<U3 

FC 

0.322 

8.6 

0.017 

0.305 

0.244 

1.056 

0.966 

FS 

0.261 

9.9 

0.016 

0.245 

0.305 

1.065 

0.785 

13 

U 

1 . 303 

188.6 

0.775 

0.528 

FA 

0.453 

9.9 

0.029 

0.424 

0.850 

1.068 

0.882 

FC 

0.429 

7.5 

0.022 

0.407 

0.874 

1.054 

0.865 

FS 

0.364 

5 . 4 

0.013 

0.351 

0.939 

1.037 

0.814 

14 

U 

1.007 

67.8 

0.388 

0.619 

FA 

0.597 

9.2 

0.042 

0.555 

0.410 

1.076 

0.860 

FC 

0.577 

7.7 

0.035 

0.542 

0.430 

1.065 

0.834 

FS 

0.517 

6.7 

0.024 

0.493 

0.490 

1.049 

0.755 

15 

U 

0.983 

89.8 

0.423 

0.560 

FA 

0.668 

9.4 

0.052 

0.616 

0.315 

1.084 

1.156 

FC 

0.617 

9.2 

0.045 

0.572 

0.366 

1.079 

1.032 

FS 

0.551 

4.5 

0.019 

0.532 

0.432 

1.036 

0.938 

16 

V 

1.118 

409.4 

0.811 

0.307 

FA 

0.216 

9.9 

0.014 

0.202 

0.902 

1.069 

0.885 

FC 

0.229 

13.5 

0.020 

0.209 

0.889 

1.096 

0.892 

FS 

0.182 

12.8 

0.014 

0.168 

0.936 

1.083 

0.854 

17 

U 

0.851 

94  2 

0.356 

0.495 

FA 

0.565 

7.8 

0 . 033 

0.532 

0.286 

1.062 

1.116 

FC 

0.525 

4.9 

0.019 

0.506 

0.326 

1.038 

1.035 

FS 

0.489 

4.3 

0.016 

0.473 

0.362 

1.034 

0.942 

18 

U 

1.067 

136.6 

0.510 

0.557 

FA 

0.512 

15.0 

0.051 

0.461 

0.555 

l.iii 

0.842 

FC 

0.459 

6.1 

0.019 

0.440 

0.608 

1.043 

0.813 

FS 

0.394 

6 . 5 

0.016 

0.378 

0.673 

1.042 

0.740 

19 

U 

1.606 

105.3 

0.871 

0.735 

FA 

0.682 

5.3 

0.034 

0.648 

0.924 

1.052 

0.909 

FC 

0.683 

8.2 

0.049 

0.634 

0.923 

1.077 

0.896 

FS 

0.590 

8.2 

0.038 

0.552 

1.016 

1.069 

0.826 

20 

U 

0.674 

118.6 

0.300 

0.374 

FA 

0.360 

21.0 

0.044 

0.316 

0.3U 

1.139 

0.838 

FC 

0.353 

8.3 

0.019 

0.334 

0.321 

1.057 

0.882 

FS 

0.318 

7.4 

0.015 

0.303 

0.356 

1.049 

0.809 

21 

V 

0.726 

142.7 

0.359 

0.367 

FA 

0.345 

13.5 

0.028 

0.317 

0.381 

1.088 

0.878 

FC 

0.318 

6.9 

0.014 

0.304 

0.408 

1.046 

0.853 

FS 

0.301 

7.2 

0.014 

0.287 

0.425 

1.049 

0.818 

22 

U 

0.512 

180.0 

0.282 

0.230 

FA 

0.225 

19.6 

0.028 

0.197 

0.287 

1.142 

0.898 

FC 

0.218 

8.0 

0.012 

0.206 

0.294 

1.058 

0.922 

FS 

0.184 

9.2 

0.012 

0.172 

0.328 

1.070 

0.829 

11 

V 

0.767 

1334.0 

B.  Green  Filter 
0.487  0 . 280 

FA 

0.170 

48.9 

0.013 

0.157 

0.597 

1.083 

0.798 

FC 

0.171 

30.3 

0.008 

0.163 

0.596 

1.049 

0.806 

FS 

0.146 

23.3 

0.006 

0.140 

0.621 

1.043 

0.777 

12 

U 

0.350 

486.6 

0.143 

0.207 

FA 

0.162 

47.5 

0.012 

0.150 

0.188 

1.080 

0.7i5 

FC 

0.180 

35.9 

0.010 

0.170 

0.170 

1.059 

0.794 

FS 

0.129 

38.0 

0.009 

0.120 

0.221 

1.075 

0.622 

13 

U 

0.885 

1061.0 

0.505 

0.380 

FA 

0.224 

53.1 

0.016 

0.208 

0.661 

1.077 

0 . 746 

FC 

0.211 

39.1 

0.012 

0.199 

0.674 

1.060 

0.736 

FS 

0.181 

24.6 

0.007 

0.174 

0.704 

1.040 

0.710 

14 

V 

0.611 

459.0 

0.225 

0.386 

FA 

0.269 

45.1 

0.016 

0.253 

0.342 

1.063 

0 . 630 

FC 

0.274 

45.3 

0.016 

0.258 

0.337 

1.062 

0.637 

FS 

0.239 

35.8 

0.011 

0.228 

0.372 

1.048 

0.587 

15 

U 

0.590 

569.9 

0.250 

0.340 

FA 

0.326 

50.7 

0.020 

0.306 

0.264 

1.065 

0.880 

FC 

0.302 

47.0 

0.017 

0.285 

0.288 

1.060 

0.817 

FS 

0.251 

28.1 

0.009 

0.242 

0.339 

1.037 

0.718 

16 

IJ 

0.765 

1600.0 

0.524 

0.241 

FA 

0.094 

24.0 

0.005 

0.089 

0.671 

1.056 

0.775 

FC 

0.092 

32.5 

0.007 

0.085 

0.673 

1.082 

0.771 

FS 

0.075 

29.9 

0.006 

0.069 

0.690 

1.087 

0.753 

17 

U 

0.507 

499.9 

0.198 

0.309 

.  •  • 

.  .  . 

... 

—  log  Tu 

-log  Tf 

Nu 

No. 

-log  T 

R 

N 

C 

-log  Tf 

C  - 

-log 

Tu-C 

FA 

0 

.275 

37 

.8 

0 

.013 

0 

.262 

0.232 

1.050 

0 

.808 

FC 

0 

.251 

22 

.2 

0 

.008 

0 

.243 

0.256 

1.033 

0 

.750 

FS 

0 

.226 

21 

.7 

0 

.006 

.  0 

.220 

0.281 

1.027 

0 

.690 

18 

U 

0 

.  665 

782 

.1 

0 

.335 

0 

.330 

FA 

0 

.249 

62 

.3 

0 

.020 

0 

.229 

0.4i6 

1.087 

0 

.768 

FC 

0 

.219 

29 

.8 

0 

.009 

0 

.210 

0.446 

1.043 

0 

.736 

FS 

0 

.  172 

29 

.9 

0 

.008 

0 

.164 

0.493 

1.049 

0 

.669 

19 

U 

1 

.001 

990 

.0 

0 

.576 

0 

.425 

FA 

0 

.305 

35 

.2 

0 

.013 

0 

.292 

0.696 

1.044 

0 

.811 

FC 

0 

.289 

25 

.6 

0 

.009 

0 

.280 

0.712 

1.032 

0 

.799 

FS 

0 

.271 

27 

.3 

0 

.009 

0 

.262 

0.730 

1.034 

0 

.779 

20 

U 

0 

.418 

544 

.2 

0 

.180 

0 

.238 

FA 

0 

.194 

80 

.0 

0 

.021 

0 

.173 

0.224 

1.121 

0 

.602 

FC 

0 

.187 

34 

.4 

0 

.009 

0 

.178 

0.231 

1.051 

0 

.612 

FS 

0 

.  164 

29 

.2 

0 

.008 

0 

.156 

0.254 

1.051 

0 

.570 

21 

U 

0 

.472 

651 

.9 

0 

.223 

0 

.249 

FA 

0 

.167 

53 

.0 

0 

.014 

0 

.153 

0.305 

1.092 

0 

.699 

FC 

0 

.153 

28 

.6 

0 

.007 

0 

.  146 

0.319 

1.048 

0 

.681 

FS 

0 

.136 

30 

.1 

0 

.007 

0 

.129 

0.336 

1.054 

0 

.650 

22 

U 

0 

.330 

642 

.8 

0 

.169 

0 

.161 

FA 

0 

.  106 

63 

.4 

0 

.014 

0 

.092 

0.224 

1.152 

0 

.710 

FC 

0 

.096 

29 

.  1 

0 

.006 

0 

.090 

0.234 

1.067 

0 

.704 

FS 

0 

.088 

32 

.5 

0 

.007 

0 

.081 

0.242 

1.086 

0 

.679 

c. 

Red 

Filter 

11 

U 

0 

.516 

6443 

.0 

0 

.372 

0 

.144 

FA 

0 

.070 

148 

.6 

0 

.007 

0 

.063 

0.446 

l.iii 

0 

.821 

FC 

0 

.074 

96 

.0 

0 

.005 

0. 

.069 

0.442 

1.072 

0 

.832 

FS 

0 

.063 

85 

.2 

0 

.004 

0. 

.059 

0.453 

1.068 

0 

.814 

12 

U 

0 

.222 

2182 

.0 

0 

.111 

0 

.  Ill 

FA 

0. 

.091 

191 

.1 

0 

.010 

0. 

.081 

0.131 

1.123 

0 

.793 

FC 

0 

.098 

127 

.7 

0 

.007 

0 

.091 

0.124 

1.077 

0 

.847 

FS 

0. 

.072 

149. 

.1 

0. 

.007 

0. 

065 

0.150 

1.108 

0. 

.707 

13 

U 

0 

.640 

5776 

.0 

0 

.412 

0 

.228 

FA 

0. 

115 

205. 

.3 

0 

.015 

0. 

100 

0.525 

1.150 

0 

.763 

FC 

0 

109 

153. 

.6 

0 

.008 

0. 

.101 

0.531 

1.079 

0 

.764 

FS 

0, 

.096 

95. 

.2 

0. 

.005 

0. 

.091 

0.544 

1.055 

0 

.752 

14 

U 

0 

.368 

2863 

.0 

0 

.185 

0 

.183 

FA 

0. 

119 

185. 

1 

0. 

010 

0. 

109 

0.249 

1.092 

0, 

.714 

FC 

0. 

123 

183. 

0 

0. 

.010 

0. 

113 

0.245 

1.088 

0. 

.728 

FS 

0. 

108 

145. 

2 

0. 

007 

0. 

101 

0.260 

1.069 

0. 

693 

15 

U 

0 

.360 

3154 

.0 

0 

.194 

0 

.166 

FA 

0. 

159 

216. 

3 

0. 

012 

0. 

147 

0.201 

1.082 

0. 

,9ii 

FC 

0. 

139 

195. 

2 

0. 

011 

0. 

128 

0.221 

1.086 

0. 

.863 

FS 

0. 

107 

105. 

0 

0. 

006 

0. 

101 

0.253 

1.059 

0. 

.745 

16 

V 

0. 

542 

6969. 

.0 

0. 

.402 

0. 

.140 

FA 

0. 

039 

98. 

9 

0. 

004 

0. 

035 

0.503 

1.114 

0. 

793 

FC 

0, 

025 

124. 

7 

0. 

005 

0. 

020 

0.517 

1.250 

0. 

769 

FS 

0. 

025 

114. 

0 

0. 

005 

0. 

020 

0.517 

1.250 

0. 

770 

17 

U 

0. 

288 

2782. 

0 

0. 

152 

0. 

136 

FA 

0. 

120 

166. 

3 

0. 

009 

0. 

111 

0.168 

1.081 

0. 

859 

FC 

0. 

101 

92. 

2 

0. 

005 

0. 

096 

0.187 

1.052 

0. 

796 

FS 

0. 

101 

88. 

1 

0. 

005 

0. 

096 

0.187 

1.052 

0. 

796 

18 

U 

0. 

433 

4233. 

0 

0. 

255 

0. 

178 

FA 

0. 

120 

247. 

4 

0. 

013 

0. 

107 

0.313 

1.121 

0. 

782 

FC 

0. 

091 

110. 

1 

0. 

006 

0. 

085 

0.342 

1.071 

0. 

733 

FS 

0. 

063 

105. 

6 

0. 

005 

0. 

058 

0.370 

1.086 

0. 

680 

19 

U 

0. 

641 

6067. 

0 

0. 

421 

0. 

220 

FA 

0. 

123 

125. 

0 

0. 

007 

0. 

116 

0.518 

1.060 

0. 

802 

FC 

0. 

127 

90. 

1 

0. 

005 

0. 

122 

0.514 

1.041 

0. 

811 

FS 

0. 

118 

91. 

5 

0. 

005 

0. 

113 

0.523 

1.044 

0. 

799 

20 

V 

0. 

279 

2386. 

0 

0. 

137 

0. 

142 

753 

FA 

0. 

113 

321. 

6 

0. 

016 

0. 

097 

0.166 

1 . 165 

0. 

FC 

0. 

118 

107. 

2 

0. 

006 

0. 

112 

0.161 

1.054 

0. 

820 

FS 

0. 

102 

93. 

3 

0. 

005 

0. 

097 

0.177 

1.052 

0. 

753 

21 

U 

0. 

306 

3061. 

0 

0. 

171 

0. 

135 

737 

FA 

0. 

082 

165. 

4 

0. 

008 

0. 

074 

0.224 

1.108 

0. 

FC 

0. 

077 

90. 

7 

0. 

004 

0. 

073 

0.229 

1.055 

0. 

734 

FS 

0. 

058 

97. 

6 

0. 

004 

0. 

054 

0.248 

1.074 

0. 

679 

22 

U 

0. 

232 

2745. 

0 

0. 

147 

0. 

085 

8i2 

FA 

0. 

061 

217. 

8 

0. 

010 

0. 

051 

0.171 

1.196 

0. 

FC 

0. 

051 

87. 

1 

0. 

004 

0. 

047 

0.181 

1.085 

0. 

795 

FS 

0. 

041 

110. 

1 

0. 

005 

0. 

036 

0.191 

1.139 

0. 

754 
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in  a  dry,  clean  flask.  The  same 
procedure  was  used  with  silica  gel. 

The  results  obtained  with  the 
twelve  sugars  are  shown  in  Table 
XI  (compare  with  Table  III,  5). 
U  or  u  stands,  as  previously,  for 
unfiltered,  F  or  /  for  filtered;  A 
denotes  asbestos,  C  Filter-Cel,  and  S 
silica  gel. 

Table  XII  gives  the  E-ratios  for 
—log  T  of  the  unfiltered  and  filtered 
solutions,  and  the  dispersion  quo¬ 
tients  for  Nu,  the  total  turbidity  in 
the  unfiltered  solutions,  all  based  on 
those  for  the  green  filter. 

A  glance  at  Table  XI  shows  that 
Filter-Cel  filtration  often  gives  lower 
but  in  many  cases  higher  results  for 
—  log  T  and  C  than  does  asbestos, 
while  the  silica  gel  filtrates  always 
result  in  considerably  lower  values. 
The  turbidity  (N)  figures  for  the  filtrates  obtained  with  all 
three  filtering  agents  are  low,  especially  in  the  case  of  Filter- 
Cel  and  silica  gel,  where  they  are  usually  of  the  same  order  of 
magnitude  as  in  a  white  sugar  sirup  which  has  been  filtered 
1  first  with  activated  carbon,  and  then  through  an  ultrafilter. 


Figure  1.  Filter¬ 
ing  Tube 


Table  XII.  E-Ratios,  and  Dispersion  Quotients,  Based 
on  Green  Filter 


Dispersion 

ff-Ratio  for  -log  T - — - -  Quotients  for 


Asbestos 

Filter-Cel 

Silica  gel 

Nu 

Unfiltered 

filtrate 

filtrate 

filtrate 

Unfiltered 

No. 

Blue 

Red 

Blue 

Red 

Blue 

Red 

Blue 

Red 

Blue 

Red 

11 

1.56 

0.67 

2.22 

0.41 

2.17 

0.43 

2.22 

0.43 

1.54 

0.76 

12 

1.62 

0.64 

1.95 

0.56 

1.79 

0.54 

2.03 

0.56 

1.76 

0.78 

13 

1.47 

0.72 

2.02 

0.52 

2.03 

0.51 

2.01 

0.53 

1.53 

0.82 

14 

1.65 

0.60 

2.22 

0.44 

2.11 

0.45 

2.16 

0.45 

1.72 

0.82 

15 

1.66 

0.61 

2.05 

0.49 

2.05 

0.46 

2.20 

0.43 

1.69 

0.78 

16 

1.46 

0.71 

2.30 

0.42 

2.49 

0.27 

2.43 

0.33 

1.55 

0.77 

17 

1.68 

0.57 

2.05 

0.44 

2.05 

0.40 

2.16 

0.45 

1.80 

0.77 

18 

1.60 

0.65 

2.06 

0.48 

2.10 

0.41 

2.29 

0.37 

1.52 

0.76 

19 

1.60 

0.64 

2.24 

0.40 

2.36 

0.44 

2.18 

0.44 

1.51 

0.73 

20 

1.43 

0.59 

1.86 

0.58 

1.88 

0.63 

1.94 

0.62 

1.67 

0.76 

21 

1.54 

0.65 

2.07 

0  49 

2.09 

0.50 

2.22 

0.43 

1.61 

0.77 

22 

1.55 

0.70 

2.12 

0.57 

2.26 

0.53 

2.10 

0.47 

1.67 

0.87 

The  differences  between  the  Filter-Cel  and  silica  gel  fil¬ 
trates,  as  compared  to  the' asbestos  filtrate,  are  summarized 
in  Table  XIII,  for  both  -log  T  and  C. 


Table  XIII.  Comparison  of  Filter-Cel  and  Silica  Gel 

Filtrates 


log  T - •  - 

Average 

- u- 

Average 

Range 

deviation 

Range 

deviation 

% 

% 

% 

% 

Filter-Cel  vs. 
asbestos 

Blue  screen 

+  6.0  to 

-10.4 

-  3.33 

+  5.7  to 

-  7.1 

-  0.76 

Green  screen 

+  11.1  to 

-12.0 

-  4.09 

+  13.3  to 

-  8.3 

-  1.69 

Red  screen 

+  7.7  to 

-35.9 

-  7.64 

+  15.5  to 

-42.9 

-  4.33 

Silica  gel  vs. 
asbestos 

Blue  screen 

—  11.7  to 

-23.0 

-15.87 

-  4. 1  to 

-18.0 

-12.93 

Green  screen 

-11.2  to 

-30.9 

-18.27 

—  9 . 8  to 

-28.4 

-16.05 

Red  screen 

—  4 . 1  to 

-47.5 

-22.03 

-  2 . 6  to 

-45.8 

-19.57 

The  range  in  the  differences  is  rather  wide  for  both  Filter- 
Cel  and  silica  gel,  owing  to  selective  effects,  but  the  average 
differences  between  Filter-Cel  and  asbestos  are  rather  small, 
and  in  the  case  of  C  within  the  limits  of  error  of  spectrophoto- 
metric  analysis,  certainly  at  least  in  the  blue  and  green. 
Since  it  has  been  shown  that  asbestos  also  acts  selectively, 
Filter-Cel  may  as  well  be  used  instead,  even  by  those  who  be¬ 
lieve  that  asbestos  filtration  is  the  correct  procedure.  If  the 
asbestos  pad  is  packed  still  more  tightly  than  in  these  ex¬ 
periments,  the  results  may  well  fall  below  those  for  Filter-Cel. 
Silica  gel  gives  in  all  cases  lower  values  than  asbestos,  and  the 
averages  are  from  13  to  22  per  cent  lower. 


The  selective  effect  of  the  three  filtering  agents  is  best 
shown  by  the  E-ratios  in  Table  XII.  The  ratios  vary  ir¬ 
regularly  from  one  sugar  to  another  and  show  no  definite 
trend,  proving  that  the  effect  of  the  filtration  depends  not 
only  on  the  filtering  agent  but  also  on  the  turbidity  and  color¬ 
ing  matter  present  in  the  sugar  itself. 

Further  examination  of  the  results  in  Table  XI  leads  to 
some  very  important  conclusions  regarding  the  mechanism  of 
filtration  with  all  the  three  agents  compared.  If  we  calculate 
the  ratio  between  —log  Tf  (total  dispersed  material  in  the 
filtrate),  and  C  (dispersed  material  corrected  for  that  portion 
which  causes  a  Tyndall  effect),  the  figures  shown  in  Table  XIV 
are  found. 

Table  XIV.  Ratios  between  —Log  Tf  and  C 


Range 

Average 

Asbestos 

Blue 

1.05  to  1.14 

1.09 

Green 

1.04  to  1.15 

1.08 

Red 

1.06  to  1.20 

1.12 

Filter-Cel 

Blue 

1.04  to  1.10 

1.06 

Green 

1 . 03  to  1 . 08 

1.05 

Red 

1.04  to  1.25 

1.08 

Silica  gel 

Blue 

1 . 03  to  1 . 08 

1.05 

Green 

1.03  to  1.09 

1.05 

Red 

1.04  to  1.25 

1.09 

In  spite  of  the  fact  that  silica  gel  gives  much  lower  values 
for  —log  T  and  C  than  either  Filter-Cel  or  asbestos,  the  aver¬ 
age  ratios  are  very  much  alike  for  all  three,  and  even  the  total 
range,  showing  the  extent  of  selective  action,  is  not  very  wide 
in  each  case.  This  shows  that  even  though  one  filtering  agent 
may  remove  much  more  total  dispersed  material  than  another, 
the  ratio  between  turbidity  and  coloring  matter  remaining 
in  the  filtrates  is  on  the  average  about  the  same.  This  phe¬ 
nomenon  has  been  predicted  by  Balch:  “It  is  very  doubtful 
whether  it  is  actually  possible  to  remove  all  the  material 
causing  turbidity,  if  judged  by  the  Tyndall  beam,  without 
changing  the  color  of  the  solution."  As  the  reason  for  this 
he  gave  the  fact  that  the  particles  causing  turbidity  are  them¬ 
selves  colored,  and  transmit  as  well  as  reflect  light  selectively. 

The  results  obtained  by  the  writers  suggest  another,  more 
important  reason.  It  is  well  known  that  the  intensity  of  the 
Tyndall  cone  decreases  with  the  difference  between  the  re¬ 
fractive  indices  of  the  dispersed  phase  and  the  dispersion  me¬ 
dium,  and  that  the  coloring  matter  in  sugar  products  con¬ 
sists  partly  of  condensation  products  of  sugars — that  is,  sub¬ 
stances  of  the  caramel  type,  the  refractive  index  of  which  is 
about  the  same  as  that  of  sucrose.  These  coloring  matters, 
of  the  emulsoid  or  hydrophylic  type,  may  therefore  be  ex¬ 
pected  to  produce  only  a  faint  or  no  Tyndall  cone,  although 
consisting  of  particles  of  the  same  size  as  the  suspensoids 
which  give  a  distinct  Tyndall  cone  under  the  same  experi¬ 
mental  conditions.  But  being  of  the  same  size,  both  are 
filtered  out  simultaneously.  It  may  therefore  be  expected 
that,  even  though  there  be  no  adsorption,  each  filtering  agent, 
whether  it  be  asbestos,  Filter-Cel,  or  silica  gel,  will  reduce 
both  turbidity  and  coloring  matter  to  a  definite  maximum 
particle  size.  Silica  gel  appears  to  be  much  more  effective  in 
this  respect  than  either  asbestos  or  Filter-Cel,  as  used  by  the 
writers.  There  is  still  another  possibility.  The  filtering 
agents  may,  because  of  electrical  charges,  or  for  other  reasons, 
act  as  sensitizers  and  promote  the  flocculation  of  emulsoids 
in  the  presence  of  suspensoids.  Silica  gel  was  highly  electri¬ 
fied  when  it  was  rubbed  in  a  mortar. 

Whatever  the  correct  explanation  may  be,  it  is  evident  that 
filtration  with  asbestos,  Filter-Cel,  or  silica  gel  does  not  re¬ 
move  turbidity,  as  judged  by  the  Tyndall  effect,  without  re¬ 
moving  coloring  matter  at  the  same  time.  The  separation  of 
turbidity  and  coloring  matter  on  the  basis  of  a  Tyndall  beam 
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of  zero  intensity,  postulated  by  the  writers,  is  thus  found  to  be 
unattainable  by  filtration  methods.  In  practice,  the  choice 
between  the  three  filtering  media,  when  used  for  the  purpose 
of  color  determination,  becomes  therefore  merely  a  matter  of 
arbitrary  agreement,  which  can  best  be  reached  by  interna¬ 
tional  action.  From  the  practical  standpoint,  asbestos  is  the 
least  desirable  of  the  three  filtering  agents,  because  its  effect 
depends  so  largely  on  its  method  of  preparation  and  the  per¬ 
meability  of  the  pad,  which  is  very  difficult  to  standardize. 
Filter-Cel  and  silica  gel  are  much  more  promising  in  this  re¬ 
spect  because  standardized  grades  of  both  are  commercially 
available  and  can  be  purified  very  easily.  When  only  color 
is  to  be  determined,  the  residual  turbidity  in  the  filtrates  may 
or  may  not  be  corrected  for,  as  desired.  If  no  correction  is  to 
be  made,  silica  gel  has  the  advantage  of  requiring  such  a  small 
correction  that  it  may  in  practice  be  neglected.  In  all  cases 
the  coloring  matter  should  be  expressed  in  terms  of  —log  T 
for  a  specified  dry  substance  concentration  and  depth  of  layer, 
or  better  directly  as  —log  t.  The  quality  of  the  coloring  mat¬ 
ter  may  be  further  characterized  by  the  Q-  or  E-ratios. 

Since  there  is  no  actual  dividing  line  between  color  and 
turbidity,  both  varying  in  particle  size  and  both  showing  se¬ 
lective  absorption  and  reflection  or  scattering,  it  is  logical  to 
express  turbidity  in  the  same  way  as  the  color,  according  to 
the  practice  followed  by  Balch  and  by  the  writers.  The  lat¬ 
ter  have  shown,  however,  that  the  —log  t  arrived  at  by  Balch’s 
procedure  is  merely  an  optical  measure  having  no  direct  rela¬ 
tion  to  the  turbidity  concentration,  and  that  it  does  not  con¬ 
sider  the  turbidity  remaining  in  the  filtrate.  In  the  writers’ 
system,  on  the  other  hand,  the  total  turbidity  concentration 
is  expressed  as  the  —log  t  of  an  equivalent  concentration  of  a 
standard  turbidity,  and  the  difference  in  the  properties  of  the 
turbidity  present  and  of  the  standard  turbidity  is  character¬ 
ized  by  the  quality  index  and  by  the  dispersion  quotient  of  the 
turbidity.  In  the  preceding  paper  the  quality  index  was  de¬ 
fined  as  the  ratio  between  the  filterable  turbidity,  Nu  —  N„ 
and  the  turbidity  according  to  Balch.  Since  this  ratio  ap¬ 
plies  only  to  the  filterable  turbidity,  it  is  better  to  use  instead 
that  for  the  total  turbidity — that  is,  the  ratio  of  Nu  to 
—log  Tu  —  C.  Similarly,  the  dispersion  quotients  should  be 
given  for  Na  itself  rather  than  for  Nu  —  Nf.  Both  of  these 
changes  have  been  made  in  the  present  paper  in  Tables  XI 
and  XII. 


Summary  and  Conclusions 

In  a  study  of  the  factors  which  affect  the  simultaneous  de¬ 
termination  of  transmittancy  and  Tyndall  beam  intensity  of 
raw  sugar  solutions  with  the  Pulfrich  photometer,  it  has  been 
found  necessary  to  standardize  both  the  dry  substance  con¬ 
centration  and  the  depth  of  layer  of  the  solution  to  be  meas¬ 
ured.  A  concentration  of  60  Brix  and  a  cell  thickness  of  2.5 
mm.  have  been  tentatively  adopted.  When  dark  sugar  prod¬ 
ucts  have  to  be  diluted  with  white  sugar  sirup,  the  two  should 
first  be  mixed,  and  the  mixture  filtered  afterward.  If  they 
are  filtered  separately,  and  the  filtrates  mixed,  the  resulting 
solution  is  not  as  good  optically  as  that  obtained  by  the  other 
method.  The  optical  readings  should  be  made  about  2  hours 
after  the  preparation  of  the  solutions,  to  allow  colloid  equilib¬ 
rium  to  be  established. 

Among  a  number  of  filtering  agents  used  for  the  purpose  of 
removing  turbidity  from  raw  sugar  solutions,  asbestos,  Filter- 
Cel,  and  silica  gel  have  been  studied  more  particularly.  It 
has  been  shown  that  all  three  of  these  remove  both  turbidity 
and  coloring  matter  selectively.  Silica  gel  is  most  effective 
in  removing  total  dispersed  material.  There  is  little  differ¬ 
ence  in  this  respect  between  Filter-Cel  and  asbestos,  provided 
that  the  latter  is  used  in  the  form  of  a  tightly  packed  pad,  but 
the  filtrates  obtained  with  any  of  the  three  filtering  agents 
contain  turbidity,  as  judged  by  the  Tyndall  effect,  and  color¬ 
ing  matter  in  about  the  same  proportions.  It  is  thus  not 
possible  to  remove  turbidity  by  means  of  any  of  them,  with¬ 
out  removing  coloring  matter  at  the  same  time.  The  choice 
thus  becomes  a  matter  of  agreement.  Proposals  are  made  to 
serve  as  a  basis  for  such  an  agreement. 
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A  New  Rubber 


Particle  Count  in  Hevea  Latex 


EARLE  E.  LANGELAND,  308  Boston  Ave.,  Medford,  Mass. 


SO  MUCH  confusion  has  grown  up  in  the  literature  concern¬ 
ing  the  number  of  rubber  particles  in  Hevea  latex  that  at 
the  present  time  there  exists  a  thousandfold  error  in  the  cur¬ 
rently  published  reports  (I,  8, 8)  of  the  one  original  determina¬ 
tion  of  this  number.  Harries  (4),  Hauser  (5),  and  Noble 
(8),  each  reporting  the  original  work  of  Henri  ( 6 ),  give  a 
count  of  50,000,000  particles  per  cubic  centimeter  of  latex, 
Harries  not  specifying  the  concentration,  while  Hauser  and 
Noble  indicate  it  to  have  been  8.7  per  cent  solids.  On  the 
other  hand,  Dubose  and  Luttringer  (2),  also  reporting  the 
work  of  Henri,  record  a  count  of  50,000,000  particles  per  cubic 
millimeter  in  latex  of  unspecified  concentration.  The  original 
paper  of  Henri  ( 6 )  reported  that  he  had  found  an  average  of 


50,000,000  particles  per  cubic  millimeter  of  latex  having  a 
specific  gravity  of  0.973  and  containing  8.7  grams  of  solids 
per  100  cc.  Preliminary  counts  undertaken  by  the  author 
with  a  view  to  developing  a  rapid  microscopic  method  for  the 
determination  of  the  dry  rubber  content  of  latex  indicated 
that  the  results  of  Henri  were  considerably  low.  Since  the 
number  of  microscopically  visible  particles  is  a  fundamental 
property  of  latex,  it  was  felt  that  a  redetermination  of  this 
number  would  be  of  value. 

Experimental  Method 

Preparation  of  Solutions.  From  1.0  to  2.0  grains  of  am¬ 
monia-preserved  38  to  40  per  cent  latex,  the  solids  and  dry  rubber 
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content  of  which  had  been  determined,  were  weighed  by  dif¬ 
ference,  using  a  medicine  dropper,  into  a  1-liter  volumetric 
flask  nearly  filled  with  water  to  which  had  been  added  15  ml. 
of  26°  B6.  ammonium  hydroxide  solution  to  prevent  any  tendency 
to  flocculation  of  the  latex.  The  mixture  was  made  up  to  volume 
and,  after  careful  shaking,  20  ml.  were  pipetted  out  into  a  500- 
ml.  volumetric  flask  almost  filled  with  a  filtered  20  per  cent  sodium 
chloride  solution.  The  sodium  chloride  solution  was  used  to 
stop  the  Brownian  movement  of  the  rubber  particles  which  would 
render  the  counting  difficult.  After  being  made  up  to  volume 
with  the  same  salt  solution,  the  necessary  amount  of  the  solution, 
which  represents  a  dilution  of  the  original  weight  of  latex  to 
25,000  ml.,  was  transferred  to  the  counting  chamber  using,  for 
convenience,  a  Thoma  blood-diluting  pipet. 

Counting  Chamber.  A  Levy  counting  chamber  with  the 
improved  Neubauer  ruling  (9),  such  as  is  used  in  counting 
blood  corpuscles,  was  used  in  this  work.  The  counting  cell 
consists  essentially  of  a  plane  surface  of  glass  containing  a 
centrally  located  square  1  mm.  on  a  side.  This  central 
square  millimeter  is  ruled  into  400  equal  squares.  By  means 
of  double  marginal  rulings  these  400  smallest  squares  are 
grouped  into  25  squares,  each  containing  16  small  squares 
representing  an  area  of  0.04  sq.  mm.  Facilities  are  provided 
for  supporting  an  optically  plane  cover  glass  0.1  mm.  above 
and  parallel  with  this  ruled  surface,  thus  forming  a  chamber 
of  0.1  cu.  mm.  capacity.  The  volumetric  accuracy  of  the 
counting  chamber  is  of  the  order  of  4  per  cent.  One  group 
of  16  of  the  smallest  squares  is  visible  simultaneously  with  a 
i-mm.  objective  and  a  10 X  Huygenian  ocular. 

The  Microscope.  A  Hartnack  and  Prasmowski  micro¬ 
scope  was  used.  A  No.  7  objective,  with  corrective  lens  for 
cover  glass  thickness,  and  a  No.  3  eyepiece  were  used  in 
making  the  counts.  This  combination  of  lenses  represents  a 
magnification  of  about  400  diameters.  Since  no  mechani- 
ically  operated  stage  was  available,  it  was  necessary  to  provide 
otherwise  for  the  orderly  movement  of  the  counting  chamber. 
This  was  accomplished  by  daubing  a  small  quantity  of  a 
mixture  of  70  per  cent  rosin  and  30  per  cent  rapeseed  oil  onto 
each  end  of  the  under  surface  of  the  counting  chamber,  which, 
by  its  viscous  drag,  prevented  the  capricious  movement 
of  the  counting  chamber  when  touched  by  the  hand  to  bring 
a,  new  group  of  squares  into  view.  Because  the  counting 
chamber  depth  was  great  in  comparison  to  the  depth  of  focus 
of  the  objective  used,  it  was  necessary  to  focus  slowly  up¬ 
wards  from  the  ruled  surface  of  the  counting  cell  to  the  lower 
surface  of  the  cover  glass  in  counting  each  small  square  in 
order  to  assure  the  inclusion  of  all  the  particles.  To  prevent 
duplication,  the  particles  were  counted  only  when  they  came 
into  sharp  focus.  It  was  noticed  that  because  the  Brownian 
movement  had  been  stopped  there  was  a  pronounced  tendency 
for  the  particles  to  settle  upwards  towards  the  cover  glass  and 
that  after  the  counting  chamber  had  been  filled  for  about  10 
minutes  fully  75  per  cent  of  all  the  particles  were  found  in  the 
focal  plane  nearest  the  cover  glass.  Since  the  boundary  lines 
were  least  distinct  in  this  focal  plane,  it  was  necessary  to 
refill  the  cell  frequently. 

The  Latex.  The  samples  of  latex  used  were  obtained 
from  drums  of  commercial  38  to  40  per  cent  ammonia- 
preserved  latex.  Two  of  these  samples  were  of  the  brand 
known  as  “No.  4  Plantation  Latex,”  marketed  by  the  Vultex 
Chemical  Company,  Cambridge,  Mass.,  and  one  sample  of 
the  brand  “Lotol,”  marketed  by  the  Naugatuck  Chemical 
Company,  Naugatuck,  Conn. 

Results  of  Counts 

The  results  of  the  several  counts  on  the  different  latex 
samples  appear  in  Table  I.  The  number  of  particles  per 
gram  of  latex  is  the  value  reported,  and  for  the  purpose  of 
comparison  among  the  several  samples  of  latex,  which  varied 
slightly  in  dry  rubber  content,  all  the  counts  are  corrected 
to  a  common  basis  of  35  per  cent  dry  rubber  content. 


Table  I. 

Results  of  Counts 

Brand  of 

Sample 

Dry 

Dry 

Rubber 

Groups 

Particles 

Latex 

No. 

Solids 

Content 

Counted11 

per  Gramf> 

% 

% 

No.  4  Plantation 

1 

38.4 

35.3 

2 

0.62  X  10>2 

1 

38.4 

35.3 

3 

0.65  X  1012 

1 

38.4 

35.3 

1 

0.62  X  1012 

2 

38.5 

34.6 

4 

0.63  X  10‘2 

2 

38.5 

34.6 

3 

0.60  X  1022 

Lotol 

3 

39.0 

35.9 

1 

0.64  X  10>2 

3 

39.0 

35.9 

,  3 

0.69  X  1012 

a  Group  of  16  small  squares. 

&  Corrected  to  35  per  cent  dry  rubber  content. 


An  average  of  all  the  counts  recorded  in  Table  I,  weighted 
on  the  basis  of  the  number  of  groups  counted,  gives  a  figure  of 
640,000,000,000  rubber  particles  per  gram  of  latex  of  35  per 
cent  dry  rubber  content.  The  count  of  Henri,  calculated 
to  the  same  basis,  using  the  factor  0.92  for  conversion  from 
per  cent  solids  to  dry  rubber  content,  gives  a  figure  of  218,- 
000,000,000  particles.  , 

Discussion  of  Results 

It  must  be  realized  that  because  there  is  known  to  be  nu¬ 
merically  considerable  material  of  ultramicroscopic  propor¬ 
tions  in  latex  which  cannot  be  included  in  any  such  particle 
count  as  is  reported  here,  but  which  does  contribute  slightly 
to  the  rubber  content  of  the  latex,  such  a  count  is  inevitably 
low.  If,  however,  we  are  willing  to  neglect  the  contribution 
of  the  ultramicroscopic  material  to  the  rubber  content  of 
the  latex,  it  is  possible  to  calculate  an  average  particle 
diameter.  In  making  such  a  calculation  based  on  the  count 
reported  here  spherical  shape  has  been  assumed  for  the  par¬ 
ticles,  and  a  density  of  0.914  for  the  material  of  the  particles 
was  used.  On  this  basis  the  average  rubber  particle  size 
in  the  latex  samples  used  in  this  investigation  is  1.04  microns. 
The  average  diameter  of  the  rubber  particles  of  Hevea 
latex  has  been  determined  by  Wightman  and  Trivelli  (10), 
using  motion  photomicrographs,  to  be  between  0.7  and  0.8 
micron.  On  the  other  hand,  Madge  (7)  states  that  “the 
particles  of  commercial  latex  have  on  an  average  a  diameter 
of  approximately  1.5  microns  as  measured  with  a  micro¬ 
scope.” 

Acknowledgment 

The  author’s  grateful  thanks  are  due  to  the  Union  Paste 
Company  of  Medford,  Mass.,  whose  facilities  and  materials 
were  graciously  extended  for  the  conduct  of  this  investigation, 
and  to  Purcell  G.  Schube,  Boston  State  Hospital,  Boston, 
Mass.,  not  only  for  the  use  of  the  blood-counting  apparatus, 
but  for  much  helpful  advice  and  many  suggestions. 

Literature  Cited 

(1)  Anon.,  Vanderbilt  News,  4,  No.  5,  26  (1934). 

(2)  Dubose,  A.,  and  Luttringer,  A.,  tr.  by  Lewis,  “Rubber,  Its 

Production,  Chemistry  and  Synthesis,”  p.  87,  London,  Charles 
Griffin  &  Co.,  1918. 

(3)  Freundlich,  H.,  “Chemistry  of  Rubber,”  p.  3,  London,  Methuen 

&  Co.,  Ltd.,  1935. 

^4)  Harries,  C.  D.,  “Untersuchungen  iiber  die  natiirlichen  und 
ki'mstlichen  Kautschukarten,”  p.  4,  Berlin,  Julius  Springer, 
1919. 

(5)  Hauser,  E.  A.,  tr.  by  Kelly,  “Latex,”  p.  55,  New  York,  Chemical 

Catalog  Co.,  1930. 

(6)  Henri,  V.,  Caoutchouc  &  Gutta-percha ,  3,  510  (1906). 

(7)  Madge,  E.  W.,  Trans.  Inst.  Rubber  Ind.,  10,  405  (1935). 

(8)  Noble,  R.  J.,  “Latex  in  Industry,”  p.  31,  New  York,  Rubber 

Age,  1936. 

(9)  Trenner,  S.,  J.  Lab.  Clin.  Med.,  10,  65  (1924). 

(10)  Wightman,  E.  P..  and  Trivelli,  A.  P.  H.,  Ind.  Eng.  Chem., 
17,  164  (1925). 

Received  February  7,  1936. 


Determination  of  Sulfur  in  Rubber  Compounds 

I.  Precipitation  of  Barium  Sulfate  in  the  Presence  of  Picric  Acid 

C.  HERBERT  LINDSLY,  United  States  Rubber  Products,  Inc.,  Detroit,  Mich. 


THERE  is  probably  no  single  operation  in  analytical 
chemistry  that  has  received  more  attention  from  inves¬ 
tigators  than  that  of  precipitation  of  barium  sulfate  by  means 
of  a  soluble  barium  salt  for  the  determination  of  sulfate  or 
of  barium.  The  literature  on  this  subject  is  voluminous  and 
the  conclusions  reached  by  different  investigators  as  to  the 
proper  procedure  to  employ  in  order  to  obtain  a  precipitate 
which  will  be  filterable  and  reasonably  pure  are  highly  con¬ 
tradictory.  The  procedure  which  seems  to  be  in  most  general 
use  at  present  for  the  determination  of  sulfate  is  that  of  add¬ 
ing  the  barium  chloride  solution  to  the  hot  sulfate  solution 
very  slowly,  stirring  vigorously  meanwhile,  then  allowing  the 
whole  to  digest  at  an  elevated  temperature  for  several  hours 
before  filtering. 

The  diversity  of  opinion  as  to  the  proper  procedure  arises, 
the  author  believes,  from  the  fact  that  the  barium  sulfate  pre¬ 
cipitate  is  exceedingly  sensitive  to  its  environment  and  that  a 
very  slight  change  in  the  amount  or  kind  of  impurities  present 
in  the  solutions  during  precipitation  has  a  profound  effect 
upon  the  crystal  size  and  shape  of  the  precipitated  particles 
as  well  as  upon  their  purity.  Kolthoff  and  Vogelenzang  (2) 
have  stated  that  it  is  impossible  to  prescribe  a  general  proce¬ 
dure  for  the  accurate  precipitation  of  sulfate  in  arbitrary 
mixtures.  In  other  words,  a  precipitation  procedure  which 
gives  satisfactory  results  in  the  determination  of  sulfur  in 
copper  ores,  for  instance,  may  not  yield  a  satisfactory  precipi¬ 
tate  when  applied  to  the  determination  of  total  sulfur  in 
hard  rubber  dust,  and  a  study  of  each  type  of  determination, 
with  due  consideration  for  the  amount  and  kind  of  impurities 
present,  must  be  made  in  order  to  find  the  conditions  neces¬ 
sary  to  obtain  a  precipitate  which  is  pure  and  easily  filterable. 

For  several  years  it  has  been  known  to  a  few  analysts  that 
the  presence  of  picric  acid  in  the  sulfate  solution  at  the  time 
of  precipitation  would  yield  a  precipitate  which  could  be 
filtered  immediately  without  the  necessity  of  prolonged  di¬ 
gestion  before  filtration.  This  bit  of  information  has  not 
appeared  in  the  literature,  although  Dubrisay  and  Toquet  ( 1 ) 
in  1919  suggested  the  use  of  phenol;  and  at  present  picric 
acid  is  being  used  in  a  number  of  laboratories  throughout  the 
country.  Thus,  the  author  does  not  claim  in  any  sense  that 
the  use  of  picric  acid  is  original  with  him,  but  presents  this 
study  in  the  hope  that  its  use  will  become  as  widespread  as  it 
deserves. 

The  technic  employed  in  the  use  of  picric  acid  is  simple. 
From  1  to  5  cc.  of  a  saturated  solution  of  picric  acid  in  water  are 
added  to  the  acidified  sulfate  solution  and  stirred  in  before  adding 
the  barium  chloride.  The  barium  chloride  may  be  added  quickly, 
as  nothing  is  gained  by  adding  it  slowly.  After  adding  the  barium 
chloride  (which  should  be  in  excess  as  small  as  practicable) 
the  solution  should  be  gently  boiled  for  from  5  to  10  minutes. 
It  will  then  be  ready  to  filter.  In  case  the  sulfate  solution  con¬ 
tains  large  quantities  of  sodium  salts,  as  in  sulfur  determinations 
on  Parr  peroxide  bomb  residues,  or  strong  oxidizing  acids,  as  in 
the  perchloric  acid  method  for  total  sulfur  in  rubber  compounds, 
the  amount  of  picric  acid  necessary  to  produce  the  desired 
effect  may  be  greater  than  that  given  above  and  in  these  cases 
from  10  to  25  cc.  of  the  saturated  solution  should  be  used. 

In  the  company’s  laboratories,  picric  acid  has  been  in  con¬ 
stant  use  for  the  past  8  years  in  the  determination  of  free  sul¬ 
fur  in  rubber  compounds  by  the  bromine-oxidation  method  and 
of  total  sulfur  by  oxidation  with  perchloric  acid.  It  has  been 
known  all  this  time  that  its  use  greatly  improved  the  filtera- 


bility  of  the  precipitated  barium  sulfate  without  deleterious 
effect  on  the  quantitative  results,  but  no  systematic  study  of 
the  phenomenon  was  made  until  within  the  last  few  months. 

When  the  use  of  picric  acid  was  first  under  consideration, 
a  long  series  of  parallel  determinations  showed  that  the  quanti¬ 
tative  results  obtained  with  and  without  picric  acid  were,  if 
not  identical,  at  least  within  the  limits  of  accuracy  of  the  meth¬ 
ods  of  analysis  themselves.  These  observations  have  been 
confirmed  in  the  recent  study,  as  shown  in  Table  I,  which 
gives  the  results  obtained  using  pure  solutions  of  sulfuric  acid 
as  the  source  of  sulfate  ions.  In  each  case,  the  numerical  re¬ 
sult  given  is  the  average  obtained  from  determinations  run  in 
triplicate. 


Table  I.  Precipitation  of  Barium  Sulfate 


No. 

Water 

0.1  N 
H2SO4 

Picric 

Acid 

10% 

BaClj 

Bromine 

BaS04 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Gram 

1 

100 

20 

0 

15 

0 

0.2333 

2 

•  100 

20 

1 

15 

0 

0.2359 

3 

100 

20 

0 

15 

3 

0.2337 

4 

100 

20 

1 

15 

3 

0.2364 

5 

400 

20 

0 

15 

0 

0.2355 

6 

400 

20 

1 

15 

0 

0.2358 

7 

250 

4 

0 

10 

3 

0.0457 

8 

250 

4 

1 

10 

3 

0.0464 

9 

400 

1 

0 

1 

0 

0.0105 

10 

400 

1 

1 

1 

0 

0.0105 

In  each  case,  the  result  obtained  where  picric  acid  is  pres¬ 
ent  is  slightly  higher  than  where  it  is  absent.  When  the 
gravimetric  factor  for  converting  barium  sulfate  to  sulfur 
(0.13136)  is  applied  to  this  difference,  it  is  divided  by  approxi¬ 
mately  7.3  and  becomes  smaller  than  the  usual  difference  be¬ 
tween  duplicate  determinations,  although  it  is  always  positive 
in  sign.  These  results  removed  any  fear  that  picric  acid 
might  increase  the  solubility  of  barium  sulfate  and  cause  in¬ 
complete  precipitation. 

Runs  3  and  4  differ  from  1  and  2  in  the  fact  that  before  the 
barium  chloride  was  added  3  cc.  of  bromine  were  added, 
allowed  to  stand  for  30  minutes,  and  then  boiled  off,  after 
which  the  picric  acid  was  added  and  the  precipitation  per¬ 
formed  as  usual.  This  was  done  to  determine  whether  bro- 
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mine  or  hydrobromic  acid  would  have  any  appreciable  effect 
upon  the  result,  which  is  apparently  not  the  case.  Runs  7 
and  8  are  in  approximately  the  range  of  concentration  which  is 
encountered  in  free  sulfur  determinations  on  nonblooming 
tire  stocks.  Runs  9  and  10  are  very  dilute,  and  the  excess 
of  barium  chloride  is  low  in  concentration.  The  exact  agree¬ 
ment  obtained  in  these  last  runs  would  make  it  appear  that 
the  differences  in  results  obtained  in  the  previous  runs  were 
due  to  increased  occlusion  or  adsorption  of  barium  chloride 
brought  about  in  the  presence  of  picric  acid.  The  results 
given  in  Table  II  show  that  this  probably  is  the  case. 


Table  II. 

Precipitation  of  Barium 

Sulfate 

No.  Water 

0.1  N 

Picric 

Acid 

0.5  N 
BaCb 

BaSCU 

Cc. 

Cc. 

Cc. 

Cc. 

Gram 

1 

250 

25 

0 

20 

0.1163 

2 

250 

25 

1 

20 

0.1161 

3 

100 

20 

0 

15 

0,0870 

4 

100 

20 

1 

15 

0 . 0873 

In  these  runs,  the  barium  chloride  present  was  insufficient 
to  react  with  all  the  sulfuric  acid  present,  so  that  there  was 
no  excess,  but  rather  a  deficiency  of  barium  chloride.  The  re¬ 
sults  are  well  within  the  limits  of  accuracy  of  the  ordinary 
volumetric  buret  and  the  differences  are  opposite  in  sign  in 
the  two  pairs  of  runs,  which  differ  considerably  in  concentra¬ 
tion,  runs  3  and  4  being  twice  as  concentrated  as  runs  1  and  2. 

Since  we  now  have  very  good  evidence  that  picric  acid  in¬ 
creases  the  adsorption  of  barium  chloride  by  barium  sulfate, 
to  a  very  small  extent,  it  was  logical  to  believe  that  it  might 
have  a  similar  effect  upon  other  ions  which  might  be  present 
as  impurities  in  the  solution.  Since  iron  is  commonly  pres¬ 
ent  in  solutions  from  which  barium  sulfate  is  precipitated,  a 
pair  of  runs  was  made  in  which  ferric  chloride  was  present. 
After  filtering  the  precipitates  obtained,  they  were  analyzed 
and  the  iron  was  determined.  The  results  are  shown  in 
Table  III. 


Table 

III.  Determination 

of  Iron 

0.1  N 

1% 

Picric 

10% 

15% 

Fe  in  BaSC>4 

No. 

Water 

HsSO. 

Acid 

BaCl 

FeCh 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Gram 

1 

250 

25 

0 

10 

2 

0.057 

2 

250 

25 

5 

10 

2 

0.0051 

3 

250 

25 

0 

10 

2 

Faint  trace 

4 

250 

25 

5 

10 

2 

Faint  trace 

In  runs  1  and  2  an  appreciable  amount  of  iron  was  picked 
up.  It  had  been  foreseen  that  iron  might  be  adsorbed  by  the 
filter  paper,  so  extraordinary  precautions  were  taken  in  wash¬ 
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ing.  The  filters  were  washed  at  least  30  times  with  boiling 
water  and  the  washings  tested  colorimetrically  for  iron.  In 
the  last  5  or  6  washings  no  iron  was  detectable,  yet  the  ap¬ 
pearance  of  the  ignited  barium  sulfate  led  to  the  belief  that 
the  filter  paper  itself  was  responsible  for  a  considerable  por¬ 
tion  of  the  total  iron  present.  Accordingly,  runs  3  and  4  were 
made,  using  fritted  glass  filters  instead  of  paper  for  the  final 
filtration.  The  precipitate  was  then  removed  from  the  filter 
and  analyzed  for  iron  as  before.  This  time,  the  colorimetric 
test  for  iron  was  so  faint  as  entirely  to  pi  event  its  quantita¬ 
tive  estimation. 

Table  IV  shows  the  results  obtained  in  actual  free  sulfur 
and  total  sulfur  determinations.  These  figures  are  typical  of 
those  obtained  from  hundreds  of  comparison  determinations 
made  during  the  last  8  years. 

Table  IV.  Results  in  Actual  Sulfur  Determinations 


Sulfur  without 

Sulfur  with 

Sample 

Picric  Acid 

Picric  Acid 

% 

% 

156A  (free  sulfur) 

0.35 

0.37 

0  35 

0.37 

159 

0.40 

0.40 

0.40 

0.40 

160 

0.32 

0.33 

0.32 

0.33 

1  (total  sulfur) 

1.944 

1.946 

2 

2.561 

2 . 562 

That  the  effectiveness  of  picric  acid  in  increasing  the  ease 
of  filtration  is  due  to  an  actual  increase  in  particle  size  of  the 
barium  sulfate  crystals  and  not  to  any  coagulating  effect  of 
the  reagent  is  illustrated  in  the  accompanying  photomicro¬ 
graphs. 

Figures  1  and  2  show  the  crystals  obtained  from  sulfuric 
acid  solutions  of  various  concentrations.  In  Figure  1,  upper 
row,  the  concentrations  were  0.000063  M,  0.000125  M,  and 
0.00025  M,  respectively,  reading  from  left  to  right.  The 
lower  row  shows  the  precipitates  obtained  from  solutions  of 
the  same  concentrations,  containing  in  addition  0.0025  per 
cent  of  picric  acid.  The  precipitates  in  the  first  two  photo¬ 
graphs,  top  row,  were  not  entirely  held  up  by  a  Carl  Schleicher 
Schull  589  Blue  Ribbon  filter,  while  all  the  precipitates 
formed  in  the  presence  of  picric  acid  were  held  up  completely 
by  this  grade  of  paper.  In  Figure  2,  the  concentrations  of  the 
solutions  were  0.00050  M,  0.001  M,  and  0.002  M,  respectively, 
the  lower  row  containing  the  same  amount  of  picric  acid  as  in 
Figure  1.  In  all  these  experhnents,  the  precipitates  prepared 
without  picric  acid  were  digested  at  80°  C.  for  16  hours  before 
photographing,  while  those  prepared  with  picric  acid  were 
photographed  immediately  after  precipitation. 
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Figure  3  shows  the  appearance  of  fresh  precipitates,  without 
and  with  picric  acid  (top  row),  and  the  same  precipitates 
after  16  hours’  digestion  (bottom  row).  There  is  no  percep¬ 
tible  difference  in  the  crystal  size  of  the  fresh  and  aged  precipi¬ 
tates.  Since  there  can  be  no  doubt  that  overnight  digestion 
does  improve  the  filterabihty  of  barium  sulfate,  some  other 
process  must  take  place  and  a  further  investigation  showed 
that  there  occurred  a  cementation  of  the  individual  particles 
into  larger  groups  or  aggregates  as  shown  in  Figure  4.  On 
the  left  is  shown  the  fresh  precipitate  and  on  the  right  the 
same  precipitate  after  16  hours’  digestion,  special  precautions 
having  been  taken  to  prevent  the  breaking  up  of  the  rather 
loosely  cemented  aggregates  in  mounting  them  on  the  mi¬ 
croscope  slide.  This  process  of  aggregation  has  also  been  ob¬ 
served  by  other  investigators,  notably  Trimble  (3)  of  the 
University  of  Oklahoma. 

Figure  5  shows  the  appearance  of  the  precipitates  obtained 
in  a  regular  free  sulfur  determination  by  the  bromine-oxida¬ 
tion  method,  without  and  with  picric  acid,  respectively.  In 
Figure  6  are  shown  the  precipitates  obtained  in  the  determina¬ 
tion  of  total  sulfur  by  oxidation  with  perchloric  acid.  Figure 
7  shows  the  effect  of  materials  other  than  picric  acid.  The 
upper  left  photograph  shows  the  crystals  obtained  from  pure 
sulfuric  acid  and  barium  chloride  solutions;  those  in  the  upper 
right  were  precipitated  in  the  presence  of  approximately  0.5 
per  cent  of  phenol;  those  in  the  lower  left  were  precipitated 
from  a  saturated  solution  of  trinitrobenzene;  while  those  in 
the  lower  right  were  precipitated  in  the  presence  of  0.0025  per 
cent  of  picric  acid.  In  the  presence  of  phenol,  the  crystals 
are  actually  decreased  in  size.  Trinitrobenzene  increases 
the  particle  size  to  some  extent,  but  its  low  solubility  in  the 
aqueous  solution  probably  prevents  its  being  as  effective  as 
picric  acid. 

It  has  been  the  author’s  experience  that,  in  every  case,  the 
particle  size  of  the  barium  sulfate  precipitates  has  been  mate¬ 
rially  increased  by  the  presence  of  picric  acid.  It  is  not  rec¬ 
ommended  in  any  sense  as  a  cure-all  for  filtration  troubles 
with  barium  sulfate,  but  its  use  will  save  a  great  deal  of  time 
and  trouble  if  properly  applied  to  the  particular  type  of  sulfur 
determination  in  question. 


In  this  connection  it  was  interesting  to  note  that  digestion 
of  the  barium  sulfate  for  16  hours  at  a  temperature  of  80°  C. 
had  no  significant  effect  upon  the  particle  size.  In  no  case 
could  any  change  in  particle  size  be  detected  until  the  diges¬ 
tion  had  progressed  for  several  days.  There  is  a  generally 
accepted  belief  that  during  digestion  the  smaller  crystals  tend 
to  pass  into  solution,  while  the  larger  crystals  grow  still  larger 
at  the  expense  of  the  smaller  ones.  There  is  no  doubt  that 
this  process  will  take  place  if  sufficient  time  be  given,  but  it 
is  much  too  slow  to  have  any  appreciable  effect  during  the 
usual  overnight  digestion. 


Literature  Cited 

(1)  Dubrisay  and  Toquet,  Bull.  soc.  chim.,  25,  354-64  (1919). 

(2)  Kolthoff,  I.  M.,  and  Vogelenzang,  E.  H.,  Pharm.  Weekblad,  56, 

122-42  (1919). 

(3)  Trimble,  H.  M.,  Proc.  Oklahoma  Acad.  Set.,  Univ.  Oklahoma 

Bull.,  New  Series  No.  409,  Studies  Series  No.  29,  197  (1928). 

Received  October  14,  1935.  Presented  before  the  Division  of  Rubber 
Chemistry,  Akron,  Ohio,  October  1,  1935. 


(Part  II  follows ) 


II.  Sources  of  Error  in  the  Determination  of  Free  Sulfur  in  Rubber  Compounds 
Containing  Rapid  Accelerators  and  Sulfur  Bearing  Accelerators 


IT  HAS  been  known  for  many  years  that  the  classic  ana¬ 
lytical  methods  for  determining  the  degree  of  vulcaniza¬ 
tion  of  rubber  stocks — namely,  determination  of  the  combined 
sulfur  directly  on  an  acetone-extracted  sample,  or  indirectly 
by  determining  the  free  sulfur  and  subtracting  it  from  the 
total  sulfur — possessed  certain  inherent  errors.  In  the  older 
types  of  stocks,  using  relatively  slow  accelerators,  those  errors 
were  either  too  small  to  be  disturbing  or  could  be  compensated 
for  by  fairly  simple  calculations,  taking  into  consideration  the 
amounts  of  sulfur-bearing  ingredients  such  as  lithopone, 
barytes,  rubber  substitute,  mineral  rubber,  etc.,  known  to  be 
in  the  stock.  Furthermore,  the  physical  properties  of  the 
stocks  had  been  cataloged  in  the  minds  of  the  compounders 
by  long  experience,  as  fairly  simple  functions  of  the  tempera¬ 
ture  and  time  of  cure.  Hence,  little  attention  was  paid  to 
these  errors  in  sulfur  determinations,  and  the  compounder 
could  obtain  a  fairly  good  mental  picture  of  the  state  of  cure 
from  the  total  sulfur  and  free  sulfur  results  furnished  him 
by  the  laboratory. 

Of  late,  however,  the  picture  has  been  changed  by  the  intro¬ 
duction  and  widespread  use  of  sulfur-bearing  accelerators  and 
of  accelerators  of  the  “ultra”  and  “semi-ultra”  type.  The 
compounder  has  found  that  he  must  accustom  himself  to 
physical  properties  which  no  longer  vary  as  simple  functions 
of  the  temperature  and  time  of  cure,  and  the  analyst  finds  that 
the  free  sulfur  which  he  still  tries  to  determine  by  the  bromine- 
oxidation  method  is  no  longer  simply  elemental  sulfur  which 
failed  to  react  with  rubber  during  the  vulcanization  process, 
but  may  be  in  the  form  of  a  number  of  other  things  enormously 
more  complicated.  Furthermore,  he  may  find  that  extrac¬ 
tion  with  acetone — the  foundation  upon  which  his  free  sulfur 
determination  rests — is  not  the  clean-cut  solvent  operation 
that  it  was  in  the  days  before  the  more  rapid  accelerators 
came  into  common  use. 

The  American  Society  for  Testing  Materials  defines  “free 
sulfur”  as  “that  which  is  removed  during  acetone  extraction” 
(I).  No  explanation  is  given  as  to  whether  this  definition 
i  shall  be  construed  to  mean  all  sulfur  extracted  by  acetone  or 
only  the  elemental  sulfur. 

Free  sulfur  determinations  on  stocks  containing  rapid  ac¬ 
celerators  or  sulfur-bearing  accelerators  are  subject  to  the 
following  errors: 

1.  Elemental  sulfur  introduced  into  the  compound  as  an 
impurity  in  the  accelerator 

2.  Sulfur  in  the  molecule  of  the  accelerator 

3.  Sulfur  in  the  acetone-soluble  products  of  the  vulcanization 
reaction 

4.  Sulfur  in  acetone-insoluble  combinations  other  than  with 
rubber 

5.  Curing  of  the  stock  during  extraction  with  acetone 

These  sources  of  error  are,  of  course,  in  addition  to  the 
sources  of  error  found  in  the  older  types  of  compounds — 
namely,  combination  of  a  part  of  the  elemental  sulfur  with 
resins  and  with  various  fillers  to  form  sulfides,  introduction  of 
sulfur  into  the  stock  in  fillers  such  as  barytes,  rubber  substi¬ 
tute,  etc. 

The  first  source  of  error — elemental  sulfur  occurring  in  the 
accelerator  as  an  impurity — is  probably  the  smallest  and  least 
disturbing  of  all.  The  commercial  sulfur-bearing  accelerators 
may  contain  6  per  cent  or  even  more  of  elemental  sulfur,  but 
its  net  effect  is  simply  a  change  in  the  total  elemental  sulfur 
as  shown  in  the  recipe.  Because  of  the  small  amounts  of 
accelerator  usually  used,  this  change  is  small. 

Items  2,  3,  and  4 — sulfur  in  the  accelerator  molecule,  sulfur 


in  the  acetone-soluble,  and  in  the  non-acetone-soluble  prod¬ 
ucts  of  the  vulcanization  reaction — are  closely  related  and 
may  be  considered  together.  For  simplicity  in  explana¬ 
tion,  let  us  see  the  effect  of  these  three  sources  of  error  on  the 
results  of  sulfur  determinations  on  stocks  containing  a  specific 
accelerator — mercaptobenzothiazole  (MBT).  This  material 
contains  two  atoms  of  sulfur  in  the  molecule:  a  mercapto 
sulfur  or  — SH  group  and  a  ring  sulfur  in  the  thiazo  group. 

Upon  treatment  with  bromine,  as  in  the  bromine-oxidation 
method  for  free  sulfur,  the  mercapto  sulfur  is  readily  oxidized 
and  appears  in  the  result.  The  ring  sulfur  is  not  appreciably 
oxidized  and  is  lost  unless  a  more  drastic  oxidizing  agent  such 
as  perchloric  acid  is  used.  Thus,  of  whatever  unchanged 
mercaptobenzothiazole  in  the  cured  stock  goes  into  the  ace¬ 
tone  extract,  approximately  half  of  its  sulfur  (the  mercapto 
sulfur)  appears  in  the  result.  The  amount  of  unchanged 
mercaptobenzothiazole  present  in  a  cured  stock  is  a  function 
of  various  factors,  such  as  time  of  cure,  composition  of  the 
stock,  etc.,  and  so  long  as  any  unchanged  mercaptobenzothia¬ 
zole  is  present  which  can  go  into  the  acetone  extract  (and  it  is 
probably  always  present,  no  matter  how  long  the  cure)  there 
is  a  positive  error  in  determining  the  extracted  sulfur.  This 
error  is  dependent,  among  other  things,  on  (1)  mercaptobenzo- 
thiazole-sulfur  ratio  in  the  recipe — that  is,  the  lower  the  pro¬ 
portion  of  sulfur,  the  greater  will  be  the  error — and  (2)  the 
extent  of  the  cure,  which  progressively  removes  a  part  of  the 
mercaptobenzothiazole  as  a  source  of  sulfur  available  for  oxi¬ 
dation  with  bromine. 

It  is  possible  that  the  mercaptobenzothiazole-sulfur  ratios 
at  various  stages  of  a  cure  can  be  such  that  the  acetone-ex¬ 
tractable  sulfur  due  to  the  accelerator  may  be  several  times 
greater  than  the  actual  amount  of  elemental  sulfur.  Table  I, 
illustrating  such  a  condition,  shows  results  obtained  from  a 
stock  containing  rubber  100,  zinc  oxide  5,  stearic  acid  1,  MBT 
3,  and  sulfur  0.5  parts. 


Table  I.  Determination  of  Sulfur 


Cure,  at  25  pounds  (130.4°  C.), 
min. 

Raw 

30 

45 

60 

240 

Free  sulfur,  bromine  method,  % 

0.82 

0.37 

0.30 

0.29 

0.21 

Elemental  sulfur,  % 

0.50 

0.128 

0.046 

0.059 

0.045 

Difference,  % 

0.32 

0.242 

0.254 

0.231 

0.165 

MBT  in  acetone  extract,  % 

2.91 

2.28 

1.95 

1.80 

1.64 

The  elemental  sulfur  was  determined  on  the  stock  by  the 
method  of  Guppy  (2),  which  does  not  appreciably  decompose 
mercaptobenzothiazole  in  the  short  time  required  for  the  de¬ 
termination,  while  the  mercaptobenzothiazole  determinations 
were  made  by  precipitation  of  its  copper  salt  from  benzene 
solution  by  means  of  copper  oleate. 

From  these  results  it  is  obvious  that  the  error  due  to  mer¬ 
capto  sulfur  is  by  no  means  constant.  The  numerical  error 
is  progressively  smaller  but  proportionally  larger  as  the  cure 
increases  and  the  extractable  mercaptobenzothiazole  decreases. 
With  such  proportions  of  curing  ingredients,  it  is  of  such 
magnitude  as  seriously  to  affect  the  result,  especially  in  long 
overcures.  In  the  cures  above  30  minutes,  the  elemental 
sulfur  has  practically  disappeared,  yet  the  “free  sulfur”  is 
still  appreciable. 

Regarding  the  sulfur  compounds  present  in  the  acetone- 
soluble  products  and  in  the  acetone-insoluble  products  of  the 
vulcanization,  very  little  is  known  except  that  they  exist. 
It  is  not  unlikely  that  during  the  cure,  the  mercapto  group 
splits  off  from  some  of  the  mercaptobenzothiazole,  leaving 
the  benzothiazole  group  either  combined  with  other  sub- 
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Figure  1 


stances,  split  up  in  various  ways  or  in  the  form  of  metallic 
complexes.  Some  of  these  reaction  products  may  be  readily 
soluble  in  acetone,  others  very  difficultly  soluble,  and  re¬ 
moved  only  by  very  prolonged  extraction,  while  still  others 
are  not  removed  by  acetone  at  all.  These  last,  unless  re¬ 
moved  by  some  solvent  other  than  acetone,  remain  in  the  ex¬ 
tracted  sample,  later  to  appear  as  “combined”  sulfur  upon 
oxidation  with  perchloric  acid. 

The  last  item  of  error- — -cure  during  the  extraction  with  ace¬ 
tone— is  probably  the  largest  of  all,  and  is  certainly  the  most 
disturbing,  since  it  eliminates  at  one  stroke  all  analytical 
methods  which  depend  upon  the  accepted  methods  of  acetone 
extraction.  The  extraction  maintains  the  sample  at  a  tem¬ 
perature  of  57°  C.  (135°  F.)  and  many  accelerators  cure  notice¬ 
ably  at  this  temperature,  while  some  may  even  be  activated 
somewhat  by  the  acetone.  An  indication  of  the  significance 
of  this  phenomenon  will  be  seen  in  Table  II,  which  shows  the 
results  obtained  by  the  regular  extraction  and  bromine-oxida¬ 
tion  method  and  by  Guppy’s  method  on  a  stock  containing 
rubber  100,  zinc  oxide  5,  stearic  acid  1,  MBT  0.5,  and  sulfur 
3  parts. 


Table  II.  Comparative  Results 

Cure,  at  25  pounds  (130.4°  C.),  min. 
Free  sulfur  by  extraction  and  bro¬ 

Raw 

30 

45 

60 

240 

mine  oxidation,  % 

Elemental  sulfur  by  Guppy's 

2.37 

0.73 

0.37 

0.20 

0.06 

method,  % 

2.42 

0.85 

0.44 

0.29 

0.06 

Here,  it  will  be  seen  that  the  elemental  sulfur  result  is  higher 
than  the  “bromine  free  sulfur”  result,  even  though  the  bro¬ 
mine  oxidation  gives  the  elemental  sulfur  plus  the  mercapto 
sulfur  in  the  acetone  extract.  In  other  words,  sufficient  cure 
has  taken  place  in  the  process  of  extraction  to  make  the  bro¬ 
mine  free  sulfur  appear  lower  than  the  elemental  sulfur,  in 
spite  of  the  positive  error  due  to  the  mercapto  sulfur. 


Various  methods  have  been  tried  to  prevent,  or  at  least  re¬ 
duce,  the  magnitude  of  this  cure  during  extraction  and  the 
most  effective  method  so  far  developed  has  been  that  of  cold 
extraction — that  is,  by  using  an  apparatus  in  which  the  ace¬ 
tone  is  cooled  to  or  below  room  temperature  before  coming  in 
contact  with  the  sample.  The  apparatus  used  was  one  built 
up  of  glassware  available  in  most  laboratories  and  is  shown  in 
Figure  1. 

The  sample  is  placed  in  the  siphon  cup,  A,  which  is  an  ordinary 
Pyrex  cup  having  an  extension  sealed  to  the  lower  end  of  the 
siphon,  so  as  to  give  it  sufficient  length  to  pass  through  a  cork 
stopper  which  is  placed  in  the  regular  A.  S.  T.  M.  extraction 
flask.  The  vapor  tube,  B,  carries  the  acetone  vapors  from  the 
flask  to  the  top  of  a  Friedrich  condenser,  through  which  the  con¬ 
densed  vapors  pass,  cooling  the  acetone  to  approximately  tap- 
water  temperature  before  it  comes  in  contact  with  the  sample. 
The  top  of  the  siphon  cup  is  in  loose  contact  with  the  bottom  of 
the  condenser,  thus  keeping  evaporation  at  a  minimum  and  at 
the  same  time  allowing  sufficient  venting  for  the  apparatus. 
The  sample  is  extracted  on  this  apparatus  for  16  hours  and  then  is 
transferred  to  a  regular  A.  S.  T.  M.  siphon  cup,  and  the  flask 
with  its  contents  is  removed  from  the  stopper  and  placed  on  the 
customary  hot  plate  where  the  extraction  is  continued,  hot,  until 
complete.  Thus  the  first  stage  removes  a  large  portion  of  the 
curing  ingredients  without  heating  the  sample  to  a  curing  tem¬ 
perature,  and  the  process  is  finished  at  the  higher  temperature  to 
insure  complete  extraction. 

In  Table  III  is  shown  the  effect  of  such  an  extraction  upon 
the  combined  sulfur. 


Table  III.  Effect  of  Cold  Extraction 


Stock 

Z-516 

Z-517 

Rubber 

100 

100 

Zinc  oxide 

5 

5 

Stearic  acid 

1 

1 

MBT 

0.5 

3 

Sulfur 

3 

0.5 

Total  sulfur,  elemental  and  in  MBT,  calculated,  % 
Combined  sulfur,  left  by  hot  extraction  of  raw  stock, 

2.914 

1.505 

% 

Combined  sulfur,  left  by  cold  extraction  of  raw 

1.09 

0.44 

stock,  % 

0.05 

0.19 

Thus,  with  the  present  bromine  method  the  “free  sulfur” 
determined  is  actually  the  elemental  sulfur  plus  a  more  or  less 
indefinite  fraction  of  the  sulfur  in  the  accelerator  molecule 
and  minus  the  sulfur  lost  in  cure  during  extraction.  There¬ 
fore,  the  definition  given  for  free  sulfur  and  the  method  given 
for  its  determination  are  incompatible,  and  until  the  definition 
is  changed  to  remove  its  ambiguity  and  the  method  changed 
to  fit  the  revised  definition,  the  rubber  analyst  is  left  in  a 
rather  embarrassing  position  with  regard  to  this  very  im¬ 
portant  determination. 
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Correction.  In  the  article  “A  Thermionic  Titrimeter  with¬ 
out  Batteries,”  by  Willard  and  Hager,  which  was  published  in  the 
Analytical  Edition  for  March  15,  1936,  the  sentence  beginning 
at  the  bottom  of  page  144  and  running  over  to  the  top  of  page  145 
should  read  as  follows:  “Since  the  power  requirements  are  low, 
any  good  radio  power  transformer  designed  for  midget  sets  and 
capable  of  delivering  10  ma.  at  220  volts  for  the  plates  of  the 
tubes  and  2  amperes  at  2.5  volts  for  the  heater  will  be  satisfac¬ 
tory.”  The  third  sentence  in  the  second  paragraph  under  the 
heading  “Variable  Resistor”  in  the  same  column  should  read: 
“The  settings  of  R3  and  /m  have  no  bearing  on  the  accuracy  or 
sensitivity  of  the  titrimeter,  but  the  values  of  R3  and  R*  for  maxi¬ 
mum  sensitivity  depend  on  the  effective  resistance  of  the  tubes 
and  of  the  meter.  ...” 


Iodometric  Determination  of  Maltose 

A  Rapid  and  Convenient  Semi-micromethod  for  Determining  Maltose 

in  Studies  of  Amylase  Action 


M.  L.  CALDWELL,  S.  E.  DOEBBELING,  AND  S.  H.  MANIAN 
Department  of  Chemistry,  Columbia  University,  New  York,  N.  Y. 


T^HE  method  briefly  presented  here  for  the  iodometric 
1  determination  of  reducing  sugar  formed  in  the  hydrolysis 
>f  starch  by  amylases  was  developed  to  meet  the  special 
equirements  of  studies  of  amylase  action  in  the  presence  of 
ieavy  water  (< 5 )  but  has  proved  convenient  for  more  general 
lse  with  these  enzymes.  The  method  is  accurate,  precise, 
md  rapid,  requires  relatively  small  volumes  of  solutions  and 
10  elaborate  apparatus,  and  is  suited  to  work  with  different 
imylases.  This  is  shown  by  the  quantitative  recovery  of 
naltose  from  starch  dispersions  of  different  electrolyte  con- 
:entrations  and  hydrogen-ion  activities  adjusted  to  the  condi- 
ions  which  favor  the  action  of  pancreatic  amylase  (11)  on  the 
>ne  hand  and  of  the  amylases  of  barley  malt  (4,  12)  on  the 
>ther.  The  method  is  especially  recommended  for  work  with 
ieavy  water,  in  which  the  recovery  of  the  heavy  water  is  an 
mportant  consideration,  as  its  dilution  with  reagents  is  kept 
datively  low  and  its  evaporation  is  decreased  by  the  omission 
>f  such  steps  as  boiling  and  filtering  which  are  encountered 
n  many  other  procedures. 

Previous  investigators  have  emphasized  the  importance  to 
luantitative  interpretation  of  controlling  the  hydrogen-ion 
ictivity  of  the  solutions  during  the  oxidation  of  sugar  by  iodine 
1-3,  6-8)  and  have  proposed  the  use  of  suitable  buffers 
2,  3,  7, 8) .  This  principle  has  been  successfully  applied  in  the 
nicromethod  recently  developed  by  Linderstrpm-Lang  and 
loiter  (7)  for  the  determination  of  minute  amounts  of  reduc- 
ng  sugar  in  microstudies  of  amylase  action  and  has  been 
ncorporated  in  the  method  described  here.  The  present 
■eport  does  not  introduce  new  theoretical  principles  but  unites 
n  one  convenient  procedure  conditions  which  have  been  found 
mportant  by  different  workers. 

Determination  of  Reducing  Sugar 

Reagents.  A  buffer  solution  (7)  was  prepared  by  mixing  5 
.•olumes  of  0.2  M  sodium  carbonate  and  1  volume  of  0.4  M  hydro¬ 
chloric  acid.  The  sodium  carbonate  was  purchased  in  the  form 
if  a  highly  purified  and  analyzed  product  and  used  without  fur- 

Sfier  purification. 

0.05  M  iodine  in  2.4  per  cent  potassium  iodide  (14),  0.6  M  sul- 
uric  acid,  0.05  M  sodium  thiosulfate,  and  1  per  cent  starch  dis- 
lersion  as  indicator. 

Procedure.  Five  cubic  centimeters  of  the  buffer  solution  are 
i  oipetted  into  a  250-cc.  glass-stoppered  Erlenmeyer  flask.  One 
ubic  centimeter  of  the  sugar  solution  (starch-hydrolysis  mixture) 

■  o  be  analyzed  is  pipetted  into  the  buffer  solution  in  the  flask  and 
mmediately  treated  with  2  cc.  of  0.05  M  iodine  solution  which  is 
idded  from  a  long-tipped  automatic  buret  graduated  to  0.01  cc. 
\fter  gentle  rotation  to  insure  thorough  mixing,  the  solution  is 
illowed  to  stand  in  the  tightly  stoppered  flask  in  the  dark  at  room 
,  .emperature  for  30  minutes  for  the  oxidation  of  the  sugar.  Varia¬ 
tions  in  room  temperature  from  23°  to  29°  do  not  appreciably 
nfluence  the  results.  The  time  allowed  for  the  oxidation  of  the 
sugar  is,  however,  important  and  should  be  kept  constant.  At 
he  end  of  30  minutes,  5  cc.  of  0.06  M  sulfuric  acid  are  added 
rom  a  buret  in  such  a  manner  as  to  wash  down  the  sides  of  the 
lask  and  mix  gently  but  thoroughly  with  the  solution.  The 
*xcess  iodine  is  immediately  titrated  with  0.05  M  thiosulfate 
■  vhich  is  added  from  an  automatic  long-tipped  buret  graduated 
o  0.02  cc.  If  no  starch  is  present,  1  or  2  drops  of  a  1  per  cent 
;tarch  dispersion  are  added  as  indicator.  The  difference  between 
fie  volume  of  thiosulfate  required  to  reduce  2  cc.  of  the  original 
odine  solution,  treated  as  described  above,  and  that  required  for 
he  iodine  which  remains  after  the  oxidation  of  the  sugar  repre¬ 


sents  the  iodine  reduced  by  the  sugar  and,  hence,  gives  the  equiva¬ 
lent  of  maltose  present  in  the  solution. 

The  data  presented  here  indicate  that  the  maltose  is 
quantitatively  oxidized  under  the  prescribed  conditions  (pH 
approximately  9.9)  to  the  corresponding  monobasic  acid 
according  to  the  following  equation : 

CaHaOu  +  I2  +  3NaOH  — >  Ci2H2l012Na  +  2NaI  +  2H20 

With  the  type  of  buret  suggested,  approximately  1  minute 
is  required  to  combine  the  sugar  solution  with  the  buffer 
and  the  iodine,  while  2  minutes  are  sufficient  for  the  addition 
of  the  sulfuric  acid  and  the  titration  with  the  thiosulfate. 
This  makes  it  possible  to  obtain  measurements  of  maltose  at 
frequent  intervals,  2  or  3  minutes  apart,  and  enables  one  to 
follow  the  course  of  the  formation  of  maltose  throughout  the 
hydrolysis  of  starch  by  amylase  or  to  obtain  strictly  com¬ 
parable  measurements  of  the  action  of  a  given  enzyme  solu¬ 
tion  upon  different  substrates  hydrolyzed  side  by  side.  In 
cases  where  frequent  sampling  of  hydrolysis  mixtures  is 
desired,  the  aliquots  of  the  buffer  solution  are  pipetted  into 
the  glass-stoppered  Erlenmeyer  flasks  before  the  enzyme 
hydrolyses  are  started. 

Accuracy.  The  accuracy  of  the  method  was  established 
by  the  use  of  a  purified  sample  of  maltose.  It  was  found 
to  contain  94.9  per  cent  of  maltose  when  examined  by  the 
gravimetric  copper-reduction  method  of  Quisumbing  and 


.2  A  .6  -8  1.0  1.2  1.4  1.6  1.8 

Maltose  Solution  in  cc. 

Figure  1.  Recovery  of  Maltose  from  Its  Aqueous 
Solutions 

Data  represent  thiosulfate  equivalent  to  the  iodine  reduced  by  the 
maltose.  Circles  show  experimental  values;  solid  line,  the  stoi¬ 
chiometric  values. 

The  maltose  solution  contained  approximately  20  mg.  of  anhydrous 
maltose  per  cc.  The  thiosulfate  solution  was  0.0516  M  (1  cc.  was 
equivalent  to  0.0877  mg.  of  anhydrous  maltose). 


181 


182 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  3 


Thomas  (9);  95.1  per  cent  of  maltose  when  examined  for 
specific  rotatory  power,  [a]2,?  =  131.29°  (10);  and  94.9 
per  cent  of  maltose  when  examined  by  the  method  outlined 
here. 

Precision.  The  precision  or  reproducibility  of  the  method 
is  shown  by  the  following  typical  data:  Eight  aliquot  por¬ 
tions  of  1  cc.  each  of  a  maltose  solution  which  contained 
approximately  20  mg.  of  maltose  per  cc.  were  treated  as  de¬ 
scribed  above.  The  0.05  M  thiosulfate  required  to  reduce  the 
excess  of  iodine  which  remained  after  the  oxidation  of  the 
sugar  in  the  different  aliquots  was  2.11,  2.11,  2.11,  2.11,  2.10, 
2.11,  2.11,  and  2.11  cc.  (0.01  cc.  of  the  thiosulfate  solution 
used  was  equivalent  to  0.085  mg.  of  anhydrous  maltose). 

Limits  of  Concentration  of  Maltose.  The  stoichio¬ 
metric  relationship  between  maltose  and  iodine  given  above 
was  established  with  1-cc.  portions  of  aqueous  solutions  of 
maltose  which  contained  approximately  20  mg.  of  maltose 
per  cc.  By  taking  the  experimental  thiosulfate  equivalent 
of  1-cc.  portions  of  such  maltose  solutions  as  100  per  cent 
recovery  of  maltose,  it  was  found  that  the  method  outlined 
here  may  be  used  for  the  quantitative  determination  of 
maltose  up  to  25  mg.  This  is  shown  by  the  experimental 
data  and  calculated  values  given  in  Table  I  and  in  Figure  1. 
When  not  more  than  25  mg.  of  maltose  are  considered,  the 
average  deviation  of  the  differences  between  the  experimental 
and  stoichiometric  values  (columns  3  and  4,  Table  I)  is 
0.01  cc.  of  the  thiosulfate  solution,  equivalent  to  0.0877  mg. 
of  anhydrous  maltose.  Therefore  the  method  is  suitable  for 
the  determination  of  the  amounts  of  maltose  which  are 
theoretically  obtainable  from  1-cc.  portions  of  reaction  mix¬ 
tures  resulting  from  the  hydrolysis  of  1  or  2  per  cent  starch. 

Determination  of  Maltose  in  the  Presence  of  Starch 
and  Its  Hydrolysis  Products.  In  the  study  of  amylase 
action  it  is  important  to  use  a  method  for  the  determination 
of  reducing  sugar  which  gives  quantitative  results  in  the 
presence  of  starch  and  its  other  hydrolysis  products,  which 
may  be  present  in  the  reaction  mixtures  in  any  proportions 
depending  upon  the  conditions  of  the  amylase  experiments. 
The  procedure  outlined  above  fulfills  these  requirements. 
The  typical  data  summarized  in  Table  II  show  that  the 
presence  of  2  per  cent  starch  and  of  the  electrolytes  and 
hydrogen-ion  activities  which  favor  the  action  of  pancreatic 
amylase  on  the  one  hand  (11)  and  of  the  amylases  of  barley 
malt  on  the  other  (4)  do  not  interfere  with  the  accurate  de¬ 
termination  of  maltose  and  justify  the  use  of  the  method  for 
the  study  of  different  amylases  which  act  upon  starch  adjusted 
to  widely  different  conditions  (4,  11)-  Moreover,  the  data 
summarized  in  Table  III  show  that  maltose  was  quantita- 


Table  I.  Recovery  of  Maltose  from  Aqueous  Solutions 
of  Known  Concentration 


Thiosulfate  Equivalent 

Thiosulfate  to  Maltose  Oxidized  Maltose  Recovered 


Maltose 

for 

Experi¬ 

Stoichio¬ 

Experi¬ 

Stoichio¬ 

Solution 

Residual 

mental 

metric 

mental 

metric 

Used 

Iodine 

value 

value 

value1* 

value 

Ce. 

Cc. 

Cc. 

Cc. 

Mg. 

Mg. 

None 

4.07 

0.00 

0.00 

0.00 

0.00 

0.1 

3.85 

0.22 

0.23 

1.93 

2.03 

0.2 

3.61 

0.46 

0.46 

4.03 

4.05 

0.3 

3.40 

0.67 

0.69 

5.88 

6.08 

0.4 

3.14 

0,93 

0.92 

8.16 

8.10 

0 . 5 

2.90 

1.17 

1.16 

10.26 

10.13 

0  6 

2.65 

1.42 

1.39 

12.45 

12.16 

0.7 

2.44 

1.63 

1.62 

14.30 

14.18 

0.8 

2.22 

1.85 

1.85 

16.22 

16.21 

0.9 

2.00 

2.07 

2.08 

18.15 

18.14 

1.0 

1.76 

2.31 

2.31 

20.26 

20.26 

1.1 

1.52 

2 . 55 

2.54 

22.36 

22.29 

1.2 

1.30 

2.77 

2.77 

24.29 

24.31 

1  3 

1.12 

2.95 

3.00 

25.87 

26.34 

1.5 

0.75 

3.32 

3.47 

29.12 

30.39 

1.7 

0.55 

3.52 

3.93 

30.87 

34.44 

1.9 

0.42 

3.65 

4.39 

32.01 

38.49 

2.1 

0.30 

3.77 

4.85 

33.06 

42.55 

a  1  cc.  of  the  thiosulfate  solution 

was  equiv 

alent  to  8.77 

mg.  of  maltose 

anhydride. 


tively  accounted  for  when  it  was  superimposed  upon  reaction 
mixtures  obtained  at  different  stages  of  the  hydrolysis  of 
starch,  in  the  presence  of  different  concentrations  and  pro¬ 
portions  of  its  hydrolysis  products.  This  justifies  the  use 
of  the  method  to  follow  the  course  of  the  formation  of  maltose 
from  starch  throughout  its  hydrolysis  by  amylase. 


Table  II.  Determination  of  Maltose  in  Presence  of  2 
Per  Cent  Starch  Adjusted  to  Conditions  Which  Favor  Ac¬ 
tion  of  Different  Amylases 


(Data  expressed  in  ce.  of  0.05  M  thiosulfate  required  for  reduction  of  excess 

iodine) 


a  f, 


1  cc.  of  maltose  solution,  alone  1.89 

1  cc.  of  2  per  cent  starch,  alone  4.36  4.36 

1  cc.  of  2  per  cent  starch  +  1  cc.  of  maltose  solution  1.88  1.88 
0.5  cc.  of  maltose  solution,  alone  .  .  .  .  3  la 

1  cc.  of  2  per  cent  starch  +  0.5  cc.  of  maltose  solution  3.08  3.07 


a  2  per  cent  starch  adjusted  to  pH  7.1;  0.01  M  phosphate;  0.025  M  sodium 
chloride;  conditions  which  favor  the  action  of  pancreatic  amylase  (11). 

b  2  per  cent  starch  adjusted  to  pH  4.5;  0.01  M  acetate;  conditions  which 
favor  the  action  of  the  amylases  of  barley  malt  (4). 


In  this  connection,  it  is  of  interest  to  note  that  there  is 
good  agreement  in  the  values  obtained  for  reducing  sugar 
(calculated  to  maltose)  formed  in  the  hydrolysis  of  starch 
by  amylase  when  comparable  reaction  mixtures  are  analyzed 
by  the  method  described  above  and  by  the  gravimetric  copper- 
reduction  procedure  heretofore  generally  employed  in  this 
laboratory  (11,  IS).  In  a  typical  case,  proportionate  volumes 
of  a  solution  of  pancreatic  amylase  reacted  with  100-ec.  and 
5-cc.  portions  of  2  per  cent  buffered  (11)  starch.  At  the  end 
of  30  minutes,  the  100-cc.  digestion  mixtures,  when  examined 
by  the  gravimetric  method,  yielded  270  mg.  of  maltose,  while 
1-cc.  aliquots  of  the  5-cc.  reaction  mixture  gave  2.79  mg.  of 
maltose  per  cc.  when  analyzed  by  the  procedure  described 
here. 

Table  III.  Recovery  of  Maltose 

(When  superimposed  on  reaction  mixtures  at  different  stages  of  the  hydrolysis 
of  starch  by  pancreatic  amylase) 

Thiosulfate  for  Residual  Iodine 


Time  of 
Hydrolysis 
of  Starch 
by  Amylase 

Reaction 

mixture 

alone 

Reaction 
mixture 
plus  1  cc.  of 
maltose 
soln.“ 

Difference' 

Min 

Cc. 

Cc. 

Cc. 

10 

3.00 

1.96 

1.04 

20 

2.77 

1.76 

1.01 

45 

2.59 

1.58 

1.01 

60 

2.52 

1.51 

1.01 

120 

2.48 

1.43 

1.05 

a  1  cc.  of  this  maltose  solution  alone  was  equivalent  to  1.01  cc.  of  the  thio¬ 
sulfate  solution. 

Determination  of  Maltose  in  Presence  of  Heavy 
Water.  Equal  weights  of  maltose  were  dissolved  in  100 
per  cent  purified  heavy  water  (5)  and  in  redistilled  ordinary 
water  and  analyzed  by  the  above  procedure  with  the  follow¬ 
ing  results,  given  in  cubic  centimeters  of  0.05  M  thiosulfate 
required  for  the  excess  iodine  in  eacD  case: 

Reagents  alone  plus  1  cc.  of  ordinary  water  (blank)  _  4.07,  4.0/ 

Reagents  alone  plus  1  cc.  of  100  per  cent  heavy  water  (5) 

(blank)  >  ...  4. 07,  4.0< 

1  cc.  of  a  solution  of  maltose  dissolved  in  ordinary  water  2.13,  2.1-3 

1  cc.  of  a  solution  of  maltose  dissolved  in  100  per  cent  heavy 

water  (5)  2.13,  2.12 

These  data  make  it  evident  that  the  method  outlined  here 
may  be  used  for  the  determination  of  maltose  in  the  presence 
of  heavy  water. 

Summary 

A  rapid  and  convenient  method  for  the  quantitative  de¬ 
termination  of  reducing  sugar  (maltose)  formed  in  the 
hydrolysis  of  starch  by  amylases  is  briefly  described.  It  is 
especially  recommended  for  studies  of  amylase  action  in  the 
presence  of  heavy  water. 
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Determination  of  Phosphorus  in  Stainless  Steels 

A  Rapid  Method  Using  Perchloric  Acid 


CHARLES  D.  SUSANO1  AND  J.  H.  BARNETT,  JR.,2  Knoxville,  Tenn. 


IN  THE  course  of  recent  months,  the  materials  testing 
laboratories  of  the  Tennessee  Valley  Authority  have 
been  called  upon  to  make  a  large  number  of  analyses  of  stain- 
ess  steels.  Particular  stress  was  placed  upon  the  rapidity 
pvith  which  the  analyses  could  be  made.  The  analysis  in 
general  presented  no  unusual  difficulties,  but  since  time  was 
in  important  factor,  a  more  rapid  method  for  the  determina¬ 
tion  of  phosphorus  was  sought  to  replace  the  one  now  in 
general  use.  The  method  now  used  requires  the  action  of  hy- 
irochloric-nitric  acid  mixture  to  effect  solution  of  the  sample, 
oxidation  of  phosphides  to  phosphate,  and  the  subsequent 
-emoval  of  hydrochloric  acid,  at  best  a  time-consuming  opera¬ 
tion  fraught  with  many  difficulties. 

Perchloric  acid  (60  per  cent)  was  found  to  be  suitable  for 
replacing  the  above-mentioned  acid  mixture,  thus  eliminating 
the  necessity  of  removal  of  hydrochloric  acid.  It  is  known 
that  perchloric  acid  interferes  neither  with  the  precipitation 
jf  ammonium  phosphomolybdate  nor  with  its  estimation  by 
ilkalimetric  methods  (6).  It  is  shown  below  that  phosphides 
in  steel  are  completely  oxidized  to  phosphate  by  the  action  of 
hot  60  per  cent  perchloric  acid.  The  use  of  weaker  concen¬ 
trations  of  perchloric  acid  is  not  recommended.  Lundell 
advises  that  from  10  to  15  per  cent  of  the  phosphorus  may  be 
lost  if  a  50  per  cent  acid  is  used  (5) . 

The  speed  of  the  method  lies  in  obviating  the  necessity  of 
removing  chlorides  and  in  circumventing  oxidation  by  nitric 
acid  and  potassium  permanganate  as  practiced  in  the  normal 
phosphorus  procedure  (4)-  It  is  known  that  perchloric  acid 
may  be  used  for  the  removal  of  chlorides,  when  present,  as 
hydrochloric  acid  in  phosphorus  determinations  (7),  but  the 
power  of  perchloric  acid  to  oxidize  phosphides  to  phosphate 
has  apparently  not  been  described.  The  authors’  conclusions 
with  regard  to  the  accuracy  and  the  precision  of  the  suggested 
method  are  based  on  the  results  of  repeated  analyses  of  several 
Bureau  of  Standards  samples  and  a  comparison  with  the  certi¬ 
fied  values  given  therewith.  The  data  given  below  show  close 
agreement  with  Bureau  of  Standards  phosphorus  values. 

To  show  that  perchlorates  do  not  interfere  with  the  pre¬ 
cipitation  of  ammonium  phosphomolybdate,  a  series  of  deter¬ 
minations  on  pure  diammonium  phosphate  was  made  in  the 
presence  of  normal  concentrations  of  perchloric  acid.  The 
results  (Table  III)  gave  close  checks  with  the  calculated 
theoretical  phosphorus  content  of  the  salt  in  each  case.  In 
the  determination  of  phosphate  in  iron  ore,  Willard  has 
substituted  perchloric  acid  for  nitric  acid  in  the  procedure  for 
the  removal  of  chlorides  after  silica  dehydration.  He  re- 

1  Tennessee  Valley  Authority,  Knoxville,  Tenn. 

2  Present  address,  The  Reilly  Tar  &  Chemical  Corp.,  Chattanooga,  Tenn. 


ports  that  the  presence  of  perchloric  acid  introduces  no  error 

(11). 

In  this  laboratory,  this  method  has  resulted  in  more  than 
50  per  cent  saving  in  operator’s  time  in  the  analysis  of  stain¬ 
less  steels.  Fewer  losses  by  splattering  occur  and,  in  general, 
greater  accuracy  has  been  obtained. 

While  60  per  cent  perchloric  acid  is  among  the  more  ex¬ 
pensive  analytical  reagents,  the  saving  in  operator’s  time 
more  than  compensates  for  the  additional  cost.  The  cost  of 
the  chemicals  for  this  method  amounts  to  approximately  7 
cents  per  determination. 

Experimental 

Reagents.  The  reagents  for  this  method  are  essentially 
those  required  in  the  normal  determination  of  phosphorus  in 
steel,  plus  60  per  cent  reagent  grade  perchloric  acid  ( 1 ). 

Procedure 

To  a  2. 00-gram  sample  placed  in  a  500-ml.  Erlenmeyer  flask, 
add  20  ml.  of  60  per  cent  perchloric  acid  and  warm  to  effect 
complete  solution.  Cover  with  a  funnel,  the  stem  of  which 
has  been  removed,  and  boil  for  30  minutes  or  until  the  chromium 
is  completely  oxidized.  Here  a  modified  still  head,  as  described 
by  Smith,  may  be  used  to  advantage  (8).  The  solution  should 
be  a  deep  red  to  brown  color.  Cool,  dilute  to  100  ml.,  and  add 
ammonium  hydroxide  (specific  gravity  0.90)  until  a  slight  pre¬ 
cipitate  is  formed.  Approximately  12.5  ml.  will  be  required. 
Dissolve  the  brown  precipitate  by  the  addition  of  nitric  acid 
(specific  gravity  1.20).  Here  20  to  25  ml.  will  suffice.  Add  1  to 
5  ml.  of  1  to  10  ammonium  bisulfite,  sufficient  to  reduce  the 
chromium  and  vanadium  present  (ferrous  sulfate  may  be  used 
for  this  reduction).  Boil  to  remove  nitrous  oxide  fumes  and  free 
chlorine  (2).  Allow  the  solution  to  cool  slightly,  add  50  ml.  of 
ammonium  molybdate  solution,  and  agitate  for  5  minutes. 
Allow  the  precipitate  to  settle  at  room  temperature  for  2  hours 
or  more. 

Filter  the  yellow  precipitate  and  wash  from  the  containing 
vessel,  first  with  2  per  cent  nitric  acid  five  to  ten  times  to  remove 
iron  salts,  and  subsequently  with  2  per  cent  potassium  nitrate 
solution  until  the  filtrate  is  no  longer  acid  to  litmus  paper.  Place 
the  precipitate  with  the  filter  paper  in  the  original  precipitation 
vessel,  dilute  with  about  50  cc.  of  water,  and  then  add  8  drops  of 
phenolphthalein  indicator.  Add  an  excess  of  standard  sodium 
hydroxide  solution  and  agitate  to  effect  complete  solution  of 
the  yellow  precipitate.  Titrate  the  excess  of  alkali  with  standard 
acid  solution. 

If  the  standard  solutions  are  adjusted  to  0.149  N,  1  ml. 
of  alkali  consumed  by  the  yellow  precipitate  will  be  equivalent 
to  0.01  per  cent  of  phosphorus  in  the  original  2.00-gram 
sample.  The  alkali  was  standardized  against  Bureau  of 
Standards  potassium  acid  phthalate.  The  acid  was  then, 
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in  turn,  standardized  against  the  alkali  and  the  theoretical 
factor  (1  to  23)  was  used  in  the  titrations  according  to  the 
reaction  (4) 


(NH4)3P04(MoO.,)i2  +  23NaOH  = 

Na2Mo04  +  NaNH4HP04  +  11H20  +  (NH4)2Mo04 


Discussion  and  Notes  on  Procedure 

The  presence  of  vanadium  in  quantities  up  to  0.25  per  cent 
seems  to  present  no  difficulty  in  this  method  since  it  appears 
in  the  precipitation  reaction  in  the  reduced  state.  If,  how¬ 
ever,  the  operator  fails  to  reduce  this  element,  error  will  be 
admitted  in  the  form  of  apparent  high  phosphorus  percent¬ 
age.  Bureau  of  Standards  samples,  No.  73  stainless  steel, 
No.  101  18-8  chrome-nickel  steel,  and  No.  30c  chrome-vana¬ 
dium  steel,  all  contain  vanadium  in  appreciable  quantities, 
yet  the  results  in  Table  I  are  in  keeping  with  the  certified 
phosphorus  values. 

The  quantity  of  silicon  normally  encountered  in  stainless 
steels  failed  to  affect  the  results  noticeably  when  alkali- 
metric  methods  were  used  in  the  final  estimation.  Gravi¬ 
metric  procedures,  of  course,  call  for  the  removal  of  silica 
before  precipitation  and  this  may  be  readily  done  when  per¬ 
chloric  acid  is  used  for  initial  solution,  since  silica  appears  in 
its  most  tractable  form  when  dehydrated  with  this  acid. 
In  fact,  silicon  may  be  determined  by  the  Willard  and  Cake 
method  (12)  on  the  same  sample  originally  weighed  for 
phosphorus. 

Smith  and  Goehler  have  proved  that  vacuum-distilled 
perchloric  acid  is  free  from  phosphorus  (9).  Blank  deter¬ 
minations  of  perchloric  acid  used  in  these  tests  confirmed  their 
findings.  It  is  therefore  unnecessary  to  run  blank  deter¬ 
minations  if  it  is  known  that  the  perchloric  acid  is  purified  by 
vacuum  distillation. 

For  plain  carbon  steels  (Tables  I  and  II)  this  method  may 
also  be  applied.  The  authors’  conclusions  in  regard  to  its 
use  in  the  analysis  of  plain  carbon  steels  have  been  confirmed 
in  parallel  tests  by  Willard  and  Delp  (10).  Likewise,  high- 
phosphorus  iron  may  be  analyzed.  Nothing  will  be  gained, 
however,  by  the  use  of  perchloric  acid  in  the  analysis  of  anj 
material  which  is  normally  soluble  in  nitric  acid. 

An  effort  was  made  to  eliminate  the  neutralization  of  per¬ 
chloric  acid  by  ammonia  and  the  reacidification  with  nitric 
acid  by  the  addition  of  ammonium  nitrate  directly  to  the 
reaction  mixture.  The  results  were  not  consistently  good. 

The  method  seems  applicable  to  phosphorus  concentrations 
over  a  wide  range.  Bureau  of  Standards  sample  No.  56, 
brown  phosphate  rock,  was  checked  by  this  method  and  the 
results  were  comparable  with  those  obtained  by  the  usual 
alkalimetric  method  (3). 

The  analysis  of  several  Bureau  of  Standards  samples 
indicates  that  the  accuracy  and  precision  of  the  method  using 
perchloric  acid  is  good.  Table  I  shows  results  obtained  with 
the  perchloric  acid  method  using  acid-alkali  titration. 


Table  I.  Results  with  Perchloric  Acid  Method 


Certified 

Number  of 

Phos¬ 

Bureau  of  Standards 
Sample 

Determina¬ 

tions 

phorus 

Value 

Phosphorus  Found 
Average  High  Low 

% 

% 

% 

% 

No.  73  stainless  steel 

4 

0.023 

0.023 

0.024 

0.022 

No.  101  18-chromium  8-nickel 
steel 

No.  8d  bessemer  steel 

No.  20c  A.  O.  H.  steel 

3 

0.011 

0.011 

0.012 

0.010 

3 

3 

0.099 

0.044 

0.097 

0.042 

0.098 

0.043 

0.096 

0.042 

No.  30c  chrome-vanadium 
steel 

No.  7c  east  iron 

4 

0.019 

0.019 

0.022 

0.018 

3 

0.78 

0.80 

0.80 

0.80 

Table  II  gives  the  results  of  analyses  performed  in  the  same 
manner  as  given  above,  except  that  the  phosphorus  is  deter¬ 
mined  finally  as  in  the  usual  gravimetric  method  by  precipita¬ 


tion  as  magnesium  ammonium  phosphate  and  ignition  to  the 
pyrophosphate. 

Table  II.  Determination  of  Phosphorus 

Certified 


Number  of 

Phos¬ 

Bureau  of  Standards 

Determina¬ 

phorus 

Phosphorus  Found 

Sample 

tions 

Value 

Average 

High 

Low 

% 

% 

% 

% 

No.  8d  bessemer  steel 

3 

0.099 

0.105 

0.108 

0.101 

No.  20c  A.  O.  H.  steel 

2 

0.044 

0.042 

0.042 

0.042 

The  results  of  several  aliquots  of  pure  diammonium  phos¬ 
phate  are  given  in  Table  III.  In  each  case  the  aliquot  was 
equivalent  to  0.235  mg.  of  phosphorus,  a  quantity  in  the  same 
order  as  those  quantities  occurring  in  the  Bureau  of  Stand¬ 
ards  samples  used  in  this  investigation. 

Table  III.  Results  with  Pure  Diammonium 


Phosphate 

Number  of 

Phos¬ 

Determina¬ 

phorus 

Phosphorus  Found 

Sample 

tions 

Present 

Average 

High 

Low 

% 

% 

% 

% 

(NH4)2HP04 

5 

0.235 

0.232 

0.235 

0.226 

It  is  likely  that  this  method  may  be  applied  to  the  analysis 
of  phosphor-bronze  with  considerable  savings  in  operator’s 
time.  Work  on  such  a  method  is  now  in  progress  in  this 
laboratory. 

Summary 

The  phosphorus  content  of  difficultly  soluble  steels,  such 
as  stainless  steels,  may  be  quickly  determined  by  dissolving 
and  subsequently  boiling  the  sample  in  60  per  cent  perchloric 
acid  before  subjecting  it  to  normal  analytical  procedures. 
Perchlorates  do  not  interfere  with  the  determinations  of 
phosphorus  either  in  volumetric  or  gravimetric  methods. 
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Bituminous  Plastics 

Determination  of  Flow  Properties 

R.  N.  TRAXLER 

The  Barber  Asphalt  Company,  Maurer,  N.  J. 


MONG  bituminous  tech¬ 
nologists  the  terms  “plas- 
ic”  and  “plastic  cement”  are 
isually  reserved  for  three-phase 
■(impounds  made  up  of  bitumen, 
olvent,  and  filler.  In  most  cases 
he  latter  is  composed  of  fibrous 
material,  either  alone  or  in  com¬ 
bination  with  a  granular  mineral 
)Owder.  However,  in  the  dis- 
ussion  to  follow,  a  bituminous 
ilastic  will  be  considered  as  any 
(,sphaltic  material  which  shows 
.  definite  deviation  from  viscous 
■low — i.  e.,  exhibits  a  curvilinear 
elationship  between  flow  and 
hearing  stress.  These  sub- 
tances  may  or  may  not  possess 
n  apparent  yield  value,  but  they  all  exhibit,  in  varying  de- 
;rees,  elasticity,  thixotropy,  and  comparatively  great  resist- 
nce  to  deformation.  The  more  highly  filled  materials  fre¬ 
quently  show  the  phenomenon  of  dilatancy  (20) . 

Karrer  (12)  in  a  discussion  of  plasticity  mentions  the  pre- 
ailing  tendency  to  classify  materials  by  the  manner  in  which 
hey  may  be  plasticized.  If  such  a  classification  is  employed, 
he  bituminous  materials  to  be  discussed  must  be  described 
[Is  thermoplastics  because  they  are  workable  and  moldable 
yhen  hot.  Cameron  and  Lineberry  (4)  suggested,  however, 
hat  the  term  “plasticity”  be  applied  only  to  dispersed  sys- 
ems  in  which  at  least  one  component  is  a  film-forming  liquid, 
’his  definition  describes  most  bituminous  plastics. 

Methods  for  Studying  Flow  Properties 


its  original  ‘height.  These 
results  indicate  that  the  yield 
value  ascribed  to  many  bitu¬ 
minous  materials  may  be  a 
fictitious  value  obtained  through 
the  use  of  insufficient  data. 

Careful  measurement  with 
this  instrument  indicated  that 
even  highly  filled  compounds, 
containing  as  little  as  10  or  12 
per  cent  bitumen,  do  not  pos¬ 
sess  a  true  yield  value.  Never¬ 
theless,  valuable  comparisons 
of  various  mixtures  may  be 
obtained  by  calculating  an 
apparent  yield  value  for  each 
compound  from  the  deforma¬ 
tions  occurring  during  the  course 
of  one  or  two  hours  in  the  plastometer. 

The  parallel-plate  plastometer  in  a  modified  form  was  also 
used  to  obtain  information  concerning  the  elastic  properties 
of  mixtures  of  sand,  mineral  powder,  and  bitumen,  in  which  the 
latter  is  present  only  to  the  extent  of  10  per  cent  by  weight. 
A  rather  large  force  was  applied  to  the  briquet  of  plastic 
material  for  a  length  of  time  sufficient  to  cause  complete 
elastic  compression  without  appreciable  permanent  deforma¬ 
tion.  The  load  was  then  carefully  but  quickly  raised  and  the 
instantaneous  recovery  in  sample  height  noted.  After  several 
minutes  the  upper  plate  of  the  plastometer  was  again  lowered 


Table  I.  Flow  of  Slate-Bitumen  Mixture  in  Parallel- 
Plate  Plastometer 


The  complicated  flow  properties  of  bitu¬ 
minous  plastics  probably  cannot  be  satis¬ 
factorily  evaluated  by  any  single  method 
discussed.  On  account  of  the  number  of 
variables  encountered  and  the  varying  de¬ 
grees  in  which  each  property  may  appear, 
absolute  values  will  be  difficult  or  im¬ 
possible  to  attain.  However,  this  fact 
should  not  discourage  the  investigator  from 
employing  any  of  the  methods  of  rheology, 
since  only  by  means  of  such  approaches 
can  a  clear  understanding  of  the  behavior 
of  bituminous  plastics  under  service  condi¬ 
tions  be  acquired. 


Several  distinctly  different  methods  for  obtaining  informa- 
ion  concerning  the  flow  properties  of  bituminous  materials 
ave  been  used  recently  in  this  laboratory.  Although  some  of 
he  methods  were  not  thoroughly  explored,  valuable  infor- 
lation  concerning  the  nature  of  the  flow  of  asphaltic  materials 
.'as  obtained  by  the  various  approaches. 

A  parallel-plate  plastometer  similar  to  that  described  by 
’eek  (17)  was  employed  to  study  the  flow  properties  of  viscous 
itumens  filled  with  large  amounts  of  pulverized  minerals, 
n  this  machine  a  constant  load  is  applied  to  a  small  briquet 
f  the  plastic  material,  and  the  rate  of  movement  in  the  sample 
j  followed  by  means  of  an  Ames  dial.  The  graphical  method 
f  treating  the  data  advocated  by  Peek  was  tedious  if  a  large 
umber  of  mixtures  was  to  be  investigated.  For  some  pur- 
|  joses  the  more  rapid  method  of  treatment  proposed  by  Mail¬ 
ing  (14)  should  be  satisfactory. 

A  mixture  made  up  of  39  per  cent  by  volume  of  pulverized 
late  and  61  per  cent  by  volume  of  a  soft  bitumen  (48  seconds 
oat  at  150°  F.  or  65.6°  C.)  was  cast  in  the  form  of  a  cylinder 
.540  cm.  in  diameter  and  0.793  cm.  high.  This  sample  was 
laced  in  the  parallel-plate  plastometer  at  25°  C.  and  sub- 
Jcted  to  a  load  of  11,500  grams  for  336  hours  (1,209,600 
econds).  By  analyzing  the  data  obtained  during  the  first 
wo  or  three  hours  by  the  graphical  method  mentioned,  a  yield 
alue  of  approximately  360,000  dynes  per  sq.  cm.  was  ob- 
ained  for  this  slate-bitumen  mixture.  However,  as  shown  by 
be  data  in  Table  I,  the  mixture  was  still  flowing  after  336 
ours  had  elapsed  and  when  the  sample  was  45  per  cent  of 


Height  of 

Height  of 

Height  of 

Time3 

Sample 

Time3 

Sample 

Time3 

Sample 

Sec. 

Cm. 

Sec. 

Cm. 

Sec. 

Cm. 

0 

0.7930 

80 

0 . 4022 

258,000 

0.3622 

5 

0.4670 

210 

0.3862 

600,000 

0.3587 

10 

0.4480 

600 

0.3782 

885,600 

0.3575 

15 

0 . 4385 

2400 

0.3751 

950,000 

0.3567 

20 

40 

0.4310 

0.4168 

21,800 

0.3719 

1,209,600 

0.3560 

3  In 
corded. 

order  to  conserve 

space, 

all  of  the  intermediate  values 

are  not  re- 

into  contact  with  the  sample,  and  the  final  recovered  height 
was  recorded.  This  procedure  was  repeated  several  times, 
and  the  average  value  thus  obtained  was  used  in  calculating 
the  modulus  of  elasticity  of  the  paving  mixture.  The  testing 
loads  were  applied  in  decreasing  order  of  magnitude.  Moduli 
of  elasticity,  for  two-sheet  asphalt  paving  mixtures,  determined 
by  this  method  are  as  follows;  the  bitumen  used  in  preparing 
these  mixtures  was  a  batch  steam-processed  oil  asphalt  of  50 
penetration  at  25°  C.,  100  grams,  5  seconds: 


Limestone 

Bitumen  Dust  Sand 

. — Per  cent  by  weight — . 

12  10  78 

9  10  81 


Temp.  Elastic  Modulus 

0  C.  Dynea/sq.  cm.  Lb./sq.  in. 

24.7  5.9  X  10*  8.5  X  10* 

25.0  6.5  X  10*  9.5  X  10* 


In  addition  to  the  parallel-plate  plastometer,  a  Baldwin- 
Southwark  compression  testing  machine  was  used  to  obtain 
preliminary  data  concerning  the  flow  of  asphalt  paving  mix¬ 
tures  under  compression.  The  moduli  of  elasticity  were  de¬ 
termined  on  a  variety  of  paving  mixtures,  and  values  were 
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obtained  for  the  yield  point,  ultimate  strength,  and  mobility. 
At  the  present  time  the  amount  of  data  available  using  this 
machine  is  limited,  and  all  its  possibilities  have  not  been  fully 
explored. 

The  alternating  stress  method  described  by  Bingham  and 
Stephens  (3),  which  utilizes  a  cylinder  of  the  material  cast 
in  a  glass  tube,  was  used  to  investigate  the  flow  characteristics 
of  viscous  bitumens  (18,  21)  as  well  as  some  air-blown  as¬ 
phalts  and  a  large  number  of  rather  soft,  mineral-filled  com¬ 
pounds  which  possess  only  moderate  plastic  properties.  Ap¬ 
parent  viscosities  at  60°  C.  and  at  different  shearing  stresses 
are  given  in  the  following  table  for  a  mineral-filled  air-blown 
bitumen  possessing  a  penetration  of  15  at  25°  C.,  100  grams, 
5  seconds: 


Shearing  Stress 
Dynes/ sq.  cm. 


Apparent 
Viscosity 
at  60°  C. 
Poises  X  10 


Shearing  Stress 
Dynes/ sq.  cm. 


Apparent 
Viscosity 
at  60°  C. 
Poises  X  10~t 


104,200  (out)  9.30 

104,200  (in)  6.28 

91,600  (out)  4.75 

91,600  (in)  4.58 


62,240  (out) 

6.44 

62,240  (in) 

6.41 

52,750  (out) 

7.99 

52,750  (in) 

7.77 

These  data  give  considerable  information  concerning  the 
flow  properties  of  the  compound.  Structure  within  the  bitu¬ 
minous  material  is  rapidly  destroyed  by  the  mechanical  work¬ 
ing  to  which  the  sample  is  subjected.  This  explains  the  large 
decrease  in  apparent  viscosity  which  occurs  between  the  first 
and  second  “out”  determinations — the  material  is  thixotro¬ 
pic.  Presence  of  elasticity  in  the  sample  is  evident  from  the 
fact  that  the  “out”  values  are  always  higher  than  the  “in” 
values.  Finally,  the  increase  in  viscosity  with  decreasing 
shearing  stress  indicates  that  the  material  is  not  purely 
viscous.  If  the  determinations  had  been  made  at  a  lower 
temperature,  all  of  the  above  effects  would  have  been  ampli¬ 
fied. 

The  consistencies  of  bituminous  materials  increase  with 
age,  rapidly  at  first  and  then  more  slowly,  as  a  longer 
time  elapses  since  the  material  was  in  a  molten  condition. 
This  increase  in  consistency  is  not  due  to  the  loss  of  volatile 
constituents  because  careful  remelting  and  cooling  will  effect 
a  return  to  the  original  value.  Time-hardening  in  bituminous 
materials,  which  is  being  studied  at  present  by  means  of  the 
falling  coaxial  cylinder  type  of  viscometer  (19),  appears  to  be 
due  to  the  development  of  some  type  of  structure  within  the 
material.  Seven  falling  coaxial  cylinder  viscometers  were 
filled  with  a  soft  air-blown  bitumen  (90  penetration  at  25°  C., 
100  grams,  5  seconds).  One  sample  was  brought  to  25°  C.  and 
a  determination  was  made  4  hours  after  pouring.  The 
remaining  loaded  viscometers  were  placed  in  a  constant-tem¬ 
perature  cabinet  maintained  at  25°  C.  and  left  undisturbed 
at  that  temperature  until  removed  for  testing.  The  times 
and  experimentally  determined  viscosities  for  the  air-blown 
asphalt  are  as  follows;  a  shearing  stress  of  17,000  dynes  per 
sq.  cm.  was  used  for  each  determination: 


Time 

Viscosity 
at  25°  C. 

Time 

Viscosity 
at  25°  C. 

Hours 

Poises  X  10~ 6 

Hours 

Poises  X  10~l 

4 

12.3 

171 

21.7 

25 

15.1 

507 

24.9 

52 

16.3 

700 

31.4 

100 

18.8 

A  similar  set  of  experiments  was  performed  using  six  vis¬ 
cometers  filled  with  an  asphalt  (55  penetration  at  25°  C., 
100  grams,  5  seconds)  produced  from  Mexican  petroleum  in 
a  vacuum  still.  The  data  for  this  vacuum-refined  asphalt  are 
as  follows : 


Time 

Viscosity 
at  25°  C. 

Time 

Viscosity 
at  25°  C. 

Hours 

Poises  X  1 0  ~6 

Hours 

Poises  X  10~‘ 

4 

5.13 

171 

5.94 

24 

5.51 

507 

6.52 

72 

5.71 

1012 

6.71 

Steam-  and  vacuum-refined  asphalt  do  not  show  as  rapid 
an  increase  of  viscosity  with  time  as  do  the  air-blown  bitu¬ 
mens.  The  structure  which  probably  accounts  for  this  time¬ 
hardening  can  be  destroyed  by  heating  above  the  softening 
point  but  begins  to  return  immediately  upon  cooling.  Me¬ 
chanical  working  is  also  capable  of  eliminating  the  hardening 
influence  of  time  to  some  extent. 

The  application  of  the  falling  coaxial  cylinder  viscometer 
to  the  study  of  plastic  materials  is  limited  in  about  the  same 
way  as  the  alternating  stress  method,  in  that  the  material 
cannot  be  sheared  continuously  for  any  appreciable  length 
of  time.  Also,  the  rates  of  shear  cannot  be  varied  over  a  wide 
range.  These  criticisms  cannot  be  raised  against  the  rotating 
cylinder  type  of  viscometer  (7,  16)  since  by  the  use  of  such  an 
instrument  it  may  be  possible  to  break  down  the  structure  to 
a  greater  degree  than  is  possible  in  either  the  tube  or  falling 
cylinder  viscometer,  thus  giving  values  for  the  consistencies 
of  bituminous  plastics  in  the  worked  condition.  However, 
the  practical  value  of  any  bituminous  plastic  may  bear  very 
little  relationship  to  its  consistency  in  the  worked  state, 
since  the  material  usually  serves  its  purpose  in  the  unworked 
condition. 


Plasticity  of  Filled  Bitumens 

Green  and  Haslam  (9)  concluded,  from  a  study  of  the  rela¬ 
tionship  between  yield  value  and  particle  size,  that  plasticity 
was  influenced  by  the  interfacial  area  and  number  of 
points  of  contact  of  the  dispersed  phase  per  unit  cross- 
sectional  area.  These  effects  and  relationships  have  been 
found  to  hold  in  general  for  bituminous  plastics.  Also,  the 
amount  of  elasticity,  thixotropy,  and  dilatancy,  as  well  as 
the  plasticity,  exhibited  by  the  system  will  depend  on  the 
characteristics  of  the  solid  and  liquid,  and  the  ratio  of  the 
volumes  of  the  two  phases.  Some  bituminous  plastics,  which 
contain  only  a  small  amount  of  dispersed  phase,  may  acquire 
the  characteristics  of  a  viscous  liquid  after  being  subjected 
to  prolonged  working.  In  those  with  appreciable  amounts  oi 
filler  the  structure  cannot  be  completely  eliminated,  and  thus 
their  flow  properties  are  anomalous  under  all  conditions  oi 
test. 

When  a  viscous  bitumen  is  filled  with  a  mineral  powder 
the  consistency  increases  gradually  until  a  concentration  is 
reached,  depending  on  the  characteristics  of  the  bitumen  anc 
the  powder,  where  nonviscous  flow  begins  to  appear.  Tht 
degree  of  “plasticity,”  elasticity,  and  in  fact  all  phenomena 
dependent  upon  structure  within  the  material  becomes  mon 
conspicuous  as  the  concentration  of  filler  increases.  A  num 
ber  of  measurements  are  given  below  to  illustrate  the  ap 
pearance  of  plastic  or  nonviscous  properties  with  an  increas* 
in  the  amount  of  dispersed  phase  in  a  bituminous  mixture 
The  compounds  employed  were  prepared  using  various  pro¬ 
portions  of  an  asphalt  produced  by  the  vacuum  distillation  o: 
California  petroleum  and  a  finely  ground  pumice.  Th( 
asphalt  had  a  penetration  of  55  at  25°  C.  (77°  F.),  100  grams 
5  seconds,  and  a  Ball  and  Ring  softening  point  of  47°  C 
(116.5°  F.).  Measurements  made  by  the  Bingham-Stephen- 
alternating  stress  method  at  25°  C.  gave  the  same  viscosit) 
values  for  different  shearing  stresses,  and  thus  the  bitumei 
was  assumed  to  be  a  viscous  liquid.  Viscosity  data  on  thi 
vacuum-refined  asphalt  are  as  follows : 


Shearing 

Viscosity 

Shearing 

Viscosity 

Stress 

at  25°  C. 

Stress 

at  25°  C. 

Dynes/ sq.  cm. 

Poises  X  10  "6 

Dynes/sq.  cm. 

Poises  X  10~ 

33,382 

3.17 

22,057 

3.09 

33,086 

3.14 

18,132 

3.13 

28,677 

3.13 

15,437 

3.09 

25,484 

3.03 

Mixtures  were 

prepared  using  90,  80,  and 

70  per  cent  b; 

volume  of  this  bitumen  combined  with  10,  20,  and  30  per  cen 
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iy  volume,  respectively,  of  pulverized  pumice.  The  consist- 
incies  of  the  mixtures  were  measured  at  25°  C.  by  the  method 
lsed  for  the  bitumen.  Table  II  gives  the  data  obtained. 


Fable  II.  Viscosity  Data  on  Bitumen-Pumice  Mixtures 


90%  Bitumen 

80%  Bitumen 

70%  Bitumen 

10%  Pumice 

20%  Pumice 

30%  Pumice 

Apparent 

Apparent 

Apparent 

Shearing 

viscosity 

Shearing 

viscosity 

Shearing 

viscosity 

stress 

at  25°  C. 

stress 

at  25°  C. 

stress 

at  25°  C 

Poises 

Poises 

Poises 

Sq.  cm. 

x  io-» 

Dynes/sq.  cm 

x  io-® 

Dynes/sq. 

cm.  X  10~f 

52,305 

4.77 

66,490 

10.11 

64,270 

29.62 

51,791 

4.75 

66,490 

9.16 

64,147 

24.72 

46,358 

4.79 

59,480 

8.77 

63,993 

22.80 

41,441 

4.69 

52,784 

8.66 

55,763 

22.08 

36,585 

4.72 

46,088 

8.36 

47,193 

21.15 

31,564 

4.80 

39,967 

8.65 

42,076 

20.13 

26,214 

4.86 

33,794 

8.40 

34,278 

19.40 

The  data  indicate  that  the  mortar  containing  10  per  cent 
>y  volume  of  pumice  was  essentially  a  viscous  liquid.  How¬ 
ever,  when  20  per  cent  of  this  particular  filler  was  present, 
,  small  amount  of  structure  appeared  and  had  to  be  worked 
>ut  of  the  sample  before  even  approximately  constant  values 
or  viscosities  at  different  shearing  stresses  were  obtained; 
hus,  these  values  illustrate  the  type  of  data  obtained  on 
naterials  which  are  thixotropic.  When  the  concentration  of 
>umice  was  increased  to  30  per  cent  by  volume,  the  deviations 
jrom  viscous  flow  became  very  definite  and  even  prolonged 
vorking  in  the  viscometer  did  not  completely  eliminate  the 
fleets  due  to  structure  in  the  mass.  From  these  facts  it  is 
vident  that  appreciable  amounts  of  dispersed  material  must 
>e  added  to  viscous  bitumens  in  order  to  create  sufficient 
tructure  within  the  system  to  give  even  mild  plastic  proper- 
ies. 

Paving  Mixtures 

i  Using  the  definitions  given  at  the-  beginning  of  this  paper, 
11  asphalt  paving  mixtures  may  be  considered  as  plastics, 
(recording  to  Horsfield  (10),  the  resistance  of  an  asphaltic 
■aving  mixture  to  deformation  depends  on  the  interlocking 
nd  friction  developed  between  the  particles  of  mineral 
ggregate  and  to  the  viscous  resistance  of  the  bitumen.  Thus, 
close-packed  aggregate  is  necessary  in  order  to  obtain  a 
igh  frictional  resistance.  “The  asphalt  mixture  at  first  has 
o  internal  frictional  resistance  and  is  a  liquid,  but  by  the 
jnd  of  the  test  its  structure  has  so  altered  in  the  stressed 
one  that  the  bulk  of  the  resistance  is  frictional  and  the  re¬ 
minder  viscous.  In  other  words,  it  has  become  a  plastic 
olid  and  this  change  has  been  effected  solely  by  stressing 
he  mixture.”  Horsfield  thus  describes  what  is  probably  a 
mnifestation  of  the  phenomenon  of  dilatancy. 

Of  the  numerous  methods  devised  for  estimating  the 
lability  of  asphalt  paving  mixtures,  one  of  the  most  widely 
sed  is  that  described  by  Hubbard  and  Field  (11).  In  this 
pst  a  cylindrical  briquet  2  inches  (5  cm.)  in  diameter  and 
inch  (2.5  cm.)  thick  is  formed  from  the  paving  mixture  in  a 
tandard  type  of  mold  under  a  specified  pressure.  If  hot,  the 
riquet  is  allowed  to  cool  and  age  for  a  short  time;  then  after 
arming  to  60°  C.  (approximately  the  maximum  temperature 
f  a  pavement  under  a  summer  sun),  it  is  placed  in  a  testing 
lold.  The  test  consists  in  measuring  the  maximum  load 
equired  to  force  the  mixture  through  a  circular  orifice 
.75  inches  (4.4  cm.)  in  diameter.  This  load  is  recorded  as 
he  stability  value  of  the  mixture. 

The  Hubbard-Field  test  measures  the  initial  resistance  to 
hear  and  not  the  mobility  of  the  paving  mixture.  This 
litial  resistance  to  deformation  depends  to  a  great  extent 
pon  the  closeness  of  packing  of  the  mineral  aggregate ;  thus, 
he  degree  to  which  the  sample  is  compressed  before  the  test 
*  made  becomes  important. 

Milburn  (15),  Emmons  and  Anderton  (8),  Wilson  (2), 


Chatillon  (5),  and  Skidmore  (1)  have  devised  methods  and 
apparatus  for  estimating  the  stability,  plasticity,  and  resist¬ 
ance  to  shear  of  bituminous  paving  materials.  Reference 
should  be  made  to  the  original  descriptions  for  details  con¬ 
cerning  the  construction  of  the  various  instruments  and  the 
preparation  and  testing  of  the  samples.  Of  these  methods, 
that  of  Skidmore  which  measures  the  resistance  to  shear  of  the 
mixture  is  the  most  widely  used. 

Roofing  Asphalts 

Roofing  asphalts,  which  are  usually  prepared  with  air-blown 
bitumen,  are  another  important  class  of  bituminous  plastics. 
Resistance  to  disintegration  by  exposure  to  sun,  air,  and 
water,  elasticity  at  low  temperatures,  and  absence  of  def¬ 
ormation  at  summer  temperatures  are  the  prime  requisites 
of  a  plastic  to  be  used  in  the  production  of  roofing  materials. 
Fiber-filled  plastic  cements  are  used  extensively  in  repairing 
bituminous  and  metal  roofs,  and  in  constructing  flashings, 
sealing  laps,  and  closing  or  filling  the  valleys  around  vents 
and  other  objects.  Certain  types  may  also  be  used  under 
heavy  roofing  tiles. 

An  apparatus  based  on  the  principle  of  the  falling  ball  and 
falling  cylinder  viscometers  and  used  for  measuring  the 
“worked”  consistencies  of  roofing  putties  and  fibrous  roof 
coatings  prior  to  the  evaporation  of  the  solvent  has  been 
developed  by  Clarvoe  (6).  Either  a  ball  or  a  cylinder  attached 
to  a  rod  is  permitted  to  sink  through  the  plastic  mass  under 
constant  load,  and  the  rate  of  fall  is  taken  as  a  measure  of  the 
consistency.  The  cylinder  is  used  with  heavy  putties  and  the 
ball  with  materials  which  are  so  thin  that  they  are  usually 
applied  with  a  brush. 

Flooring  Materials 

Highly  filled  asphalts  are  moldable  into  tiles,  slabs,  or 
planks  which  may  be  laid  as  a  floor  covering  over  some  strong 
but  less  flexible  or  elastic  foundation.  In  mastic  floors  the 
bituminous  plastic  is  placed  over  the  foundation  in  a  continu¬ 
ous  sheet.  The  resiliency  of  such  floors  makes  them  desirable 
where  workers  are  on  their  feet  all  day. 

McBurney  (18)  has  developed  and  described  a  portable 
instrument  for  measuring  the  ease  of  indentation  of  asphaltic 
tile  and  other  materials  by  means  of  a  metal  sphere.  His 
method  of  test  should  be  given  careful  consideration  because 
it  can  be  applied  to  plastic  materials  in  situ,  whereas  most 
other  methods  treat  them  in  the  form  of  a  small  sample  and 
usually  in  a  worked  condition.  The  evaluation  of  most  bi¬ 
tuminous  materials  (e.  g.,  paving  mixtures)  after  they  have 
been  put  into  position  would  be  valuable  since  there  is  always 
present  the  danger  of  drawing  false  conclusions  concerning 
the  behavior  of  a  material  under  actual  conditions  of  use  from 
tests  made  in  the  laboratory  under  entirely  different  condi¬ 
tions  and  environment.  McBurney  has  developed  an  em¬ 
pirical  formula  which  relates  the  depth  of  indentation  to  the 
load  and  diameter  of  sphere,  and  to  the  time  during  which 
the  loaded  sphere  acts  upon  the  material. 
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Preparation  and  Storage  of  Standard 
Chromous  Sulfate  Solutions 

HOSMER  W.  STONE  AND  CARROL  BEESON,  University  of  California  at  Los  Angeles,  Calif. 


THE  preparation  and  storage  of  standard  chromous  re¬ 
ducing  solutions  are  of  special  importance,  for  this 
reagent  is  the  most  powerful  of  any  of  the  well-known  re¬ 
ducing  agents  which  can  be  used  as  an  aqueous  solution. 
The  change  from  Cr++  to  Cr+++  has  a  molal  oxidation- 
reduction  potential  of  -0.41  volt  (5).  Its  reaction  with  the 
oxygen  of  the  air  is  extremely  rapid.  Hence,  like  titanous 
solutions,  the  chromous  reagent  must  be  protected  from  the 
atmosphere  at  all  times.  The  lack  of  an  entirely  satisfactory 
method  of  preparation  and  the  difficulty  involved  in  excluding 
the  air  from  the  reagent  have  greatly  curtailed  its  use.  The 
present  work  describes  both  a  simple  efficient  method  of 
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preparing  the  chromous  sulfate  reagent  and  an  improved 
method  of  protecting  it  from  the  atmosphere. 

Thornton  and  Sadusk  ( 9 )  report  preparation  of  the  chro¬ 
mous  reagent — by  a  reduction  of  an  acid  solution  of  potassium 
dichromate  with  zinc  amalgam  in  a  Jones  reductor.  A  0.067  N 
solution  of  chromous  sulfate  was  obtained  by  them  which  was 
not  over  0.18  N  in  sulfuric  acid,  representing  a  67  per  cent 
yield.  The  rate  of  reduction  was  40  ml.  of  solution  per  minute. 
Carbon  dioxide  was  used  to  exclude  the  air  during  the  prepa¬ 
ration.  Apparently,  the  reagent  was  stored  under  hydrogen 
from  a  Kipp  generator  {10). 

When  this  method  was  used  by  the  authors,  the  concentra¬ 
tions  of  the  resulting  chromous  solutions  varied  so  greatly  that 
it  was  necessary  to  start  with  two  or  three  times  the  theoretical 
requirement  of  dichromate  to  insure  a  given  concentration  oi 
the  reagent.  During  certain  experiments,  the  rate  of  flow  ol 
the  solution  through  the  Jones  reductor  was  reduced  to  a 
few  milliliters  per  minute  by  the  buoyant  effect  of  the  hydroger 
resulting  from  the  action  of  the  acid  on  the  zinc.  This  effecl 
was  dependent  on  the  concentration  of  the  acid  and  the  extenl 
to  which  the  zinc  had  been  amalgamated.  A  more  completi 
amalgamation  of  the  zinc  eliminated  the  hydrogen  but  re 
duced  the  yield.  A  considerable  concentration  of  acid  wa: 
required  to  enable  the  zinc  to  reduce  the  potassium  dichromah 
satisfactorily.  Because  of  the  reaction  of  the  acid  with  th< 
zinc,  there  was  always  an  uncertainty  as  to  the  acidity  o 
the  resulting  solution.  Solutions  of  low  acidity  could  not  b< 
prepared  by  this  method.  The  quantity  of  nonessential  ion: 
introduced  into  the  solutions  was  large. 

The  use  of  violet  chrome  alum  solutions,  ii 
place  of  the  strongly  acid  potassium  dichromat* 
solutions  in  the  preparation  of  the  chromou 
reagent,  has  been  found  to  eliminate  the  aci( 
difficulties  and  to  reduce  the  unavoidable  ion 
in  the  final  solutions  by  at  least  40  per  cent 
In  addition  to  this,  yields  of  from  90  to  100  pe 
cent  of  the  chromium  in  the  chromous  forr 
were  obtained  at  from  two  to  five  times  the  rat 
of  reduction  used  by  Thornton  and  Sadusk  {9) 
A  list  of  references  on  the  subject  of  th 
preparation  and  use  of  chromous  solutions  i 
analysis  is  given  by  Brennecke  (2). 


Influence  of  Complex  Chromic  Salts 

The  fact  that  chromic  salts  exist  in  solutio 
in  both  violet  and  green  modifications  is  of  in 
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portance  in  this  work.  At  room  temperatures  these  forms 
are  at  equilibrium  and  when  the  equilibrium  is  disturbed  it 
is  adjusted  rather  slowly.  The  authors  found  that  the  violet 
solutions  were  more  rapidly  reduced  than  the  green  ones. 
Three  factors  which  were  observed  to  favor  the  rapid  reduc¬ 
tion  are  also  known  to  promote  the  formation  of  the  violet 
complex  in  the  solution.  A  chrome  alum  solution  that  has 
been  freshly  prepared,  that  is  made  up  in  dilute  sulfuric  acid 
;  solution,  and  that  is  held  at  room  temperature  or  below,  is 
violet  in  color  and  rapidly  reduced  by  the  zinc  amalgam  in  a 
Jones  reductor.  If  the  solution  is  allowed  to  stand,  if  acid  is 
not  added,  or  if  the  solution  is  heated,  there  is  a  shift  to  the 
green  color  and  the  rate  of  reduction  is  less.  The  effect  of 
the  acid  on  the  color  has  been  shown  by  Orlova  and  Petin 
(. 8 ).  The  fact  that  higher  temperatures  and  aging  of  the 
I  solution  tend  to  favor  the  green  form  is  proved  by  the  work 
of  Montemartini  and  Vernazza  (7). 

The  violet  color  in  chrome  alum  solutions  is  thought  to 
be  due  to  complex  groups  in  which  six  water  molecules  are 
coordinated  with  chromium  as  in  [Cr(H20)6]+++,  while 
the  change  to  the  green  color  involves  the  replacement  of  two 
or  more  of  the  water  molecules  in  the  complex  with  sulfate 
ion.  [Cr(H20)4S04]+  represents  one  of  several  possible 
complex  ions  of  the  green  type.  This  situation  is  compli¬ 
cated  by  the  fact  that  these  groups  are  hydrolyzed  in  the 
i  solution  and  by  the  fact  that  they  exist  as  condensed  ag¬ 
gregates.  Graham  (4)  gives  a  comprehensive  bibliography 
of  this  subject. 

Experimental  Work 

The  amalgamated  zinc  was  prepared  by  stirring  240  grams  of 
20-mesh  c.  p.  zinc  in  100  ml.  of  3  A  hydrochloric  acid  for  30 
seconds.  Then  100  ml.  of  0.013  M  mercuric  chloride  solution 
(5  ml.  of  a  saturated  solution  at  25°  C.  diluted  to  100  ml.)  were 
added  to  the  zinc  acid  mixture.  Soon  after  the  addition  of  the 
mercuric  chloride  the  evolution  of  hydrogen  practically  ceased. 
The  stirring  was  continued  for  3  minutes  longer,  after  which  the 
amalgamated  zinc  was  washed  thoroughly  with  distilled  water  by 
decantation. 

The  reductor  shown  in  Figure  1  was  then  filled  with  the  amal¬ 
gamated  zinc.  In  this  device,  the  customary  Jones  reductor  was 
modified  so  that  air  pressure  was  used  in  place  of  hydrostatic 
pressure  to  force  the  solution  through  the  reductor.  Moreover, 
[the  usual  direction  of  flow  through  the  reductor  was  reversed, 

:  causing  the  liquid  to  flow  up  through  the  amalgamated  zinc. 
The  use  of  air  pressure  permitted  the  investigation  of  much  higher 
rates  of  flow.  The  reversal  of  the  direction  of  flow  took  advan- 

!tage  of  the  buoyancy  of  any  hydrogen  liberated  in  the  reductor. 
The  hydrogen  aided  the  flow  of  the  liquid  instead  of  hindering  it, 
as  is  the  case  in  the  usual  form  of  reductor. 

The  drawing  (Figure  1)  of  the  arrangement  used  in  preparing 
lithe  chromous  reagent,  and  in  protecting  it  from  the  air  during 

ithe  determination  of  its  concentration,  requires  little  explanation. 
Before  starting  the  preparation  of  the  chromous  reagent,  the 
air  was  flushed  from  the  system  by  a  stream  of  carbon  dioxide 
from  the  cylinder.  The  gases  escaped  through  the  outlet  above 
1  the  buret.  While  the  stream  of  gas  was  maintained,  the  stopcock 
above  the  reductor  was  opened  and  the  chrome  alum  solution 
was  forced  through  the  amalgamated  zinc.  When  sufficient 
chromous  reagent  had  been  prepared,  the  fine  from  the  reductor 
was  cut  off,  and  the  chromous  solution  was  thoroughly  agitated 
'  by  a  stream  of  carbon  dioxide  bubbles.  After  about  15  minutes 
of  such  agitation  the  outlet  above  the  buret  was  closed  and  the 
reagent  was  ready  for  titration. 

The  air  was  effectively  excluded  from  the  stored  reagent 
by  means  of  a  small  pressure  of  carbon  dioxide.  The  use  of 
the  pressure  reducing  valve  and  gage  made  it  possible  to  re¬ 
duce  the  high  pressure  from  the  liquid  carbon  dioxide  to  the 
fairly  constant  low  pressure  required  to  exclude  the  oxygen 
of  the  air  from  the  reagent.  This  low  pressure  was  compa¬ 
rable  to  that  obtained  from  a  Kipp  generator.  The  pressure 
could  be  maintained  without  the  escape  of  gas  and  without  the 
building  up  of  pressure  in  the  system.  This  method  was  far 
more  satisfactory  than  the  use  of  a  Kipp  generator,  such  as 
has  been  recommended  by  Zintl  and  Rienacker  (11)  and 


Thornton  and  Wood  (10).  Moreover,  the  valve  and  gage, 
which  cost  about  $7,  were  no  more  expensive  than  the  Kipp 
generator  which  they  displaced.  The  cylinder  of  carbon 
dioxide  involves  no  extra  expense,  since  in  using  such  a  re¬ 
ducing  agent  a  cylinder  of  inert  gas  is  usually  required  for 
flushing  out  the  titration  beaker.  The  usual  arrangements 
for  anaerobic  work  have  been  modified  to  meet  the  require¬ 
ments  of  repeated  preparation  and  testing  of  the  concentra¬ 
tion  of  the  reagent.  Readers  desiring  details  of  methods  for 
the  storage  and  use  of  such  reagents  are  referred  to  the  authors 
mentioned  above  (10,  11),  and  particularly  to  Crowell  and 
Baumbach  (3).  It  would  seem  that  wherever  standard 
solutions  are  to  be  protected  from  the  oxygen  of  the  air  by 
the  pressure  of  an  inert  gas,  the  use  of  the  pressure  reducing 
valve  and  cylinder  of  gas  would  be  desirable. 

Although  liquid  carbon  dioxide  is  usually  free  from  oxygen 
or  other  impurities  which  might  oxidize  the  chromous  ion, 
the  precaution  was  taken  of  purifying  the  gas  used.  As 
shown  in  Figure  1,  the  carbon  dioxide  entered  the  wash  solu¬ 
tion  through  a  Jena  sintered-glass  distribution  tube.  This 
insured  a  thorough  mixing  of  the  gas  with  the  chromous  sul¬ 
fate-sulfuric  acid  solution  which  is  capable  of  absorbing 
oxygen  very  rapidly.  The  amalgamated  zinc,  in  the  bottom 
of  the  bottle,  served  to  regenerate  any  chromous  ion  which 
may  have  been  oxidized. 

Because  it  has  been  reported  that  hydrogen  may  be  liberated 
from  acid  solutions  by  the  chromous  ions,  the  authors  con¬ 
sidered  this  possibility  carefully  and  found  no  evidence  of 
such  a  reaction  under  the  experimental  conditions  of  this 
work.  There  can  be  no  doubt  as  to  the  stability  of  chromous 
sulfate-sulfuric  acid  solutions  with  respect  to  this  reaction, 
in  view  of  the  fact  that  Thornton  and  Sadusk  (9)  and  Crowell 
and  Baumbach  (3)  reported  no  appreciable  change  in  the  titer 
of  such  solutions  over  a  period  of  a  month.  Asmanoff  (1) 
found  that  chromous  sulfate  did  not  liberate  hydrogen  eAren 
from  10  N  sulfuric  acid,  but  that  it  did  react  slowly  with  4  N 
hydrochloric  acid,  and  that  ammonium  salts  and  platinum 
catalyzed  the  liberation  of  hydrogen  from  sulfuric  acid  by 
chromous  sulfate.  That  no  change  of  titer  was  observed  in 
this  work  with  the  solutions  containing  hydrochloric  acid 
may  be  explained  by  the  fact  that  the  concentration  of  the 
hydrochloric  acid  never  exceeded  0.1  N  and  that  the  period 
of  storage  was  never  more  than  a  few  hours  at  the  most. 

The  titer  of  the  chromous  reagent  was  determined  by 
siphoning  the  solution,  under  carbon  dioxide  pressure,  into 
the  buret  from  which  it  was  delivered  below  the  surface  of 
an  excess  of  standard  potassium  triiodide  solution.  After 
dilution  and  acidification,  the  excess  of  triiodide  was  deter¬ 
mined  by  titration  with  sodium  thiosulfate  solution.  Each 
yield  in  the  tables  represents  an  average  of  two  or  more  closely 
agreeing  duplicate  determinations  on  each  sample  prepared. 
Any  possible  effect  of  oxygen  dissolved  in  the  potassium 
triiodide  solution  was  neglected.  The  percentage  yield  was 
based  on  the  assumption  that  the  c.  p.  chrome  alum  was  indeed 
pure. 

The  authors  did  not  attempt  to  determine  why  100  per 
cent  yields  of  the  chromous  reagent  were  not  regularly  ob¬ 
tained  when  the  recommended  conditions  for  the  preparation 
were  used.  Since  Lundell  and  Knowles  (6)  have  already 
shown  that  chromium  solutions  can  be  quantitatively  re¬ 
duced  by  zinc  amalgam  in  a  Jones  reductor,  it  seems  suffi¬ 
cient  to  state  that  the  values  reported  are  strictly  comparable 
with  each  other. 

Experimental  Results 

The  experiments  of  Table  I  indicate  that  with  an  efficient 
zinc  amalgam  one  may  force  the  solution  through  the  reductor 
at  any  convenient  rate  and  obtain  satisfactory  yields  of  the 
chromous  reagent.  The  high  rate  of  200  ml.  per  minute, 
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used  in  experiment  39S,  is  about  as  rapid  as  it  is  practicable 
to  force  a  liquid  through  such  an  apparatus.  The  apparent 
decrease  in  yields  with  the  increase  in  rate,  brought  out  by 
comparing  experiments  21B  through  25B,  has  not  been  ob¬ 
served  in  other  cases.  It  might  be  explained  by  a  decrease  in 
the  efficiency  of  the  amalgam,  a  point  discussed  later. 


Table  I. 

Expt. 

Relation  between  Rate  of  Flow  through  Reduc- 
tor  and  Yield  of  Cr++ 

(Concentration  of  violet  Cr  +  'i''1',  0.1  M) 

Age  of  Rate  of  Yield 

Cr'f'  +  +  Reduc-  of 

No. 

Acid 

Solution 

Hours 

tion 

Ml./ min. 

Cr--*- 

% 

21B 

0.01  A  HC1 

0 . 5 

40 

100 

22B 

0  01  A  HC1 

0.5 

40 

99 

24B 

0.01  A  HC1 

0.5 

150 

93 

25B 

0.01  N  HC1 

0 . 5 

150 

91 

37S 

0.1  A  H-SOi 

2 

50 

97 

40S 

0.1  N  HsSOr 

19 

120 

96 

38S 

0 . 1  A  H2SOi 

2.25 

135 

98 

39S 

0.1  N  H2S04 

0.5 

200 

97 

Table  II. 

Effect  of  Variations 

in  Acid 

AND  Cr+j 

"+  CON- 

CENTRATIONS  ON  YlELD  OF  Cr 

+  + 

Concn.  of 

Age  of 

Rate  of 

Yield 

Expt. 

Violet 

Cr  +  +  + 

Reduc¬ 

of 

No. 

Acid 

Cr  +  +  + 

Solution 

tion 

Cr  +  + 

M 

Hours 

Ml./  min. 

% 

13S 

None 

0.01 

0 . 5 

50 

90 

41S 

None 

0.01 

0.5 

140 

92 

39  S 

0.1  A  H5SO4 

0  1 

0.5 

200 

97 

22B 

0.01  A  HC1 

0.1 

0 . 5 

80 

99 

28S 

0.1  .V  HaSOi 

0.4 

0 . 75 

17 

96 

Table  III. 

Effect  of 

Age  of  Solution,  with  and 

WITHOUT 

Acid, 

on  Yield  of 

Cr-  + 

Concn.  of 

Age  of 

Rate  of 

Yield 

Expt. 

Violet 

Cr  +  +  + 

Reduc- 

of 

No. 

Acid 

Cr  +  +  + 

Solution 

tion 

Cr  +  + 

M 

Hours 

Ml./ min 

•  % 

28S 

0.1  A  H..SO4 

0.4 

0.75 

17 

96 

29S 

0 . 1  N  H2S04 

0.4 

27 

17 

93 

38S 

0.1  A  HoSOr 

0.1 

2.25 

135 

98 

40S 

0.1  A  H2SOi 

0.1 

19 

120 

96 

41S 

None 

0.01 

0.5 

140 

92 

43  S 

None 

0.01 

4 

100 

84 

44S 

None 

0.01 

4.5 

150 

72 

Table  II  offers  evidence  that  the  yield  is  less  where  no  acid 
has  been  added  to  the  chrome  alum  solution,  that  satisfactory 
yields  can  be  obtained  with  either  sulfuric  or  hydrochloric 
acid,  that  a  change  in  concentration  of  the  acid  from  0.01  N 
to  0.1  N  does  not  change  the  yield  materially,  and  that 
variations  in  the  Cr+++  concentration  of  the  chrome  alum 
solution  up  to  0.4  M  Cr+++  do  not  alter  the  yield  greatly. 
Though  the  yield  with  hydrochloric  acid  is  as  good  as  with 
sulfuric  acid,  the  hydrochloric  acid  solutions  are  known  to 
be  less  stable. 

Experiments  41S,  43S,  and  44S  show  that  the  longer  a 
chrome  alum  solution  stands,  the  lower  the  yield  of  chromous 
ion  obtained  upon  reduction.  When  acid  was  added  to  the 
chrome  alum  solutions,  this  reduction  in  yield  with  age  was 


much  less.  The  explanation  lies  in  the  fact  that  the  violet 
chromium  complex  gradually  changed  to  the  more  slowly 
reduced  green  complex.  The  shift  from  the  violet  to  the  green 
form  was  retarded  by  the  presence  of  acid,  hence  the  age 
of  the  solution  was  only  a  small  factor  where  acid  had  been 
added. 

A  solution  made  from  green  chromic  sulfate  crystals  was 
89  per  cent  reduced  at  a  rate  of  20  ml.  per  minute  and  only 
44  per  cent  reduced  at  a  rate  of  120  ml.  per  minute.  Similar 
reductions  in  yield,  in  cases  where  the  chrome  alum  solution 
had  been  changed  to  green  by  heating,  have  shown  that  the 
rate  of  reduction  is  a  factor  to  be  considered  where  the  green 
form  is  being  reduced. 

Certain  preparations  of  zinc  amalgam,  which  at  first  were 
entirely  satisfactory,  suffered  a  loss  of  efficiency  that  could 
not  be  explained.  An  example  of  such  an  amalgam  is  found 
in  one  preparation  which,  after  having  previously  been  satis¬ 
factory,  so  decreased  in  efficiency  that  a  chromous  yield  of 
only  64  per  cent  was  obtained.  By  replacing  this  amalgam 
with  a  fresh  preparation  and  keeping  all  other  factors  constant, 
the  yield  was  returned  to  nearly  100  per  cent.  This  difficulty 
of  low  efficiency  on  the  part  of  the  zinc  amalgam  was  met 
only  where  the  amalgamated  zinc  had  been  used  and  stored 
under  water  for  a  period  of  not  less  than  several  days. 

Conclusions 

Certain  difficulties  arising  in  the  use  of  the  Thornton  and 
Sadusk  method  of  preparing  standard  chromous  sulfate  solu¬ 
tions  have  been  pointed  out.  A  method  of  eliminating  these 
difficulties  by  the  use  of  violet  chrome  alum  solutions  in 
place  of  potassium  dichromate  solutions  has  been  given.  A 
study  of  the  factors  involved  in  the  preparation  has  shown  that 
those  things  which  tend  to  change  the  'violet  complex  in  the 
alum  solution  to  the  green  complex,  also  tend  to  reduce  the 
yield  of  the  desired  reagent.  An  improved  method  of  pro¬ 
tecting  the  reagent  from  the  oxygen  of  the  air  has  been  de¬ 
scribed. 

Literature  Cited 

(1)  Asmanoff,  A.,  Z.  anorg.  allgem.  Chem.,  160,  209  (1927). 

(2)  Brennecke,  E.,  "Die  chemische  Analyze,”  by  Margosehes, 

Vol.  33,  pp.  95-116,  Stuttgart,  Ferdinand  Enke,  1935. 

(3)  Crowell,  W.  R.,  and  Baumbacb,  H.  L.,  ./.  Am.  Chem.  Soc.,  57, 

2607  (1935). 

(4)  Graham,  M.  A.,  Am.  Chem.  J.,  48,  145-90  (1912). 

(5)  Grube,  G.,  and  Schleeht,  L.,  Z.  Elektrochem.,  32,  178  (1926). 

(6)  Lundell,  G.  E.  F.,  and  Knowles,  H.  B.,  Ind.  Eng.  Chem.,  16, 

723  (1924). 

(7)  Montemartini,  C.,  and  Vernazza,  E.,  Industria  chimica,  7, 

857-65  (1932). 

(8)  Orlova,  S.  I.,  and  Petin,  N.  N.,  J.  Gen.  Chem.  ( U .  S.  S.  R.),  1, 

345-58  (1931). 

(9)  Thornton,  W.  M.,  and  Sadusk,  J.  F.,  Ind.  Eng.  Chem.,  Anal. 

Ed.,  4,  240  (1932). 

(10)  Thornton,  W.  M.,  and  Wood,  A.  E.,  Ind.  Eng.  Chem.,  19,  150 

(1927). 

(11)  Zintl,  E.,  and  Rienacker,  G.,  Z.  anorg.  allgem.  Chem.,  155,  85 

(1926). 

Received  November  22,  1935.  Presented  before  the  Division  of  Physical 
and  Inorganic  Chemistry  at  the  90th  Meeting  of  the  American  Chemical 
Society,  San  Francisco,  Calif.,  August  19  to  23,  1935. 


Accelerated  Method  for  Determining  Wear 

Caused  by  Abrasion 
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Determination  of  the 

effect  of  wear  on  a  given 
surface  over  a  period  of  time  is 
a  problem  similar  in  many 
ways  to  estimating  the  effect  of 
aging  or  of  weathering  on  a 
product.  Choice  must  be  made 
between  observing  the  material 
actually  in  use  over  an  extended 
period  of  time  or  of  devising  a 
method  whereby  the  action  can 
be  accelerated  so  as  to  obtain 
substantially  the  same  effect  in  a 
shorter  period  of  time.  An  ac¬ 
celerated  method  is  preferable 
and  in  many  cases  essential. 

The  usual  uncertainty  then 
irises  as  to  how  well  the  artificial 
Conditions  imposed  correspond 
po  the  actual  conditions  of  use. 

In  starting  accelerated  wear- 
ng  tests  on  flooring  materials 
several  years  ago,  the  appara¬ 
tus  that  had  already  been  pro- 
iosed  for  such  a  purpose 
seemed  to  have  a  number  of 
lisadvantages.  In  an  effort  to 
nake  the  determination  correspond  more  closely  to  conditions 
>f  normal  use,  a  different  type  of  apparatus  was  set  up  and 
he  problem  approached  from  a  different  viewpoint.  The 
ipparatus  so  developed  was  found  later  to  apply  to  the  study 
>f  abrasion  on  other  types  of  surfaces  also.  With  simple 
nodifications  it  is  believed  applicable  to  shoe  leather,  the 
•namel  of  compacts,  linoleum  finishes,  and  other  articles 
eceiving  frictional  wear.  The  illustrations  given  are  of  three 
ypical  applications.  Similar  equipment  is  known  to  be  in 
ise  in  industry  but  no  details  of  design  have  been  published 
o  far  as  the  authors  know.  It  is  therefore  given  as  a 
nethod  which  may  be  found  applicable  to  diverse  problems 
md  which  is  believed  to  have  advantages  over  the  methods 
Iready  in  print. 

Of  the  various  methods  for  determining  hardness,  only  a  few 
aeasure  the  type  of  abrasive  action  occurring  on  floors.  The 
lorry  apparatus  (6)  for  testing  road  materials  measures  the 
ardness  of  a  cylindrical  sample  by  abrading  it  against  a  steel 
isk  with  crushed  quartz  under  a  weight  of  1250  grams.  The 
uration  of  the  test  is  for  1000  revolutions  of  the  disk  and  the 
esults  are  expressed  in  terms  of  hardness  where  hardness  equals 
0  minus  one-third  the  loss  in  weight  of  the  sample  in  grams, 
’his  apparatus  has  been  modified  (7)  for  application  with  speci- 
lens  cut  from  flooring. 

Another  apparatus,  rather  similar  in  principle,  but  designed 
articularly  for  application  to  flooring,  was  developed  by  Kessler 
5).  In  this  method,  three  specimens  of  the  material  are  abraded 
gainst  a  disk  which  revolves  at  45  r.  p.  m.  A  weight  of  2000 
rams  is  applied  on  each  specimen  and  No.  60  artificial  alumi- 
um  oxide  is  fed  constantly  onto  the  disk  as  the  abrasive.  The 
isk  is  rotated  for  5  minutes  and  the  specimens  are  weighed  in 
;rms  of  hardness  where  hardness  equals  the  reciprocal  of  the  loss 
i  volume  times  a  factor.  Correlation  with  service  measurements 
■as  only  fair,  but  is  believed  adequate  to  permit  prediction  of 
irvice  wear. 

Still  another  method  designed  especially  to  test  flooring  is 
aat  used  by  the  Dow  Chemical  Company  (1)  on  magnesia  ee- 
lent  composition  flooring.  In  this  case  the  essential  feature  of 


the  apparatus  is  a  horizontal  blade 
mounted  on  a  vertical  shaft  so  that 
the  blade  revolves  just  above  the 
sample,  pushing  six  steel  cubes 
around  and  around  over  its  sur¬ 
face.  At  the  same  time  silica 
stucco  sand  is  fed  onto  the  sur¬ 
face  of  the  sample.  The  abrasive 
is  changed  three  times  during  the 
wearing  operation,  which  is  ordi¬ 
narily  for  6000  revolutions  of  the 
blade.  The  results  are  expressed 
in  terms  of  the  depth  of  wear 
obtained  as  measured  by  a  mi¬ 
crometer  mounted  in  a  movable 
block  on  a  bridge. 

Other  apparatus  has  more 
general  application  but  is  based  on 
the  same  principle  of  exerting 
abrasion  by  revolving  the  abrad¬ 
ing  element  against  the  sample. 
One  design  (3)  consists  of  an  up¬ 
right  leather  wheel  which  rolls 
with  constant  slippage  on  a  path 
of  test  samples  mounted  on  a 
horizontal  revolving  disk.  Sand 
is  fed  as  the  abrasive.  Another 
(9)  measures  wear  of  leather, 
tires,  etc.,  against  a  rotating  abrad¬ 
ing  member  in  terms  of  loss  of  ma¬ 
terial  per  unit  of  abrading  powder. 
Another  (3),  which  has  been  made 
the  subject  of  a  patent,  rotates 
blocks  of  the  materials  to  be  com¬ 
pared  under  predetermined  pressure  around  a  raceway  constructed 
of  the  desired  abrading  agent. 

There  seemed  to  be  two  disadvantages  common  to  all 
these  methods.  With  respect  to  flooring  particularly,  ob¬ 
servation  shows  that  the  wear  that  occurs  very  seldom  results 
from  rotary  motion  of  an  abrading  surface.  The  tread  of 
feet  on  a  floor  or  stairway  in  general  produces  reciprocating 
motion.  With  respect  to  any  surface,  the  abrasive  action 
occurring  naturally  will  only  in  rare  cases  be  as  harsh  as  that 
imposed  in  these  accelerated  tests.  There  may  be  other 
fundamental  differences  between  the  abrasives  as  well.  Un¬ 
doubtedly  the  wear  on  flooring  varies  as  to  the  nature  of 
the  materials  causing  it.  In  the  extreme  case  it  is  partially 
due  to  sharp  particles.  In  the  normal  case  examination 
shows  that  it  is  caused  by  particles  of  the  material  itself  or  of 
very  fine  dirt,  which,  in  most  cases,  are  neither  sharp  nor 
hard.  In  setting  up  a  different  type  of  abrasive  measurement 
apparatus,  therefore,  two  specifications  were  established: 
(1)  that  the  motion  of  the  abrading  element  should  be  in  a 
straight  line  rather  than  circular;  and  (2)  that  the  abrasive 
action  used  should  correspond  as  closely  as  possible  to  that 
which  would  cause  the  normal  wear  when  the  material  being 
studied  was  in  use  and  therefore  consist  of  only  fine,  relatively 
nonabrasive  particles  such  as  those  derived  from  the  material 
under  test.  For  general  applicability  it  must  be  possible  to 
vary  the  abrasive  used. 

The  use  of  fine  particles  of  the  material  under  test  as  the 
abrasive,  in  place  of  other  miscellaneous  dirt,  is  believed  to 
introduce  no  serious  variable  so  long  as  the  material  under 
test  is  of  a  fine-grained  structure.  It  does  not  seem  to  be  an 
unreasonable  extension  of  Kessler’s  work  (.5)  to  assume  that, 
if  the  use  of  coarse  abrasive  correlates  with  service  results, 
the  correlation  with  service  will  be  as  good  or  better  when  fine 
abrasive  is  used.  Further  there  is  nothing  inherent  in  the 


Equipment  was  designed  to  measure  the 
comparative  rate  of  wear  of  travertine  and 
an  artificial  travertine  flooring.  A  silicon 
carbide  block  fastened  to  a  reciprocating 
arm  was  loaded  to  a  weight  of  3000  grams 
and  operated  at  30  cycles  per  minute.  Ob¬ 
servation  shows  that  after  the  surface  skin 
is  removed  from  the  stone  a  steady  rate  of 
wear  is  obtained  with  the  particles  of  fine 
dust  from  the  stone  as  the  actual  wearing 
agent.  The  silicon  carbide  block  does  not 
contact  the  stone.  By  replacement  of  the 
block  with  a  blackboard  eraser  liberally 
supplied  with  chalk  the  equipment  was 
used  for  measurement  of  the  rate  of  wear  of 
a  glass  blackboard.  A  miniature  machine' 
operating  on  the  same  principle  was  de¬ 
signed  and  used  for  comparison  of  efficiency 
of  tooth  pastes  in  removal  of  mucin 
plaques.  The  equipment  appears  to  be  of 
rather  general  applicability. 
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Figure  1.  Apparatus  Used  on  Flooring 

equipment  which  prevents  the  use  of  sharp  particles  such  as 
silica  sand  if  extreme  conditions  are  to  be  measured.  The 
equipment  is,  however,  primarily  for  measurement  of  normal 
rather  than  for  abnormal  wear. 

Naturally,  when  the  second  specification  is  adopted,  the 
duration  of  the  test  period  must  be  considerably  greater 
than  Kessler’s  5-minute  period,  in  order  to  obtain  an  ap¬ 
preciable  effect.  However,  the  action  is  still  an  accelerated 
one,  since  the  motion  can  be  made  continuous  as  contrasted 
with  actual  use,  where  the  impact  of  an  abrading  element, 
such  as  a  footstep  on  flooring,  occurs  only  intermittently  and 
at  irregular  intervals. 

Tests  on  Flooring 

The  apparatus  as  originally  set  up  for  tests  on  flooring  and 
shown  in  Figure  1  was  as  follows: 

A  0.75-horsepower  motor  operating  through  a  speed  reducer 
was  set  up  to  produce  reciprocating  motion  of  an  arm,  operating 
at  30  cycles  per  minute.  The  arm  carried  the  abrading  element 
with  an  additional  weight  imposed  so  that  the  total  weight  of  the 
abrading  element  was  3000  grams.  The  abrading  element  itself 
consisted  of  a  block  of  appropriate  material,  the  surface  of  which 
measured  15  cm.  (6  inches)  long  and  2.5  cm.  (1  inch)  wide.  This 
moved  lengthwise  over  the  face  of  the  specimen  being  tested. 

The  machine  gave  a  stroke  of  30  cm.  (12  inches),  so  that  abrasion 
occurred  over  a  strip  about  45  cm.  (18  inches)  long  with  the 
center  of  this  strip  receiving  the  greatest  amount  of  wear.  If 
desired  this  strip  might  be  composed  of  two  materials  of  not 
vastly  dissimilar  hardness  in  order  to  compare  their  rate  of  wear 
at  the  same  time,  such  as  of  black  and  of  white  marble  to  be  laid  in 
alternating  blocks. 

The  selection  of  the  weight  is  a  compromise.  The  weight 
to  be  used  must  not  be  so  great  as  to  cause  active  contact  of 
the  abrading  element  with  the  flooring.  Rather  it  should  be 
cushioned  by  the  fine  dust  resulting  from  the  wear,  or  by  abra¬ 
sive  supplied.  Observation  shows  that  the  movement  of  a 
shoe  over  the  flooring,  which  is  believed  to  be  the  time  of 
greatest  wear,  is  before  the  major  portion  of  the  weight  is 
applied  and  as  the  foot  is  being  lifted.  For  those  reasons  a 
■weight  slightly  over  1  pound  per  square  inch  was  used  instead 
of  the  estimated  10  pounds  per  square  inch  present  when  the 
weight  is  all  on  one  foot.  Naturally,  many  variables,  such 
as  rubber  and  leather  heels,  women’s  small  heels,  etc.,  must  be 
blended  into  the  composite.  Except  in  the  case  of  actual 
slippage,  the  foot  does  not  move  after  the  full  weight  is  ap¬ 
plied  and  the  heel  touches  the  floor. 

It  should  also  be  noted  that  the  abrading  member  passes 
over  the  floor  being  tested  at  the  rate  of  60  times  per  minute, 
so  that  even  with  the  lesser  weight  the  rate  of  wear  would  be 
expected  to  be  considerable.  In  view  of  these  considera¬ 
tions  conservatism  dictates  a  tendency  towards  low  rather 


than  high  pressure  as  well  as  to¬ 
wards  mild  rather  than  harsh  abra¬ 
sive  for  the  study  of  normal  wear. 

The  specimen  to  be  tested  was 
marked  off  into  5-cm.  (2-inch)  sec¬ 
tions  along  the  45-cm.  (18-inch) 
strip.  The  depth  of  wear  after 
given  periods  of  operation  of  the 
abrading  arm  was  measured  in 
each  section  of  the  worn  strip  by 
a  stud  micrometer  suitably 
mounted  in  a  frame  constructed 
for  the  purpose.  The  micrometer 
was  sufficiently  delicate  so  that 
measurements  were  reproducible 
to  0.0025  cm.  (0.001  inch).  Any 
material,  such  as  flooring,  on 
which  measurements  of  abrasive 
resistance  are  to  be  made,  generally  has  different  charac¬ 
teristics  at  the  surface  than  in  the  body  of  the  stone.  Usually 
the  surface  is  harder,  and  there  are  also  minor  surface  irregu¬ 
larities.  The  same  would  be  the  case  with  nearly  any  flat 
solid.  Therefore,  a  firmly  bonded  silicon  carbide  block  was 
used  as  the  abrading  element.  This  caused  the  initial  cut  in 
the  surface  to  be  obtained  quickly,  as  desired.  The  space  be¬ 
tween  the  abrasive  crystals  in  the  block  soon  become  filled  with 
powder  derived  from  the  specimen  and  thereafter  the  abra¬ 
sive  action  is  similar  to  that  obtained  in  actual  wear.  Ex¬ 
amination  shows  that  the  abrading  member  is  not  in  contact 
with  the  flooring  after  this  initial  period,  but  is  riding  on  a 
layer  of  dust  particles  derived  from  the  flooring  which  are 
in  turn  the  actual  abrading  agent,  just  as  in  stepping  on  the 
floor  the  abrading  agent  is  the  fine  dirt,  not  the  shoe. 

The  rate  of  wear  at  the  very  beginning  of  the  test  is  not 
representative  and  would  not  be,  even  if  the  abrading  element 
were  already  filled  with  debris  from  the  specimen.  The  rate 
of  wear  in  the  remainder  of  the  test  is  substantially  constant 
and  the  abrasive  action  then  occurring  may  be  reasonably 
assumed  to  have  a  constant  ratio  to  the  rate  of  natural  wear. 
After  some  time  the  silicon  carbide  block  becomes  impeded 
by  excessive  accumulated  particles  on  the  surface  of  the 
specimen,  so  that  it  is  desirable  to  brush  off  this  accumulation 
at  regular  intervals  depending  on  the  nature  of  the  surface. 
The  block  itself  should  not  be  brushed  and  thus  actual  abra¬ 
sion  by  the  block  is  avoided.  To  accelerate  the  test  further 
and  thus  measure  drastic  wearing  conditions,  the  normal 
detritus  from  the  floor  could  be  replaced  by  a  layer  of  abrasive 
such  as  emery,  replaced  at  suitable  intervals  as  in  the  Dow 
apparatus  (I). 

The  apparatus  may  be  operated  for  as  long  a  period  as 
seems  desirable  for  the  particular  material  under  study. 
The  study  for  which  the  machine  was  originally  designed 
was  a  comparison  between  the  wearing  qualities  of  travertine 
marble  and  an  artificial  travertine  made  of  a  magnesium  oxy¬ 
chloride  cement  composition.  For  this  purpose  the  maxi¬ 
mum  period  of  operation  was  a  total  of  60  hours  and  the 
minimum  18  hours,  depending  on  how  quickly  an  appreciable 
wearing  effect  was  obtained.  In  all  cases  the  machine  was 
stopped  and  the  surface  brushed  off  at  6-hour  intervals,  meas¬ 
urements  of  the  depth  of  wear  being  made  at  those  times. 

Results  were  expressed  in  terms  of  depth  of  wear  per 
hour  as  calculated  from  the  micrometer  measurements  at  6- 
hour  intervals.  If  preferable,  of  course,  the  loss  in  weight 
or  in  volume  in  a  given  period  could  be  determined  instead. 
Using  the  micrometer  readings  on  the  center  sections  of  the 
specimen  where  the  wear  was  deepest,  and  eliminating  the 
first  readings  obtained  before  the  rate  of  wear  became  con¬ 
stant,  representative  values  for  the  two  types  of  flooring  mate¬ 
rial  were  as  follows: 
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Travertine  0.1067  mm.  (0.0042  inch)  wear  per  hour 

Artificial  travertine  compared  0.0254  mm.  (0.0010  inch)  wear  per  hour 

Accumulation  of  extensive  data  showing  the  rate  of  wear  at 
various  points  on  the  stone  was  found  unnecessary  after 
adequate  data  for  interpretation  had  been  assembled.  Cor¬ 
relation  between  different  determinations  was  very  satis¬ 
factory,  considering  the  type  of  determination.  The  results 
quoted  have,  of  course,  no  general  applicability  but  refer 
i  only  to  relative  values  on  the  types  of  material  compared. 

These  results,  obtained  several  years  ago,  have  been  con¬ 
firmed  qualitatively  by  observations  on  floors  in  use.  No 
method  of  exact  measure  of  rate  of  wear  has  been  applicable 
to  floors  under  our  observation. 

Kessler  (5)  points  out  the  variable  effect  of  humidity  on  the 
abrasive  action  in  his  apparatus  and  specifies  that  compara- 
!  tive  tests  should  be  run  at  the  same  relative  humidity.  No 
attempt  was  made  to  control  the  humidity  in  this  study, 
and  minor  irregularities  in  the  results  may  have  been  due 
to  this  cause.  Since  the  authors’  machine  was  operated  for  a 
period  of  18  to  60  hours  in  comparison  with  Kessler’s  test 
period  of  5  minutes,  variation  in  humidity  was  not  as  im¬ 
portant  and  the  average  rate  of  wear  over  the  entire  test 
period  was  consistent.  As  another  comparison  this  equip¬ 
ment  performed  30,000  to  100,000  complete  cycles  as  com¬ 
pared  with  225  to  6000  for  the  other  types  of  equipment  re¬ 
ferred  to. 

The  effect  in  wet  wear  would  be  expected  to  be  less  than 
when  dry,  because  the  water  film  would  interfere  with  the 
i  contact  between  the  finely  divided  particles  and  the  stone. 
(This  was  substantiated.  For  determinations  of  wet  wear  a 
i  separatory  funnel  was  arranged  to  drip  water  continuously 
on  the  surface  of  the  specimen,  so  that  it  was  kept  wet 
Throughout  the  test  period.  The  results  under  these  condi¬ 
tions  showed  that  after  the  rate  of  wear  became  constant  it 
amounted  to  less  than  0.00254  mm.  (0.0001  inch)  per  hour 
for  both  travertine  and  the  artificial  travertine. 

Glass  Blackboard  Tests 

While  this  apparatus  was  originally  developed  for  use  on 
flooring  materials,  it  was  found  to  have  more  general  appli¬ 
cability.  As  an  example,  the  apparatus  has  been  used  to 
[study  the  behavior  on  wearing  of  a  composition  glass  black¬ 
board.  In  that  case,  it  was  possible  to  exert  abrasive  action 
I, corresponding  very  closely  to  that  occurring  in  use.  In 
place  of  the  silicon  carbide  block,  an  ordinary  6.25  X  15  cm. 
(2.5  X  6  inch)  blackboard  eraser  was  mounted  at  the  end  of 
the  arm.  The  eraser  was  filled  with  chalk  beforehand  and 
chalk  powder  was  spread  on  the  surface  of  the  piece  of 
blackboard  being  tested.  The  eraser  was  loaded  with  a 
weight  of  2  kg.  and  a  pad  of  cloth  placed  under  the  sample 


Figure  2.  Miniature  Apparatus 


to  take  up  any  irregularities  in  pressure.  The  excess  chalk 
on  the  surface  of  the  sample  was  removed  and  a  fresh  supply 
added  every  6  hours  throughout  the  test.  No  quantitative 
measurement  of  the  results  was  made  in  these  tests,  as  the 
primary  interest  was  in  the  appearance  and  writing  surface 
of  the  boards  after  an  extended  period  of  use.  Instead,  the 
macroscopic  and  microscopic  appearance  of  the  blackboard 
surface,  with  and  without  chalk,  were  recorded  photographi¬ 
cally  as  previously  published  ( 8 ) .  Micrometer  measurements 
might  be  made  in  the  same  way  as  on  the  flooring  if  desired. 
On  the  basis  of  an  estimate  of  the  average  amount  of  erasing 
a  blackboard  receives  in  schoolroom  use,  it  was  calculated 
that  an  hour’s  operation  of  the  machine  corresponded  to 
approximately  2  years  of  actual  service. 

Abrasive  Efficiency  of  Tooth  Pastes 

Still  another  application  of  the  apparatus,  and  one  cer¬ 
tainly  far  removed  from  tests  on  flooring,  was  its  use  to 
compare  the  relative  abrasive  efficiency  of  tooth  pastes. 
In  this  instance,  the  interest  was  in  comparison  of  different 
abrasives  against  a  standard  surface,  rather  than  compari¬ 
son  of  the  resistance  of  different  surfaces  to  a  standard  abra¬ 
sive.  A  much  smaller  machine  was  built  for  this  purpose, 
following  the  same  principles  as  those  already  described  for 
the  larger  machine.  The  miniature  apparatus  is  illustrated  in 
Figure  2. 

A  0.25-horsepower  motor,  a,  is  attached  to  the  gear-reducing 
unit,  b.  Through  the  eccentric,  c,  and  connecting  rod,  d,  the  ab¬ 
rading  element  is  given  a  reciprocating  motion  of  about  100 
strokes  per  minute.  The  steel  plunger,  d',  fits  snugly  into 
the  metal  shoe,  e,  the  bottom  of  which  is  surfaced  with  a  plate 
glass.  The  plunger  is  guided  by  a  brass  tube,  /.  A  glass  plate,  g, 
carrying  the  surface  to  be  abraded,  h,  is  held  in  place  by  two  iron 
clamps.  The  combined  weight  of  the  plunger  and  metal  shoe 
gives  a  load  of  160  grams. 

Abrasives  are  present  in  tooth  pastes  in  order  to  remove 
the  film  of  mucin  which  builds  up  on  the  teeth.  They  must 
be  sufficiently  abrasive  to  be  effective  but  not  so  drastic 
as  to  injure  the  teeth.  The  standard  surface  against  which 
the  tooth  pastes  were  compared  consisted  of  a  mucin  plaque 
prepared  as  follows.  A  suitable  quantity  of  mixed  human 
saliva  was  collected  and  centrifuged  to  throw  down  the  mucin 
(4).  This  mucin  was  then  spread  upon  a  thoroughly  clean 
flat  glass  plate  as  evenly  as  possible.  When  nearly  dry,  it  was 
subjected  to  the  vapors  of  formaldehyde  for  several  hours  in 
order  to  form  a  hard,  tough  film,  corresponding  closely  to  the 
mucin  films  formed  on  the  teeth.  The  plaques  so  produced 
were  about  10  cm.  (4  inches)  square,  and  each  was  marked 
into  four  equal  sections. 

In  order  to  simulate  conditions  of  use  exactly,  the  abrading 
element  would  have  to  be  a  brush,  corresponding  to  a  tooth¬ 
brush.  However,  use  of  a  brush  would  introduce  the  com¬ 
plication  of  having  varying  amounts  of  the  different  tooth 
pastes  run  up  into  the  bristles  and  out  of  contact  with  the 
mucin  plaque.  A  glass  surface  was  therefore  used  as  one 
offering  no  variables. 

In  carrying  out  the  tests,  definite  quantities  of  tooth 
paste  were  intimately  mixed  with  fresh  human  saliva  and 
the  mixture  was  deposited  on  one  section  of  the  mucin  plaque. 
Similar  mixtures  of  other  tooth  pastes  to  be  compared  were 
deposited  on  the  other  sections  of  the  plaque.  The  plaque 
was  then  set  in  place  in  the  machine  and  abrasion  applied  to 
the  extent  of  100  strokes  of  the  arm  on  each  of  the  four  sec¬ 
tions.  At  the  end  of  the  operation  the  plaque  was  removed, 
rinsed  gently,  and  the  four  sections  compared  as  to  relative 
degree  of  removal  of  the  film  and  presence  or  absence  of 
striations.  The  results  obtained  showed  definite  and  re¬ 
producible  differences  between  the  tooth  pastes  compared. 
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In  terms  of  any  one  accepted  as  standard,  greater  or  lesser 
abrasion  can  be  obtained  and  recorded  photographically. 

Summary 

The  apparatus  described  presents  a  method  of  relative 
comparison  of  wear  on  materials.  It  is  known  to  be  in  use  in 
industry  but  not  previously  described  and  has  the  following 
advantages : 

Normally  a  mild  rate  of  wear  is  obtained,  but  this  can  be 
varied  if  desired. 

No  special  equipment  is  required  for  preparation  of  the 
specimen. 

Adjacent  blocks  to  be  laid  alternately  in  the  same  floor 
can  be  compared. 

The  equipment  is  easily  assembled  in  any  laboratory. 

The  large  number  of  cycles  tends  to  eliminate  accidental 
variations. 

With  suitable  modification  it  is  applicable  to  many  types  of 
materials. 


It  has  the  following  disadvantages : 

The  large  number  of  cycles  requires  a  substantial  time  for 
the  operation. 

A  large  specimen  is  required  for  the  full-size  machine. 
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An  Inorganic  Liquid  Mixture  for  Temperature  Baths 

in  the  Range  100°  to  250°  C. 

BERT  E.  CHRISTENSEN  AND  ANNE  E.  KING 
Oregon  State  College,  Corvallis,  Ore. 


IT  IS  common  laboratory  practice  to  employ  for  temperature 
baths  in  the  range  100°  to  300°  C.  sulfuric  acid,  paraffin 
oils,  bath  waxes  ( 5 ,  8),  or  fusible  alloys  (3,  6,  7,  9),  all  of  which 
are  subject  to  rather  serious  limitations.  In  regard  to  other 
materials  (I,  2,  4)  which  can  be  used,  the  literature  is  indeed 
meager. 

In  connection  with  some  work  on  organic  oxidations  it  was 
necessary  to  employ  a  bath  ha-ring  the  following  specifications : 
(1)  temperature  range  125°  to  250°  C.,  (2)  relatively  high 
heat  capacity,  (3)  no  fuming  at  the  temperature  of  operation, 
(4)  transparent  after  long  usage,  (5)  material  easy  to  remove 
from  glassware,  and  ( 6 )  offering  no  fire  hazard. 

The  organic  substances  which  are  usually  employed  in  the 
work  do  not  meet  the  five  latter  requirements.  Of  the  in¬ 
organic  materials,  only  the  fusible  alloys  and  sulfuric  acid  can 
be  used  in  this  range.  Metal  baths  are  objectionable  on  two 
counts :  their  relatively  low  heat  capacities  and  high  specific 
gravities.  Sulfuric  acid  is  rather  satisfactory  except  that,  on 
account  of  fuming,  its  use  is  limited  to  the  hood,  and  some 
danger  is  entailed  in  handling  it  while  hot. 

Since  the  usual  fusible  salts  cannot  be  employed  in  this 
range,  other  inorganic  substances  were  investigated.  Of 
these,  ortho-  and  metaphosphoric  acids  appeared  to  have 
many  desirable  properties.  Metaphosphoric  acid  forms  a  clear 
liquid  above  150°  C.  which  solidifies  on  cooling.  A  series  of 
experiments  was  conducted  using  85  per  cent  orthophosphoric 
acid  as  a  diluent. 

Experimental 

Mixtures  containing  various  amounts  of  85  per  cent  ortho¬ 
phosphoric  acid  to  a  given  weight  of  metaphosphoric  acid 
were  prepared.  Before  being  employed  in  the  bath,  each  was 
given  an  initial  heat  treatment,  which  consisted  of  raising 
the  temperature  slowly  to  260°  C.  and  holding  until  rapid 
evolution  of  steam  had  ceased.  After  this  treatment,  the 
solutions  appeared  to  possess  constant  thermal  properties. 


Test  runs  were  made  on  various  mixtures  which  had  re¬ 
ceived  this  treatment,  to  determine  which  were  most  suitable 
for  use  over  the  given  temperature  range.  The  results  are 
tabulated  in  Table  I. 


Table  I.  Test  Runs 


Maximum  Temperature 

Before  HiO 

State  at 

Composition 

by  Weight 

evolved  on 

Before 

Room 

No. 

85%  H3P04 

HPOj 

second  heating 

fuming 

Temperature 

0  C. 

°  C. 

1 

1 

1 

Above  250 

340 

Solid 

2 

2 

1 

Above  250 

340 

Viscous 

3 

3 

1 

Above  250 

340 

Less  viscous 

4 

4 

1 

Above  250 

340 

Mobile 

5 

6 

1 

Above  250 

340 

Mobile 

For  most  purposes  No.  4  seemed  highly  satisfactory,  in 
that  it  is  liquid  at  room  temperature.  No.  2  can  be  used  more 
satisfactorily  in  the  higher  temperature  ranges  up  to  340°  C. 
but  is  solid  at  20°  C.  A  bath  such  as  No.  3  has  been  used 
for  over  a  month  in  this  laboratory  with  no  apparent  change 
in  properties. 

These  liquids,  in  addition  to  satisfying  all  the  aforemen¬ 
tioned  requirements,  possess  a  very  small  temperature 
gradient,  as  rising  temperature  causes  expansion  which  re¬ 
sults  in  the  circulation  of  the  liquid. 
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Volumetric  Determination  of  Sulfate  in  Water 

The  Barium  Chromate  Method 

MARGARET  D.  FOSTER,  U.  S.  Geological  Survey,  Washington,  D.  C. 


THE  barium  chromate  method  for  the  volumetric  deter¬ 
mination  of  sulfate  was  proposed  in  1889  by  Andrews 
(. 1} ,  who  stated  “The  process  depends  upon  the  following 
series  of  reactions:  First,  to  the  solution  of  a  sulfate  is  added 
an  excess  of  a  solution  of  barium  chromate  in  hydrochloric 
acid;  second,  the  solution  is  neutralized  with  ammonia  or 
calcium  carbonate  and  filtered;  third,  the  filtrate  is  acidified 
with  hydrochloric  acid,  potassium  iodide  added,  and  the  free 
iodine  titrated  with  decinormal  sodium  thiosulfate  solution.” 

This  description  implies  exact  equivalence  between  the 
chromate  determined  by  titration  and  the  sulfate  originally 
present  in  the  sample.  Under  the  conditions  of  the  deter¬ 
mination,  however,  barium  chromate  is  slightly  soluble. 
Several  investigators  (2,  3)  have  recommended  the  use  of  a 
blank  obtained  by  carrying  a  definite  portion  of  the  reagent 
solution  through  the  procedure  used  by  them,  to  correct  for 
the  barium  chromate  dissolved  under  the  conditions  ol  the 
determination  and,  therefore,  once  determined,  applicable  in 
all  subsequent  determinations  of  sulfate  by  the  method.  This 
1  is  true  if  the  reagent  is  free  of  impurities.  Most  of  the  barium 
chromate  available  on  the  market,  however,  contains  either 
i  soluble  barium  salts  or  soluble  chromates,  usually  the  latter. 
In  order  to  eliminate  error  from  these  sources  it  is  necessary  to 
determine  the  thiosulfate  requirement  of  each  new  reagent 
i  solution  made  up,  or  first  to  free  the  barium  chromate  of  im¬ 
purities  and  then  apply  a  correction  for  the  barium  chromate 
dissolved  under  the  conditions  of  the  determination.  As  the 
use  of  a  blank  is  necessary  in  either  case,  it  has  been  found 
more  practical  in  this  laboratory  to  purify  the  barium  chro¬ 
mate  partially  before  the  preparation  of  the  reagent  solution 
by  a  simple  process,  in  order  to  reduce  the  quantity  of  soluble 
chromate  or  soluble  barium  salts  present,  and  then  to  de¬ 
termine  the  blank  on  each  new  reagent  solution  made  up. 
The  blank  represents  in  this  case  barium  chromate  soluble 
under  the  conditions  of  the  determination  plus  soluble  chro- 
mate  in  the  reagent  or  minus  an  amount  of  soluble  chromate 
equivalent  to  soluble  barium  salts  in  the  reagent. 

Purification  and  Preparation  of  Reagent 

Dissolve  25  grams  of  barium  chromate  in  N  hydrochloric  acid, 
make  the  volume  up  to  approximately  2  liters  with  distilled 
water,  precipitate  the  barium  chromate  with  ammonium  hydrox- 
.  ide,  wash  three  or  four  times  by  decantation  with  distilled  water, 
and  redissolve  in  as  little  N  hydrochloric  acid  as  possible.  De¬ 
termine  the  strength  of  the  solution  iodometrically  (using  5  ml.) 
and  dilute  so  that  1  liter  contains  approximately  7.5  grams  of 
!  barium  chromate.  A  dilution  of  four  times  is  usually  necessary 
to  obtain  a  solution  of  this  strength,  making  the  acidity  0.25  N. 

Determination  of  the  Blank 

Carry  a  series  of  samples  containing  known  amounts  of 
sulfate  (5,  10,  15,  and  20  mg.)  through  the  procedure  for  the 
determination  of  sulfate.  The  difference  between  the  thio¬ 
sulfate  titration  for  the  5-mg.  SO4  sample  and  that  for  the 
10-mg.  sample  represents  the  amount  of  thiosulfate  required 
by  chromate  equivalent  to  5  mg.  of  S04.  This  volume,  sub¬ 
tracted  from  the  titration  obtained  on  the  5-mg.  sample, 
gives  the  volume  of  thiosulfate  solution  required  for  dissolved 
barium  chromate  and  soluble  chromate  in  the  reagent.  Simi¬ 
lar  calculations  for  the  titrations  on  the  other  samples  give  a 
1  series  of  results  from  which  to  calculate  the  average  blank. 
The  following  slightly  modified  procedure,  with  the  use  of 


a  blank  determined  as  described,  has  been  found  to  give  re¬ 
sults  consistent  with  those  obtained  gravimetrically. 

Procedure 

Measure  100  ml.  of  the  water  sample  into  a  250-nd.  Erlen- 
meyer  flask  and  make  just  acid  to  methyl  orange  (1  drop)  with  N 
hydrochloric  acid,  added  dropwise.  Add,  at  room  temperature, 
10  ml.  of  barium  chromate  solution  (7.5  grams  of  barium  chro¬ 
mate  in  1  liter  of  0.25  N  hydrochloric  acid).  Allow  the  sample  to 
stand  10  minutes,  swirling  the  flask  several  times  during  this 
period.  Precipitate  the  excess  barium  chromate  with  ammonium 
hydroxide,  adding  3  drops  in  excess  of  the  amount  necessary  to 
change  the  color  from  orange  yellow  to  lemon  yellow  (a  total  of 
6  drops  is  usually  sufficient  when  10  ml.  of  the  chromate  reagent 
are  used  for  the  precipitation),  and  again  allow  the  sample  to 
stand  10  minutes,  swirling  and  shaking  several  times  as  before. 
The  swirling  accelerates  coagulation,  so  that  the  subsequent 
filtration  is  rapid  and  clean.  Filter,  catching  the  filtrate  in  an¬ 
other  250-rnl.  Erlenmeyer  flask,  and  wash  the  precipitate  several 
times  with  a  fine  stream  of  distilled  water.  Add  to  the  filtrate 
10  ml.  of  10  per  cent  potassium  iodide  solution  and  2  ml.  of  hy¬ 
drochloric  acid  (sp.  gr.  1.18  to  1.19)  and  mix  carefully  with  a 
glass  stirrer.  After  10  minutes  titrate,  while  rotating  the  flask 
gently,  with  0.05  N  sodium  thiosulfate  (1  ml.  =  1.64  mg.  of 
S04),  using  starch  solution  as  indicator.  From  the  milliliters  of 
thiosulfate  required  for  the  titration  subtract  the  blank,  pre¬ 
viously  determined,  and  multiply  the  remainder  by  16.4  (if  a 
100-ml.  sample  has  been  used)  to  get  parts  per  million  of  S04. 

One  hundred  water  samples  on  which  the  sulfate  had  been 
determined  gravimetrically  in  the  course  of  regular  com¬ 
plete  analysis  were  tested  by  the  procedure  and  the  use  of  a 
blank  determined  as  described  in  this  paper.  The  samples 
tested  contained  from  2  to  1786  parts  per  million  of  S04,  but 
for  each  test  a  volume  of  the  sample  containing  not  more  than 
25  mg.  of  S04  was  used.  The  results  obtained,  compared 
with  the  gravimetric  results  on  the  same  sample,  are  shown  in 
Figure  1.  The  value  (in  mg.  of  S04)  used  for  plotting  was  the 
SO*  content  of  the  sample  taken  for  the  test.  With  few  ex¬ 
ceptions  the  results  obtained  by  the  barium  chromate  method 
check  those  obtained  gravimetrically  within  ±0.2  mg. 

The  interfering  effects  of  aluminum,  zinc,  nickel,  and  iron 
have  been  mentioned  by  various  investigators.  Natural 
waters,  however,  rarely  contain  more  than  a  few  tenths  of  a 
part  per  million  of  aluminum,  zinc,  or  nickel,  and  an  examina¬ 
tion  of  more  than  650  analyses  of  waters  from  all  parts  of  the 
United  States  shows  that  in  practically  all  alkaline  waters 
iron  in  excess  of  0.1  part  per  million  is  precipitated  within  a 
few  hours  after  the  waters  come  from  the  ground.  These 
constituents  might,  however,  be  present  in  other  substances 
tested  in  quantities  sufficient  to  affect  the  results.  Calcium, 


Figure  1.  Difference  between  Results  for  S04 

Difference  in  results  obtained  by  chromate  method  and  those  obtained  gravi¬ 
metrically  in  the  course  of  regular  complete  analyses  of  water  samples. 
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Colorimetric  Estimation  of  Peroxides  in 
Unsaturated  Compounds 

CHARLES  A.  A  OUNG,  R.  R.  A  OGT.  AND  J.  A.  NIEUWLAND,  University  of  Notre  Dame,  Notre  Dame.  Ind. 


THE  chief  methods  of  estimating  the  peroxides  in  un¬ 
saturated  organic  compounds  are  based  on  the  oxidation 
of  either  potassium  iodide  or  a  ferrous  salt  by  the  peroxides. 
For  example,  Marks  and  Morrell  ( 2 )  use  a  solution  of  potas¬ 
sium  iodide  in  glacial  acetic  acid.  After  the  iodine  is  lib¬ 
erated,  the  solution  is  diluted  with  water  and  the  free  iodine 
titrated  with  standard  sodium  thiosulfate.  A  considerable 
error  may  be  introduced  by  the  addition  of  iodine  to  the  un- 
saturated  linkage,  particularly  since  the  rate  of  addition  in 
many  cases  is  greatly  accelerated  by  the  presence  of  peroxides. 

Yule  and  Wilson  (3)  estimate  peroxides  in  cracked  gasoline 
by  shaking  it  wdth  an  acidified  solution  of  ferrous  sulfate  and 
ammonium  thiocyanate  in  a  50  per  cent  acetone-water  mix¬ 
ture.  The  ferric  thiocyanate  which  is  formed  is  titrated  with 
a  standard  titanous  chloride  solution.  Several  improvements 
in  this  method  are  desirable.  Instead  of  using  as  the  solvent 
50  per  cent  acetone,  in  which  most  hydrocarbons  have  a 
limited  solubility,  it  is  preferable  to  use  a  solvent  which  is 
miscible  with  hydrocarbons.  It  is  also  desirable  to  estimate 
the  ferric  thiocyanate  formed  by  the  peroxides  by  some  means 
other  than  standard  titanous  chloride,  in  order  to  avoid  the 
difficulties  inherent  in  the  use  of  this  reagent.  Since  minute 
quantities  of  ferric  thiocyanate  produce  an  intense  colora¬ 
tion  when  in  solution,  it  is  possible  and  advantageous  to  de¬ 
termine  the  ferric  thiocyanate  colorimetrically.  The  conven¬ 
ience  and  rapidity  of  colorimetric  procedures  are  well  known. 

In  selecting  a  solvent  there  are  two  important  factors  to  be 
considered:  (1)  the  solvent  should  dissolve  an  appreciable 
quantity  of  the  inorganic  salts  used,  and  (2)  the  solvent 
should  be  miscible  with  the  organic  compounds  which  are  to 
be  analyzed.  Absolute  methyl  alcohol  meets  these  require¬ 
ments. 

Preparation  of  the  Reagent 

The  reagent  is  prepared  by  dissolving  5  grams  of  ammonium 
thiocyanate  and  5  cc.  of  6  A  sulfuric  acid  in  1000  cc.  of  abso¬ 
lute  methyl  alcohol,  and  then  saturating  the  solution  with 
pure  ferrous  ammonium  sulfate.  Shaking  the  solution  with 
the  finely  pulverized  salt  for  a  few  minutes  is  sufficient.  The 
faint  pink  color  which  is  formed  may  be  evaluated  by  com¬ 
paring  it  with  a  suitable  color  standard.  The  results  of 
analyses  may  then  be  corrected  for  the  trace  of  ferric  thiocya¬ 
nate  present  in  the  reagent.  The  faint  pink  color  in  the  re¬ 
agent  does  not  deepen  appreciably  over  a  period  of  an  hour  or 
so.  The  usefulness  of  the  reagent  may  be  extended  to  much 
longer  periods  by  keeping  the  reagent  in  an  inert  atmosphere. 

Preparation  of  the  Color  Standard 

Solutions  of  ferric  thiocyanate  in  absolute  methyl  alcohol 
are  used  as  color  standards.  In  order  to  make  the  colori¬ 
metric  comparisons  conveniently  and  accurately,  the  con¬ 
centration  of  the  standard  solution  should  not  differ  more 
than  two-  or  threefold  from  that  of  the  solution  whose  color 
is  being  determined.  Furthermore,  since  solutions  of  ferric 
thiocyanate  in  methyl  alcohol  fade  slowly  on  standing,  the 
standard  solutions  should  be  freshly  prepared  each  day. 
This  may  be  accomplished  by  adding  ammonium  thiocyanate 
and  sulfuric  acid,  in  the  same  proportions  used  in  preparing 
the  reagent,  to  standard  solutions  of  ferric  chloride  in  absolute 


methyl  alcohol.  For  colorimeters  of  the  Duboscq  type,  it  is 
recommended  that  the  concentrations  of  the  ferric  chloride 
solutions  range  from  0.00004  to  0.001  mole  per  liter.  Three 
concentrations  are  sufficient  for  ordinary  purposes.  In 
case  any  ferric  chloride  has  been  reduced  to  the  ferrous  state, 
a  small  amount  of  active  peroxide  may  be  added. 

Procedure 

If  the  compound  being  analyzed  is  a  liquid  having  a  moderate 
peroxide  concentration,  it  is  added  directly  to  the  reagent  by 
means  of  a  small  pipet  or  buret.  Otherwise  a  solution  in  absolute 
methyl  alcohol  is  made,  and  the  concentration  so  adjusted  that, 
when  quantities  of  the  solution  ranging  from  0.05  to  0.5  cc.  are 
added  to  10-cc.  portions  of  the  reagent,  a  color  equivalent  to 
0.00002  to  0.0002  mole  of  ferric  thiocyanate  per  liter  is  produced. 
With  many  compounds,  such  as  butvlacetylene  and  1-hexene,  the 
color  reaches  a  maximum  intensity  within  a  few  seconds,  and  the 
solution  is  then  immediately  compared  with  a  color  standard 
having  approximately  the  same  concentration.  Some  peroxides, 
such  as  the  one  found  in  diamylene,  react  with  the  reagent  rather 
slowly.  In  such  cases  the  reaction  may  be  greatly  accelerated 
by  heating  the  solution  to  just  below  boiling  for  4  or  5  minutes. 
The  quantity  of  peroxide  detected  by  this  method  is  propor¬ 
tional  to  the  amount  present  in  the  solution.  The  results  of  an 
analysis  are  reproducible. 

Discussion 

Potassium  iodide  is  more  easily  oxidized  than  is  ferrous  sul¬ 
fate,  as  the  molal  electrode  potentials  of  the  ferrous  and  the 
iodide  ions  show.  Certain  peroxides,  such  as  benzoyl  per¬ 
oxide,  readily  liberate  iodine  from  potassium  iodide,  but  re¬ 
act  extremely  slowly,  if  at  all,  with  ferrous  sulfate.  Conse¬ 
quently,  if  some  organic  material  contains  a  wide  variety  of 
peroxides,  it  is  possible  that  a  portion  of  the  peroxides  is  not 
determined  by  a  method  using  a  ferrous  salt  as  the  reducing 
agent.  Yule  and  Wilson  (3)  found  that  after  an  exhaustive 
treatment  of  cracked  gasoline  with  ferrous  sulfate,  there  still 
remained  a  small  amouht  of  peroxide  which  oxidized  potas¬ 
sium  iodide.  Nevertheless,  since  potassium  iodide  cannot 
be  used  with  many  peroxides  of  unsaturated  compounds,  the 
ferrous  sulfate  methods  are  very  useful  for  comparative  pur¬ 
poses  even  where  complete  reduction  of  all  peroxides  is  not 
obtained. 

Table  I.  Comparison  of  Methods 

Y ule  and  Wilson  Colorimetric 

Cracked  gasoline  0.025  0.036 

Butylacetylene  0.23  0.29 

Diamylene  0.30  0.54 

The  accuracy  of  the  colorimetric  method  presented  here 
has  been  studied  by  means  of  dilute  solutions  of  hydrogen 
peroxide  of  known  concentrations  and  by  means  of  pure  prepa¬ 
rations  of  succinyl  peroxide  (HOOC.CH2.CH2.COO)2.  For 
example,  the  concentration  of  a  hydrogen  peroxide  solution 
as  given  by  the  standard  potassium  permanganate  method 
was  0.0279  mole  per  liter,  while  the  colorimetric  procedure 
gave  0.028  mole  per  liter.  The  succinyl  peroxide  was  pre¬ 
pared  by  the  method  of  Clover  and  Houghton  ( 1 ),  and  was 
recrystallized  twice  from  acetone.  The  calculated  weight 
per  cent  of  active  oxygen  in  succinyl  peroxide  is  6.83  per  cent; 
obtained  7.0  per  cent. 

For  fuller  evaluation  of  the  merits  of  the  colorimetric  pro¬ 
cedure,  it  was  compared  with  the  method  of  Yule  and  Wilson 
(3).  In  calculating  the  results  of  an  analysis,  the  reasonable 
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assumption  was  made  that  each  mole  of  peroxide  reacted  with 
two  equivalents  of  ferrous  sulfate.  The  comparison  of  the 
two  methods  is  presented  in  Table  I,  the  results  being  re¬ 
ported  in  terms  of  gram  equivalents  of  active  oxygen  per  liter 
of  hydrocarbon. 

The  lower  results  given  by  the  method  of  Yule  and  Wilson 
are  probably  due  to  the  incomplete  reduction  of  the  peroxides, 
for  the  reacting  substances  are,  on  the  whole,  concentrated 
in  two  different  layers.  The  more  peroxide  there  is  present, 
the  more  difficult  it  becomes  to  obtain  a  quantitative  reduc¬ 
tion.  Yule  and  Wilson  have  noted  that  an  increase  in  per¬ 
oxide  concentration  does  not  give  a  proportionate  increase  in 
!  the  quantity  of  peroxide  detected  by  their  method. 


Summary 

A  method  is  presented  for  the  colorimetric  estimation  of 
peroxides  in  unsaturated  organic  compounds,  based  on  the 
oxidation  of  ferrous  sulfate  in  the  presence  of  ammonium 
thiocyanate,  using  absolute  methyl  alcohol  as  the  solvent. 
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Volumetric  Determination  of  Iodides 


by  Ceric  Sulfate 

An  Application  of  the  Indicator  o-Phenanthroline  Ferrous  Ion 


DAVID  LEWIS,  College  of  the  City  of  New  York,  New  York,  N.  Y. 


1 1  iHE  direct  oxidative  titration  of  iodides  to  a  visual  end 
_I  point  depends,  in  most  procedures,  upon  the  conversion 
of  the  initially  liberated  iodine  to  the  cationic  or  covalent 
!  state.  The  end  point  is  the  disappearance  of  iodine,  and  it  is 
in  the  manner  of  determining  this  disappearance  that  the 
various  methods  differ.  Each  is  subject  to  certain  disad¬ 
vantages,  either  of  manipulation  or  of  estimating  the  end 
point. 

In  Andrews’  method  ( 1 )  an  immiscible  organic  solvent,  such  as 
chloroform,  must  be  used  to  detect  the  oxidation  of  the  iodine 
to  iodine  monochloride.  Addition  of  oxidizing  agent,  with 
shaking  after  each  addition,  is  continued  until  the  violet  iodine 
color  is  discharged  from  the  layer  of  inert  solvent.  Lang’s 
procedure  ( 6 )  is  more  direct.  Titration  is  continued  to  the  dis¬ 
appearance  of  the  blue  starch-iodide  color  which  occurs  at  the 
conversion  of  the  iodine  to  iodine  cyanide.  To  minimize  the 
clanger  of  working  with  an  acid  solution  of  a  cyanide,  it  is  neces¬ 
sary  to  use  long,  narrow-necked  flasks.  In  Berg’s  method  (2) 
the'  iodine  liberated  in  the  oxidation  reacts  with  acetone  to  form 
iodoacetone.  Starch  is  the  indicator.  As  the  end  point  is  ap¬ 
proached  each  drop  of  oxidizing  agent  produces  a  blue  color 
which  is  slowly  discharged.  The  end  point  is  reached  when 
further  addition  of  oxidant  no  longer  produces  a  blue  color. 
The  most  common  oxidizing  agent  is  potassium  iodate,  although 
Swift  (7)  has  shown  that  potassium  permanganate,  potassium 
dichromate,  and  ceric  sulfate  can  be  used  in  the  Andrews  pro¬ 
cedure,  and  Berg  (8)  has  shown  the  utility  of  potassium  bromate 
in  the  cyanide  method. 

In  the  method  to  be  described  the  disadvantages  of  these 
methods  are  eliminated  by  avoiding  the  use  of  an  iodine  end 
point.  A  previous  attempt  in  this  direction  was  made  by 
Hahn  and  his  co-workers  (-5),  who  proposed  titration  to  a  per¬ 
manganate  end  point,  without,  however,  eliminating  the  in¬ 
convenience  of  a  two-phase  system.  The  iodine  liberated  in 
the  oxidation  had  to  be  extracted  (with  ethyl  acetate)  to  per¬ 
mit  detection  of  the  end  point. 

The  present  method  is  based  upon  Berg’s  procedure  for  the 
elimination  of  iodine  by  the  acid  catalyzed  iodination  of  ace¬ 
tone.  By  the  use  of  ceric  ion  as  oxidizing  agent  and  o-phe- 
nanthroline  ferrous  ion  as  indicator,  the  titration  of  iodides  can 
be  performed  rapidly,  precisely,  and  accurately. 

Reagents 

Two  ceric  sulfate  solutions  were  prepared  by  dissolving  ceric 
ammonium  sulfate  in  M  sulfuric  acid,  and  were  standardized 


against  sodium  oxalate  by  the  method  of  Walden,  Hammett,  and 
Chapman  (§).  Solution  I  was  0.1074  M;  solution  II,  0.09982  M. 

An  approximately  0,1  M  solution  of  purified  potassium  iodide 
was  used  throughout  these  experiments.  It  was  standardized 
against  the  ceric  sulfate  solutions,  the  end  point  being  deter¬ 
mined  electrometrically — a  procedure  shown  to  be  exact  by  Wil¬ 
lard  and  Young  (9). 

Acetone  was  of  reagent  grade  and  the  potassium  bromide, 
sodium  chloride,  and  sulfuric  acid  were  of  c.  p.  grade.  Blanks  on 
these  materials  in  the  amounts  used  in  the  experiments  required  a 
fraction  of  a  drop  of  ceric  sulfate  to  change  the  color  of  the  indica¬ 
tor. 

The  solution  of  o-phenanthroline  ferrous  sulfate  was  0.025  M. 

Method  of  Analysis 

A  measured  volume  of  the  iodide  solution  is  treated  with 
25  ml.  of  acetone,  10  ml.  of  9  M  sulfuric  acid,  and  water  to 
make  the  volume  100  ml.  After  adding  one  drop  of  o-phe¬ 
nanthroline  ferrous  sulfate  solution,  the  mixture  is  titrated 
with  the  ceric  sulfate  until  the  pink  color  of  the  indicator 
changes  to  a  pale  blue.  The  end  point  is  sharp  and  lasts 
several  minutes. 

The  rate  at  which  the  oxidant  is  added  does  not  affect  the 
results.  At  the  start  of  a  titration  rapid  addition  of  the  ceric 
sulfate  may  cause  the  solution  to  be  colored  brown  by  free 
iodine,  which  rapidly  disappears  on  interrupting  the  titration 
and  stirring  a  few  seconds.  It  is  desirable  to  conduct  the  ti¬ 
tration  in  flasks,  since  iodoacetone  is  a  lachrymator. 

Results 

Table  I  illustrates  the  precision  with  which  this  titration  can 
be  performed.  There  is  no  difficulty  in  obtaining  checks 
better  than  one  part  per  thousand. 

From  these  results  the  normality  of  the  iodide  solution  is 
found  to  be  exactly  twdce  the  molarity  as  determined  poten- 
tiome  trie  ally.  Assuming  monoiodination  of  the  acetone,  the 
reaction  may  be  represented  as 

KI  +  2Ce(S04)2  +  C3H60  =  KHS04  +  Ce2(S04)3  +  C3H5OI 

It  is  unnecessary  to  adhere  strictly  to  the  conditions  for  the 
titration  as  given  above.  Equally  good  results  are  obtained 
if  5  or  15  ml.  of  acid  are  used  or  if  the  solution  is  diluted. 
Such  changes  merely  affect  the  rate  of  reaction  of  the  iodine 
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Table  I. 

Precision  Attainable 

Potassium  Iodide 

Ceric  Sulfate 

Ml. 

Ml. 

Solution  I,  0.1074  M 

10.00 

18.67 

18.69 

18.70 

18.69 

18.70 

Av.  18.69 

Av.  deviation  0.8  part  per  1000 

Solution  II,  0.09982  M 

10.00 

20.10 

20.10 

20.00 

40.20 

5.00 

10.04 

Av.  deviation  0.1  part  per  1000 

Table  II.  Effect  of  Varying  Concentration  of 
Acid  .and  Volume  of  Solution 

(10.00  ml.  of  potassium  iodide  and  25  ml.  of  acetone  in  each  titration. 
Ceric  sulfate  required,  18.69  ml.) 


Volume  at  Start 

9  M  H2S04 

Ceric  Sulfate  Feed 

Ml. 

Ml. 

Ml. 

100 

1 

18.75 

100 

5 

18.70 

100 

15 

18.68 

100 

20 

18.61 

145 

30 

18.60 

100 

30 

18.43 

200 

20 

18.69 

Table  III.  Effect  of  Bromide 

(10.00  ml.  of  potassium  iodide  and  25  ml.  of  acetone  in  each  titration. 
Ceric  sulfate  required,  18.69  ml.) 


0.1  M  KBr 

Volume  at  Start 

9  M  ILSCL 

Ceric  Sulfate  Used 

Ml. 

Ml. 

Ml. 

Ml. 

5 

100 

10 

18.70 

10 

100 

10 

18.72 

15 

100 

10 

18.85 

10 

200 

20 

18.68 

15 

200 

20 

18.71 

20 

200 

20 

18.75 

30 

300“ 

30 

18.72 

50 

300“ 

30 

18.76 

°  35  ml.  oi  acetone. 


with  the  acetone,  which  is  proportional  to  the  concentration 
of  acid  and  of  acetone  (4).  Too  little  acid  is  undesirable, 
since  it  leads  to  slightly  high  results  and  the  titration  is  time- 
consuming,  while  too  high  a  concentration  of  acid  leads  to 
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low  results  and  a  fleeting  end  point.  The  data  in  Table  II 
show  the  effect  of  varying  these  conditions. 

Effect  of  Bromide.  Measured  volumes  of  0.1  M  po¬ 
tassium  bromide  were  added  to  the  iodide  and  the  titration 
was  performed  as  described  above.  In  general,  more  ceric 
sulfate  is  required  than  for  iodide  alone.  The  larger  the  ratio 
of  bromide  to  iodide,  the  greater  is  the  excess  of  ceric  sulfate 
necessary  to  reach  an  end  point  lasting  1  minute.  This  inter¬ 
ference  can  be  almost  entirely  eliminated  by  diluting  the  solu¬ 
tion  sufficiently  while  keeping  the  acid  concentration  approxi¬ 
mately  constant.  Within  the  limits  investigated  it  was  pos¬ 
sible  to  titrate  the  iodide  with  an  accuracy  of  3  to  4  parts  per 
thousand  when  the  bromide-iodide  ratio  was  5  to  1.  The  re¬ 
sults  of  several  of  these  titrations  are  given  in  Table  III. 

Effect  of  Chloride.  Moderate  amounts  of  neutral 
chloride  do  not  interfere.  Titrations  in  the  presence  of  0.5, 
1.0,  and  5.0  grams  of  sodium  chloride  required  20.10,  20.16, 
and  20.23  ml.  of  ceric  sulfate,  compared  to  20.10  ml.  for 
iodide  alone.  In  the  titration  with  5.0  grams  of  chloride 
present,  precipitation  of  the  salt  occurred.  The  excess  ceric 
sulfate  required  with  the  larger  amounts  of  chloride  may  be 
due  to  the  formation  of  hydrochloric  acid,  since  titrations  of 
iodide  alone  in  which  hydrochloric  acid  was  substituted  for 
the  sulfuric  acid  used  excess  ceric  sulfate. 

Summary- 

In  the  presence  of  acetone  and  sulfuric  acid  iodides  may  be 
titrated  quantitatively  with  ceric  sulfate  to  a  visual  end  point, 
using  o-phenanthroline  ferrous  ion  as  indicator.  The  effect 
of  bromides  and  chlorides  on  this  titration  has  been  deter¬ 
mined. 
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Standardization  of  Sodium  Thiosulfate  Iodometrically  against  Copper 


LYLE  O.  HILL 

Central  Y.  M.  C.  A.  College,  Chicago,  III. 

THE  method  of  standardizing  sodium  thiosulfate  against 
copper  and  of  determining  copper  in  samples  which 
are  soluble  in  nitric  acid  as  outlined  by  Gooch  and  Heath  (1) 
requires  long  evaporations.  Kendall  (2)  has  pointed  out 
that  these  evaporations  eliminate  nitrous  acid.  The  use  of 
urea  for  the  elimination  of  nitrous  acid  was  worked  out 
independently  by  the  author.  Afterwards,  in  a  careful 
study  of  the  literature  it  was  found  that  Koelseh  (8)  sug¬ 
gested  a  procedure  essentially  the  same  as  that  given  be¬ 
low  and  that  Pozzi-Escot  (4)  also  suggested  the  use  of  urea, 
employing,  however,  a  much  longer  procedure.  It  is  felt  that 
this  simple  method  has  been  overlooked  and  should  be  called 
to  the  attention  of  the  analytical  chemist.  Results  with  this 
method  agree  with  those  of  Gooch  and  Heath  (I)  within  one 
part  per  thousand. 


Procedure 

Weigh  a  sample  of  pure  copper,  0.2  to  0.3  gram.  Dissolve  the 
sample  in  2  to  5  ml.  of  concentrated  nitric  acid.  Add  0.5  gram 
of  urea  and  heat  to  boiling.  Cool,  adjust  the  acidity  by  adding 
6W  ammonium  hydroxide  until  a  white  precipitate  is  formed, 
dissolve  the  precipitate  with  6  N  acetic  acid,  and  add  5  ml.  in 
excess.  Add  3  grams  of  potassium  iodide,  allow  to  stand  2 
minutes,  and  titrate  the  liberated  iodine  with  sodium  thio¬ 
sulfate  solution.  Starch  is  used  as  an  indicator  (2  ml.  of  1 
per  cent  solution)  and  should  be  added  about  1  ml.  before  the 
end  point  is  reached. 

Variations  in  concentration  of  N03~  and  NH4+  have  no 
effect  on  the  final  precision. 
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Microdetermination  of  Ammonia  Nitrogen 

in  Eggs 
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Michigan  Agricultural  Experiment  Station,  East  Lansing,  Mich. 


INTERIOR  quality  of  shell 
eggs  is  commonly  and  most 
conveniently  determined  in  com¬ 
merce  upon  the  unopened  egg 
by  means  of  candling.  Physi¬ 
cal  methods  that  measure  quality 
more  precisely  have  been  de¬ 
scribed  for  eggs  which  may  be 
broken  out  (3,  4 )•  Chemical 
methods  have  not  found  applica¬ 
tion  in  this  field  except  for  com¬ 
paratively  few  studies  of  the 
loosely  bound  nitrogen  (2,  5). 

The  chemical  procedure  hitherto 
followed  has  been  an  adaptation 
of  the  Folin  aeration  method  for 
ammonia  in  urine — that  is, 
aeration  of  an  alkaline  solution 
of  the  material,  absorption  of  the  ammonia  by  excess  standard 
acid,  and  its  subsequent  determination  by  titration  or  nessleri- 
zation. 

The  aeration  method  has  many  disadvantages,  especially 
when  applied  to  the  estimation  of  the  extremely  small  amounts 
of  ammonia  in  egg  materials.  It  involves  a  complicated 
setup  of  wash  bottles,  aeration  tubes,  absorption  tubes,  ma¬ 
nometers,  pressure  regulators,  and  traps,  since  the  volume  of 
air,  its  rate  of  flow,  and  its  pressure  must  be  carefully  regu¬ 
lated  and  its  freedom  from  ammonia  insured  (2,  5).  Exces¬ 
sive  foaming  must  be  prevented,  which  is  very  difficult  with 
egg  materials.  The  time  involved  for  aeration  is  between  4 
and  5  hours,  and  the  attention  of  the  operator  is  required 
during  this  period. 

To  overcome  the  inconvenience  of  the  aeration  method  an 
attempt  was  made  to  use  the  absorption  process  described  by 
Conway  and  Byrne  ( 1 ),  but  it  was  found  necessary  to  modify 
this  procedure  to  adapt  it  to 
the  purpose  at  hand.  The  prin¬ 
ciple  involved  is  the  liberation 
of  ammonia  by  a  saturated  po¬ 
tassium  carbonate  solution  and 
its  absorption  in  standard  acid  as 
before,  but  instead  of  its  removal 
by  aeration,  the  volatility  of  the 
ammonia  is  employed  for  this  pur¬ 
pose. 

Apparatus 

Cells  were  made  from  tops  of 
10-cm.  Petri  dishes.  The  rims  of 
these  dishes  were  ground  to  a 
smooth  surface  on  a  piece  of  plate 
glass  with  the  aid  of  fine  Carborun¬ 
dum  powder  and  water.  Glass 
rings  5  cm.  in  diameter  and  of  a 
height  slightly  less  than  that  of  the  side  walls  were  centered  in 
the  dishes  and  sealed  in  place  with  de  Khotinsky  cement,  which 
in  turn  was  coated  with  beeswax  to  protect  the  cement  from 
the  alkali  used.  This  wax  coating  had  to  be  renewed  at  in¬ 
tervals.  An  all-glass  cell  proved  very  satisfactory  but  was 
unduly  expensive.  Covers  were  glass  plates  with  a  ground 


surface  and  when  used  were 
coated  with  a  thin  film  of  vase¬ 
line  to  insure  a  gas-tight  seal. 
By  slipping  the  cover  horizon¬ 
tally  until  there  was  an  opening 
just  large  enough  for  the  tip  of 
a  pipet,  solutions  were  added  to 
the  cell  without  either  absorp¬ 
tion  of  ammonia  from  the  at¬ 
mosphere  or  loss  of  ammonia 
from  the  cell.  Figure  1  shows 
the  cell  and  indicates  the  method 
of  introduction  of  materials.  In 
washing  these  cells  it  was  found  • 
advisable  to  rinse  them  in  a  1  to 
1  hydrochloric  acid  solution  to 
remove  the  last  traces  of  the 
alkali,  especially  from  the  inner 
chamber.  Ostwald-Folin  pipets  were  used  to  sample  the  egg 
material.  Tips  were  adjusted  to  allow  rapid  delivery  and 
they  were  then  calibrated  to  deliver  5  cc.  of  egg  white,  yolk, 
diluted  yolk,  or  mixed  whole  egg.  An  electrically  heated 
cabinet  kept  at  38°  ±  1°  C.  by  means  of  a  thermostat  was 
used  to  heat  the  cells  for  the  required  time. 

Solutions  Required 

The  acid  used  was  0.005  N  hydrochloric  acid,  made  by 
diluting  0.10  N  hydrochloric  acid,  and  contained  the  indicator. 
The  indicator,  adapted  from  that  described  by  Tashiro  and 
modified  by  Conway  (1),  was  prepared  by  dissolving  0.08 
gram  of  the  sodium  salt  of  methyl  red  and  0.02  gram  of 
methylene  blue  separately  in  alcohol,  mixing,  and  making  up 
to  100  cc.  with  alcohol.  One  cubic  centimeter  of  this  solution 
was  added  to  each  100  cc.  of  the  standard  acid  before  making 
to  volume.  With  this  indicator  the  end  point  was  that  point 

at  which  the  least  color  was 
present,  the  solution  having  a 
grayish  tinge  between  the  red  of 
the  acid  and  the  green  of  the  alka¬ 
line  colors.  The  end  point  was 
very  sharp  and  readily  reproducible, 
titrations  checking  within  0.01  cc. 
The  excess  acid  was  determined  by 
titration  with  0.0025  N  sodium  hy¬ 
droxide,  also  prepared  by  diluting  a 
0.1  A  solution  and  standardized 
each  day  against  the  acid.  A 
saturated  potassium  carbonate  solu¬ 
tion  was  used  to  liberate  the  am¬ 
monia  from  the  egg  mixtures. 
Ammonia-free  water  prepared  by 
distilling  distilled  water  containing 
a  small  amount  of  potassium  acid 
sulfate  was  used  throughout,  and  it 
was  found  advisable  to  carry  out  the  determinations  in  an 
ammonia-free  atmosphere.  Suitable  blanks  were  run. 

Method 

This  method  was  used  for  whites  and  yolks  separately  and 
for  mixed  whole  eggs.  The  eggs  to  be  examined  were 


A  method  for  the  determination  of  am¬ 
monia  nitrogeq  in  eggs  without  aeration  is 
described.  The  ammonia  is  absorbed  in 
standard  acid  from  a  thin  layer  of  an  alka¬ 
line  solution  of  the  sample  in  a  modifica¬ 
tion  of  the  Conway-Byrne  cell.  It  has 
many  advantages  over  the  troublesome 
aeration  methods  in  that  larger  numbers  of 
samples  may  be  run  simultaneously  and 
the  operation,  control,  and  equipment  are 
simpler.  Data  are  presented  to  show  the 
reliability  and  accuracy  of  the  procedure. 
Directions  are  given  for  the  fabrication  of 
the  modified  Conway-Byrne  cell. 


Figube  1.  Absorption  Cell,  Indicating 
Method  of  Introducing  Materials 
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broken  out  into  Petri  dishes  and  samples  taken  as  described 
below. 

Egg  White.  Place  in  the  inner  chamber  5  cc.  of  0.005  N 
hydrochloric  acid  from  a  calibrated  pipet  and  in  the  outer  cham¬ 
ber  approximately  2  cc.  of  ammonia-free  water.  Cover  the  cell. 
Slip  the  cover  horizontally  slightly  to  provide  a  narrow  opening 
and  add  to  the  outer  chamber  5  cc.  of  the  liquid  white  from  the 
pipet  calibrated  for  this  purpose.  Close  the  cell  and  mix  the 
contents  by  gently  tilting  and  rotating.  Introduce  approxi¬ 
mately  2  cc.  of  saturated  potassium  carbonate  solution  into  the 
outer  chamber  and  again  mix  the  contents  as  before.  Place  the 
cells  in  stacks  with  a  kilogram  weight  on  top  in  the  cabinet  kept  at 
38°  C.  for  1.5  hours.  At  the  end  of  this  period,  titrate  the  excess 
acid  with  0.0025  N  sodium  hydroxide  solution,  and  calculate  the 
ammonia  to  milligrams  of  ammonia  nitrogen  per  100  cc.  of  egg 
white. 


Table  I.  Saturated  Solution  of  Potassium  Car¬ 
bonate  Required  for  Complete  Expulsion  of 
Ammonia 


Iv’CCL  Solution  Used 


Ammonia  Nitrogen 
White  Yolk 


Cc. 


Mg./ 100  cc. 


Mg./ 100  cc. 


1  ..  2.30 

2  0.49  2.63 

3  0.52  2.60 

4  0.45  2.58 

5  0  46  2.63 


The  possibility  that  ammonia  might  be  liberated  from  yolk 
alone  during  the  period  of  heating  was  investigated  and  the 
results  are  given  in  Table  II. 


Egg  Yolk.  This  procedure  has  been  slightly  modified  by 
a  preliminary  dilution  of  yolk,  since  undiluted  yolk  does  not 
mix  properly  with  the  carbonate  solution  under  the  condi¬ 
tions  specified  for  egg  white. 

After  removing  the  sample  of  white,  slit  the  yolk  membrane 
shghtly  with  a  small  scalpel  at  the  top  of  the  yolk  without  re¬ 
moving  the  firm  white.  Thrust  the  Ostwald-Folin  pipet  with  an 
enlarged  tip  through  the  opening,  remove  5  cc.  of  yolk,  and  add  to 
'  3  cc.  of  ammonia-free  water  in  a  test  tube.  The  yolk  can  be 
conveniently  blown  out  by  means  of  a  rubber  bulb  attached  to  the 
pipet.  After  thoroughly  mixing,  introduce  a  5-cc.  ahquot  with 
the  pipet  calibrated  for  diluted  yolk  into  the  outer  chamber  of  a 
cell  containing  5  cc.  of  the  standard  acid  in  the  inner  chamber. 
Add  3  cc.  of  the  saturated  potassium  carbonate  solution  to  the 
diluted  yolk,  close  the  cell,  mix  with  the  same  rotary  and  tilting 
motion,  and  place  in  the  cabinet  with  a  weight  for  1.5  hours  at 
38°  C.  As  before,  titrate  the  excess  acid  with  0.0025  N  sodium 
hydroxide  and  calculate  the  ammonia  to  milligrams  of  ammonia 
nitrogen  per  100  cc.  of  yolk. 

Mixed  Whole  Egg.  Mixed  whole  egg  was  prepared  by 
breaking  an  egg  in  a  6-ounce  wide-mouth  glass-stoppered 
bottle  and  shaking  it  with  four  large  glass  beads.  The  pro¬ 
cedure  then  used  was  practically  the  same  as  for  egg  yolk. 

Dehver  5  cc.  of  mixed  whole  egg  with  the  Ostwald-Folin  pipet 
cahbrated  for  mixed  whole  egg  into  the  outer  chamber  of  a  cell 
which  contains  5  cc.  of  the  standard  acid  in  the  inner  chamber. 
Add  3  cc.  of  the  saturated  potassium  carbonate  solution,  close 
the  cell,  mix  by  tilting  and  rotating,  and  place  in  the  cabinet  for 
1.5  hours  at  38°  C.  Titrate  the  excess  acid  and  calculate  in 
terms  of  milhgrams  of  ammonia  nitrogen  per  100  cc.  whole  egg. 

Experimental 

Conway  and  Byrne  ( 1 )  have  suggested  alternative  sets  of 
conditions  for  the  quantitative  absorption  of  ammonia,  stipu¬ 
lating  1.5  hours  at  room  temperature  or  1  hour  at  38°  C. 
The  ammonia  nitrogen  is  so  low  in  fresh  eggs  that  larger 
samples  are  required  than  can  satisfactorily  be  handled  in  the 
Conway-Byme  unit.  With  the  modification  of  the  unit  sug¬ 
gested  in  this  paper  the  interrelationships  of  time,  tempera¬ 
ture,  and  linear  dimensions  of  the  inner  and  outer  chambers  re¬ 
quire  a  longer  period  or  a  higher  temperature  than  that  speci¬ 
fied  by  Conway  and  Byrne.  In  practice,  holding  periods  at 
room  temperature  up  to  3  hours  or  at  38°  C.  less  than  1.5 
hours  did  not  provide  suitable  conditions  for  recovery  of  am¬ 
monia  from  egg  materials.  As  a  result  a  period  of  1.5  hours 
at  38°  C.  was  chosen. 

The  volume  of  saturated  solution  of  potassium  carbonate 
required  was  determined  by  experiment  with  white  and  yolk, 
keeping  other  factors  constant. 

From  Table  I  it  was  evident  that  the  quantity  of  saturated 
solution  of  potassium  carbonate  could  be  varied  considerably 
without  changing  the  amount  of  ammonia  liberated.  Since 
it  was  desirable  to  keep  the  volume  in  the  outer  chamber  as 
small  as  possible  and  there  was  no  advantage  in  using  larger 
volumes,  it  was  deemed  sufficient  to  use  for  the  white  2  cc.  of 
the  saturated  solution  of  potassium  carbonate  and  for  the 
yolk,  3  cc. 


Table  II.  Effect  of  Holding  Yolk  at  38°  C.  for 
1.5  Hours  without  Addition  of  Carbonate  Solution 

0.005  N  Alkali 
Required  to  Titrate  Acid 
Cc. 

4.52 

4.54 
4.58 

4.54 

4.54 
4.52 

Since  titration  values  of  the  standard  acid  were  the  same 
with  and  without  the  yolk,  it  is  certain  that  no  ammonia  was 
liberated  by  the  yolk  itself  when  held  for  the  required  time 
without  the  carbonate  addition.  This  is  probably  due  to  the 
fact  that  yolk  is  naturally  slightly  acid,  having  a  pH  of  ap¬ 
proximately  6.0  when  fresh  which  increases  to  about  pH  6.8 
after  long  periods  of  storage. 

The  absorption  period  was  established  as  the  tune  required 
for  the  recovery  of  ammonia  from  a  standard  ammonium  sul¬ 
fate  solution  at  38°  C. 

Table  III.  Time  Necessary  for  Complete  Removal 
of  Ammonium  Nitrogen  from  Ammonium  Sulfate 
Solution 

(Results  expressed  as  milligrams  of  ammonia  nitrogen  in  100  cc.  of  solution.) 

Concentration  of  Concentration  of  Solution 

Time  at  38°  C.  Solution  Used  by  Actual  Determination 

Hours 

0.5  4.11  2.45 

1.0  4.11  3.56 

1.5  4.11  4.07 

2.0  4.11  4.03 

Since  an  absorption  period  of  1.5  hours  gave  practically  the 
theoretical  value  for  the  ammonia  nitrogen  recovered,  this 
time  was  used  for  all  the  experiments. 

The  recovery  of  ammonia  from  a  standard  ammonium  sul¬ 
fate  solution  replacing  yolk  or  when  added  to  yolk  was  found 
to  be  satisfactory.  Varying  quantities  of  a  standard  am¬ 
monium  sulfate  solution  were  used  in  a  series  of  determina¬ 
tions  to  produce  concentrations  similar  to  what  might  be  ex¬ 
pected  in  egg  yolk. 

Table  IV.  Recovery  of  Ammonia  Nitrogen  from  a 
Standard  Solution  of  Ammonium  Sulfate 


No.  of 

Ammonia  Nitrogen 

Standard 

Detns. 

Added 
Mg./ 100  cc. 

Recovered 
Mg./ 100  cc. 

Deviation 

7 

2.05 

2.04 

0.143 

10 

4.11 

4.06 

0.145 

7 

5.00 

5.24 

0.080 

7 

6.16 

5.97 

0.365 

A  comparison  of  the  amounts  added  and  recovered  in  Table 
IV  shows  satisfactory  agreement. 

When  definite  amounts  of  ammonia  nitrogen  were  added  to 
yolk  and  determinations  made  before  and  after  the  additions, 
the  results  shown  in  Table  V  were  obtained. 


NHa-free  water 
NH3-free  water  +  yolk 
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In  Table  V  three  different  quantities  of  ammonia  nitrogen 
were  added  to  aliquots  of  two  lots  of  pooled  yolk.  The  re¬ 
covery  of  the  ammonia  nitrogen  was  deemed  satisfactory  in 
all  cases.  The  period  of  1.5  hours  at  38°  C.  was  used  for  the 
experiments  reported  in  Tables  IV  and  V  and  for  results  re¬ 
ported  below. 


Table  V.  Recovery  of  Ammonia  Nitrogen  from  Egg 
Yolk  Containing  Varying  Additions  of  Ammonium 
Sulfate 


(Results  expressed  as  milligrams  of  ammonia  nitrogen  per  100  cc.) 


No.  of 

Determined  on 

Added 

Calculated 

Actually 

Detns. 

Yolk  Alone 

to  Yolk 

Total 

Determined 

4 

3.47 

1.81 

5.28 

5.23 

4 

2.49 

1.81 

4.30 

4.40 

4 

3.47 

3.38 

6.85 

6.76 

4 

2.49 

3.38 

5.87 

5.80 

4 

3.47 

4.73 

8.20 

8.23 

4 

2.49 

4.73 

7.22 

7.39 

In  the  procedure  for  egg  white  described  above,  the  direc¬ 
tions  specify  the  use  of  liquid  white.  Firm  white  could  also 
be  used,  but  the  liquid  white  is  much  easier  to  pipet  and  mix 
with  the  carbonate  solution  than  the  firm  white  and  has  the 
i  same  percentage  of  ammonia  nitrogen  for  the  same  egg. 
This  is  shown  in  Table  VI,  where  the  values  for  the  three  dis¬ 
tinct  layers  of  egg  white  for  four  eggs  are  given.  All  the  re¬ 
sults  are  within  experimental  error.  In  practice  it  was  found 
satisfactory  to  slit  the  firm  white  envelope  and  pipet  from  the 
mixture  of  outside  and  inside  liquid  white. 

Table  VI.  Distribution  of  Ammonia  Nitrogen  in 
Egg  White 


(Results  expressed  as  milligrams  of  ammonia  nitrogen  per  100  cc.) 


Outside  Liquid 
Egg  White 

1  0.12 

2  0.14 

3  0.12 

4  0  20 


Inside  Liquid 


Firm  White  White 

0.10  0  11 

0.18  0.21 

0.18  0.12 

0.21  0.20 


In  a  large  number  of  eggs  of  similar  history  the  ammonia 
nitrogen  was  determined  for  both  white  and  yolk  by  the  aera¬ 
tion  and  absorption  methods.  Both  methods  were  not  ap¬ 
plied  on  the  same  samples.  Reference  to  Table  VII  shows 
that  in  general  there  was  satisfactory  agreement  between  the 
values  obtained  by  the  two  methods  for  both  white  and  yolk 
on  material  of  similar  nature. 


Table  VII.  Comparison  of  Results  of  the  Analysis 
of  Eggs  by  Aeration  and  Absorption  Methods 


Method 

Material 

No.  of 
Samples 

Ammonia 

Nitrogen 

Standard 

Deviation 

Aeration 

White 

83 

Mg./ 100  cc. 

0.24 

0.086 

Yolk 

83 

2.30 

0.287 

Absorption 

White 

16 

0.35 

0.137 

Yolk 

301 

2.41 

0.280 

Mixed  whole  egg 

6 

0.87 

0 . 003 
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A  method  for  determining  the  percentage 
of  oleomargarine  and  butter  fat  in  ice 
cream  is  given,  which  consists  of  a  modified 
Roese-Gottlieb  extraction  procedure  com¬ 
bined  with  a  modified  Reichert-Meissl  pro¬ 
cedure.  Formulas  are  derived  for  calculat¬ 
ing  the  percentage  of  oleomargarine  in  the 
extracted  fat,  the  fat  being  calculated  in 
the  usual  manner. 

THE  lower  price  of  ole ; margarine  as  compared  to  butter 
fat  at  present  has  led  some  manufacturers  of  ice  cream 
to  substitute  oleomargarine  to  some  degree  for  butter  fat. 
This  may  soon  bring  about  serious  consequences;  it  is 
illegal  in  many  states  and  some  investigators  (3)  have  shown 
that  ice  cream  made  of  olec  margarine  is  deficient  in  certain 
vitamins.  It  would  seem  obviously  unfair  to  sell  as  ice 
cream  a  product  that  is  not  made  of  butter  fat,  but  any  ruling 
of  fair  trade  competition  must  first  have  some  basis  for 
classification.  This  problem  led  the  authors  to  work  on  a 
method  for  determining  the  relative  amounts  of  oleomargarine 
and  butter  fat  in  ice  cream  with  a  reasonable  degree  of  ac¬ 
curacy.  The  problem  is  more  difficult  than  it  first  seemed. 
Modern  homogenizing  equipment  has  made  microscopic 
examination  and  staining  almost  useless  as  a  means  of  de¬ 
tecting  oleomargarine,  and  refractive  index  and  specific 
gravity  gave  no  suitable  quantitative  data.  The  iodine  value 
gave  qualitative  indication,  but  because  of  the  diversity  of 
oleomargarines  on  the  market  did  not  give  quantitative 
confirmation.  The  Kirschner-Flanders  (J)  method  did  not  give 
quantitative  results  when  tried  on  the  authors’  samples. 
The  usual  Reichert-Meissl  method  ( 1 )  was  also  somewhat  un¬ 
satisfactory  and  gave  erratic  results. 

However,  it  was  found  that  if  the  Roese-Gottlieb  extraction 
procedure  and  the  Reichert-Meissl  procedure  were  slightly 
modified,  a  precise  method  ivas  obtained. 

Experimental 

Apparatus.  The  usual  apparatus  for  determining  the 
fat  percentage  in  butter  was  used  ( 2 ). 

Reagents.  Oleomargarine  was  furnished  by  the  Joseph 
Costa  Co.,  Athens  Ga.,  and  had  the  following  composition: 
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% 

% 

Total  fat 

83 

Oleic  oil 

34 

Neutral  oil 

34 

Cottonseed  oil 

15 

Moisture 

12 

Salt 

3 

Milk  solids 

2 

Ammonium  hydroxide,  ethyl  alcohol,  diethyl  ether,  and 
petroleum  ether  as  given  by  the  method  of  the  Association 
of  Official  Agricultural  Chemist  (2). 

Sulfuric  acid:  31.5  cc.  of  acid  (sp.  gr.  1.83)  per  liter. 
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PER  CEMT  BUTTER  FAT 


Figure  1.  Relation  of  Reichert-Meissl  Value  to 
Percentage  of  Oleomargarine  and  Butter  Fat  in  Ice 

Cream 


Procedure 

Extraction  of  Fat  from  Ice  Cream.  The  ice  cream  is  al¬ 
lowed  to  soften  at  room  temperature.  The  fat  soon  separates 
and  rises  to  the  top,  and  the  sample  is  then  thoroughly  mixed  with 
an  egg  beater  or  other  mechanical  stirrer. 

Aliquot  portions  of  about  100  grams  each  are  accurately 
weighed  and  the  fat  is  extracted  by  using  12.5  ec.  of  ammonium 
hydroxide  solution,  50  cc.  of  ethyl  alcohol,  100  cc.  of  diethyl 
ether,  and  finally  100  cc.  of  petroleum  ether.  After  the  addition 
of  each  the  mixture  is  thoroughly  agitated  in  the  separatory  fun¬ 
nel  for  30  seconds,  and  is  then  allowed  to  stand  for  20  minutes, 
before  separating  the  layers.  As  much  as  possible  of  the  ether- 
fat  solution  is  drawn  off  into  a  flask  through  a  small,  quick-acting 
filter.  A  second  extraction,  with  100  cc.  of  each  ether,  is  neces¬ 
sary  to  insure  complete  removal  of  fat.  The  clear  solution  is 
drawn  off  through  a  small  filter  into  the  same  flask;  and  the  tip 
of  the  separatory  funnel,  the  filter,  and  the  funnel  are  washed 
with  a  few  cubic  centimeters  of  a  mixture  of  equal  parts  of  the 
two  ethers,  free  from  suspended  water.  The  greatest  portion  of 
ether  is  distilled  off,  and  the  fat  is  dried  in  an  oven  at  90°  C.  to 
constant  weight.  The  flask  is  weighed  with  a  similar  flask  as  a 
counterpoise.  The  fat  is  now  ready  for  use,  and  can  conveniently 
be  handled  at  about  40°  C.  (A  volume  of  about  5.5  cc.  at  this 
temperature  weighs  about  5  grams.)  After  samples  have  been 
taken  from  the  flask,  the  fat  is  completely  removed  with  petro¬ 
leum  ether.  The  weight  of  the  dried  flask  with  residue  is  de¬ 
ducted  to  obtain  the  weight  of  the  fat. 

Determination 


Table  I.  Reichert-Meissl  Values  of  Extracted  Fat 


Sample 

Reichert-Meissl 

Butter  Fat 

Oleomargarine 

Value 

% 

% 

1 

100.0 

0.00 

30.96 

2 

80.72 

19.28 

24.96 

3 

75.74 

24.26 

23.24 

4 

55.67 

44.33 

16.65 

5 

55.33 

44.67 

16.45 

6 

32 . 36 

67.64 

10.02 

7 

0.00 

100.00 

0.38 

Duplicate  determinations  on  butter  fat  varied  ±0.1  in  th< 
Reichert-Meissl  value  and  ±0.03  on  oleomargarine  dupli 
cates.  Taking  30.96  and  0.38  as  reliable  averages  and  thf 
slope  of  the  curve  in  Figure  1  as  0.31,  it  was  possible  to  obtaii 
a  formula  by  substitutions  in  the  classical  equation  for  i 
straight  line,  y  =  mx  +  b,  where  m  is  the  slope  and  b  £ 
constant. 

Per  cent  of  oleomargarine  in  fat  = 

30.96  —  Reichert-Meissl  value  / ,  N 
0t31 

Per  cent  of  butter  fat  in  fat  =  100  —  per  cent  of 

,  Reichert-Meissl  value  —  0.38 

oleomargarine  = - — - -  (2) 


Since  the  variation  in  0.38  is  greater  than  that  in  30.96,  i 
is  safer  to  subtract  from  100  per  cent  to  get  butter  fat. 

To  test  this  formula,  samples  of  varying  compositioi 
were  prepared  and  submitted  for  analysis  to  Mr.  Dunson 
who  did  not  know  their  composition.  The  results  are  show: 
in  Table  II. 


Table  II.  Analyses  of  Unknown  Samples 


Sample 

Reichert- 

Meissl 

Value 

Oleomargarine 

1 

5.57 

Butter  fat 

1 

5.57 

Oleomargarine 

2 

13.25 

Butter  fat 

2 

13.25 

Oleomargarine 

3 

27.45 

Butter  fat 

3 

27.45 

Theoreti- 


Calculated 

cal 

Devia¬ 

Percentage 

Percentage 

tion 

82.0 

83.0 

-1.0 

18.0 

17.0 

+  1.0 

57.1 

57.2 

-0.1 

42.9 

42.8 

+  0.1 

11.3 

12.0 

-0.7 

88.7 

88.9 

+0.7 

The  percentage  of  fat  may  be  calculated  as  usual. 


Per  cent  of  fat  in  ice  cream 


grams  of  fat  X  100 
grams  of  ice  cream 


The  composition  of  this  fat  is  then  calculated  by  Formula 
1  and  2.  The  grams  of  oleomargarine  and  butter  fat  can  b 
calculated  easily  and  the  percentage  of  oleomargarine  in  th 
original  ice  cream  sample  found  by  substituting  grams  o 
oleomargarine  for  grams  of  fat. 


Weigh  out  accurately  a  sample  of  about  5  grams  of  extracted 
fat  in  a  tared  glass  vessel,  add  10  cc.  of  ethyl  alcohol  and  2  cc.  of 
sodium  hydroxide  solution,  and  saponify  on  a  water  bath  (usually 
1  hour). 

Allow  the  flask  to  cool  to  room  temperature  after  all  alcohol 
has  evaporated,  taking  care  to  prevent  any  loss  of  soap.  The 
last  traces  of  alcohol  can  be  removed  by  waving  the  cool  flask  to 
and  fro,  mouth  down.  Dissolve  the  soap  in  100  cc.  of  recently 
boiled  distilled  water  and  transfer  to  a  250-ce.  distilling  flask. 
Heat  the  flask  up  to  60°  to  70°  C.  and  add  40  cc.  of  sulfuric  acid 
solution.  Drop  in  a  few  pieces  of  pumice  stone  and  connect  to 
the  condenser.  Warm  the  flask  until  the  fats  separate  as  a 
clear  layer,  then  continue  the  heating  until  110  cc.  of  distillate 
have  been  collected  in  a  graduated  cylinder.  The  time  of  distil¬ 
lation  should  be  between  28  and  32  minutes.  Titrate  a  100-cc. 
portion  of  the  distillate  with  standard  0.1  N  sodium  hydroxide 
solution,  using  phenolphthalein  as  indicator.  The  Reichert- 
Meissl  value  is  calculated  from  the  usual  formula. 


Reichert-Meissl  value 


cc.  of  NaOH  X  1.1  X  5 
grams  of  sample 


The  procedure  followed  was  to  make  up  samples  of  ice 
cream  varying  from  100  to  0  per  cent  of  butter  fat  and  from 
0  to  100  per  cent  of  oleomargarine,  and  to  analyze  these 
according  to  the  procedure  outlined  above.  The  results  are 
given  in  Table  I  and  Figure  1. 


Discussion 

Although  this  paper  offers  no  new  qualitative  differen 
tiation  between  butter  fat  and  oleomargarine,  it  does  offer : 
more  exact  quantitative  determination,  accomplished  b; 
standardizing  the  extraction  method  for  ice  cream,  and  b; 
increasing  the  strength  of  the  sulfuric  acid  in  the  usua 
Reichert-Meissl  procedure.  In  this  way  more  reliable  re 
suits  were  obtained. 

Only  vanilla  ice  cream  was  used,  but  the  method  shout 
apply  to  other  flavors,  particularly  chocolate,  caramel,  ant 
nut  flavored  ice  cream. 

The  precision  and  accuracy  are  evident  from  the  dab 
presented. 
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The  Buffer  Capacity  of  Tomato  Juice 

MARGARETHE  OAKLEY  AND  JOHN  C.  KRANTZ,  JR. 

Bureau  of  Chemistry,  State  of  Maryland  Department  of  Health,  Baltimore,  Md. 


THE  capacity  of  various  biological  fluids  to  resist  changes 
in  hydrogen-ion  concentration  upon  the  addition  of  strong 
acid  or  base  has  been  subject  to  much  investigation,  and  has 
been  studied  quantitatively  and  developed  mathematically 

by  Van  Slyke  ( 6 ).  Using  the  Van  Slyke  expression  /3  or 

expressing  the  relationship  between  the  increment  in  gram 
equivalents  of  strong  base  added  to  the  buffer  solution  and 
the  resultant  increment  in  pH,  one  of  the  authors  measured  /3 
for  solutions  of  gums  (1 ),  tincture  of  digitalis  (2),  carbohydrate 
of  burdock  (4),  and  oyster  liquor  (3). 

It  occurred  to  the  au¬ 
thors  that  it  might  prove 
of  interest  to  measure 
the  buffer  capacity  of  to¬ 
mato  juice,  and  that  this 
measurement  might 
serve  as  a  trustworthy 
index  to  added  water  or 
purposeful  sophistica¬ 
tion. 


Figure  1.  Buffer  Capacity  of 
Tomato  Juice  “Acid” 


Experimental 

Six  standard  grades  of 
tomato  juice,  one  juice 
prepared  in  this  labora¬ 
tory  from  sound,  ripe 
tomatoes,  and  certain 
samples  of  tomato  pulp 
were  investigated.  Sam¬ 
ples  of  the  juice  (10  cc.) 
were  treated  with  vary¬ 
ing  quantities  of  0.1  N 
hydrochloric  acid  and  sodium  hydroxide  solutions,  respec¬ 
tively.  The  pH  at  25°  ±  1°  C.  of  the  various  solutions 
was  determined  with  a  Wilson-type  (7)  hydrogen  electrode. 

After  the  addition  of  acid  to  one  sample  and  subsequent 
pH  measurements,  another  portion  was  filtered  and  the  serum 
treated  in  the  same  manner.  The  measurements  made  on 
the  whole  juice  were  practically  identical  with  those  made  on 
the  serum,  indicating  that  the  buffer  capacity  of  the  juice 
resides  in  the  soluble  constituents  and  not  in  the  pulp. 

The  buffer  capacities  of  the  various  serums  to  acid  were 
studied  individually  and  observed  to  be  remarkably  uniform. 
The  juice  prepared  in  this  laboratory  and  the  six  commercial 
|  samples  were  practically  identical  in  this  respect.  The  buffer 
|  capacity  of  a  composite  sample  is  shown  in  Figure  1.  The  pH 
values  of  untreated  juices  obtained  agree  well  with  those 
determined  by  Mitchell  (5)  using  the  glass  and  hydrogen 
electrodes. 

The  addition  of  strongly  dissociated  alkali  to  the  same 
tomato  juice  serums  gave  variable  results,  as  shown  rby 
Table  I. 


Table  I.  Effect  of  Addition  of  Alkali 


0.1  N 

- pH  of  Sen 

im - 

No. 

NaOH 

Cc. 

No.  64 

No.  65 

No.  66 

No.  67 

No.  68 

No.  69 

Fresh 

1 

0.0 

4.09 

4.11 

4.14 

4.18 

4.09 

4.13 

4.14 

2 

2.0 

4.51 

4.55 

4.60 

4.76 

4.67 

4.65 

4,64 

3 

4.0 

5.05 

.5.29 

5.34 

5.74 

5.35 

5.47 

5.44 

4 

6.0 

5.94 

7.17 

7.80 

8.58 

6.57 

7.97 

6.86 

5 

8.0 

8.28 

9.10 

9.03 

9.33 

8.93 

8.96 

8.88 

6 

10.0 

9.24 

9.32 

9.55 

9.89 

9.74 

9.53 

9.57 

Figure  2.  Action  of  0.1  V  Sodium  Hydroxide 
on  Tomato  Juice 

As  the  buffer  capacity  of  these  samples  varied  so  widely 
with  respect  to  added  alkali,  it  occurred  to  the  authors  to 
study  the  influence  of  added  water  on  the  buffer  capacity  of 
the  serum  with  respect  to  added  alkali.  This  was  tested  first 
on  serum  filtered  from  concentrated  commercial  pulp,  and 
then  after  dilution  of  this  with  water.  A  marked  diminution 
in  the  buffer  capacity  was  observed  when  water  was  added. 

Figure  2  shows  the  buffer  capacity  of  the  composite  sample 
of  serum  upon  the  addition  of  strong  alkali  prior  to  and  after 
the  addition  of  varying  quantities  of  water. 

Other  physical  factors  on  the  commercial  juices  were  de¬ 
termined  and  are  set  forth  in  Table  II. 


Table  II.  Commercial  Juices 


No. 

Solids 

Ash 

NaCl 

% 

% 

% 

64 

6.08 

1.22 

0.84 

65 

6.44 

1.05 

0.66 

66 

6.80 

1.13 

0.76 

67 

6.40 

1.20 

0.80 

68 

6.52 

1.08 

0.70 

69 

5.39 

0  90 

0.63 

Fresh 

4.70 

0.53 

0.06 

There  seems  to  be  little  correlation  between  these  data 
and  the  buffer  capacity  to  alkalies.  However,  when  these 
values  are  modified  by  sophistication  in  the  form  of  added 
water  the  buffer  capacity  to  alkali  is  markedly  influenced. 
This  condition  did  not  obtain  in  respect  to  the  addition  of 
acid  to  the  various  serums.  This  is  due  in  all  probability  to 
the  citric  acid  content  in  the  form  of  primary  and  secondary 
alkali  citrates.  The  addition  of  alkali  completely  neutralizes 
the  acid  and  thus  de¬ 
stroys  the  naturally 
occurring  buffer  mix¬ 
ture.  On  the  other 
hand,  in  the  presence 
of  added  strongly  dis¬ 
sociated  acid,  the  buf¬ 
fer  mixture  is  not 
markedly  disturbed. 

In  order  to  repre¬ 
sent  graphically  the 
effect  of  added  water 
on  the  buffer  capacity 
with  respect  to  alkali, 

Figure  3  was  con¬ 
structed  from  the 
data  in  Figure  2.  The 
ordinates  designated 


Figure  3.  Influence  of  Sodium 
Hydroxide  on  Tomato  Juice  with 
Added  Water 
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as  “buffer  per  cent”  were  calculated  as  follows:  The  pH 
of  the  composite  serum  and  the  change  caused  by  the  ad¬ 
dition  of  0.06  mole  of  sodium  hydroxide  per  liter  were 
determined.  The  difference  in  pH  between  these  two  values 
was  considered  as  the  norm.  With  the  sample  diluted  with 
water  this  difference  successively  increased.  These  increased 
differences  divided  into  the  norm  and  multiplied  by  100  were 
designated  as  “buffer  per  cent.”  As  these  values  diminish  in 
magnitude  they  indicate  decreased  buffer  capacity  or,  as  a 
parallel,  the  quantity  of  added  water. 

In  order  to  determine  the  possible  application  of  this 
principle  to  the  determination  of  added  water,  commercial 
samples  were  studied  along  with  other  juices  pressed  from 
soimd,  ripe  tomatoes  in  this  laboratory.  The  data  are  shown 
in  Table  III. 


Table  III.  Determination  or  Added  Water 


- - 

-pH  of  Serum- 

10  per  cent 

30  per  cent 

water  with 

water  with 

0.06  mole 

0.06  mole 

0.06  mole 

pH  of 

NaOH  per 

NaOH  per 

NaOH  per 

No. 

Serum 

liter 

liter 

liter 

Commercial  Samples 

1 

4.11 

8.60 

9.09 

9.85 

2 

4.20 

8. 56 

9.07 

9.95 

3 

4.18 

8.60 

9.03 

9.73 

4 

4.07 

8.67 

9.06 

9.75 

5 

4  1.3 

8.15 

8.60 

9.56 

6 

4  05 

6.46 

8.00 

9.00 

7 

4.03 

6.59 

8.11 

9.12 

8 

4.09 

8  15 

8.75 

9.45 

9 

4.12 

7.95 

8.75 

9.57 

10 

4.17 

8.32 

8.84 

9.43 

11 

4.22 

8.86 

9.40 

10.23 

Freshly  Prepared  Samples 

1 

4.24 

6.70 

8.21 

9.37 

2 

4.38 

8.50 

9.08 

9.78 

3 

4.44 

8.35 

8.71 

9.29 

4 

4.25 

7.78 

9.55 

10.81 

5 

4.35 

8.63 

9.14 

9.92 

Table  III  confirms  the  finding  of  marked  diminution  in 
buffer  capacity  to  alkali  of  both  commercial  and  freshly 


prepared  tomato  juices  when  water  is  added.  Although  the 
juices  showed  rather  great  variations  in  their  buffer  capacities, 
it  seems  reasonable  to  suspect  that  should  the  pH  exceed 
8.75  on  a  sample  of  tomato  juice  serum  after  the  addition  of 
0.06  mole  of  sodium  hydroxide  per  liter,  water  has  been  added 
to  the  extent  of  approximately  10  per  cent.  With  a  pH 
between  9.00  and  11.00,  when  treated  with  the  same  quantity 
of  alkali,  one  might  suspect  the  addition  of  approximately 
one-third  volume  of  water. 

Summary 

The  buffer  capacity  of  six  commercial  samples  of  tomato 
juice  has  been  measured  with  respect  to  strong  acid.  The 
Van  Slyke  /3  is  0.033.  Added  water  does  not  markedly  in¬ 
fluence  this  value. 

Tomato  juices  show  considerable  variation  in  their  capacity 
to  resist  change  in  pH  upon  the  addition  of  strong  alkali. 
These  values  do  not  correlate  well  with  normal  differences 
found  in  total  solids,  salt  content,  ash,  and  refractive  index. 

The  buffer  capacity  of  the  serum  with  respect  to  added 
alkali  diminishes  writh  increased  added  water. 

It  is  possible  to  employ  the  measurement  of  buffer  capacity 
corroboratively  as  means  of  detecting  added  water  in  tomato 
juice. 
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The  Hill  Method  for  Solubility  Determinations 

THEDDTRE  W .  EVANS,  Shell  Chemical  Company,  Martinez,  Calif. 


FOR  determining  the  mutual  solubilities  of  a  pair  of 
partially  miscible  liquids  several  direct  experimental 
procedures  are  available.  Alexejeff  ( 1 )  described  the  well- 
known  and  widely  used  synthetic  or  cloud-point  method  as 
early  as  1886,  while  in  1923  Hill  (7)  devised  a  very  ingenious 
method  based  on  phase  rule  considerations.  In  the  Hill 
method  the  procedure  is  essentially  as  follows:  Weighed 
amounts  of  the  twTo  liquids  are  introduced  into  a  suitably 
graduated  flask  (a  mixing  cylinder,  for  example),  shaken 
until  equilibrium  is  reached,  the  phases  allowed  to  separate, 
and  the  volumes  of  upper  and  lower  layers  read.  The  experi¬ 
ment  is  then  repeated  wdth  a  different  ratio  of  starting  ma¬ 
terials.  Now  let 

m i,  m2  =  weights  of  lighter  and  heavier  liquids  taken  in  the  first 
experiment 

m3,  m4  =  weights  of  lighter  and  heavier  liquids  taken  in  the  sec¬ 
ond  experiment 

Vi,  v2  =  volumes  of  upper  and  lower  layers  obtained  in  the  first 
experiment 

v3,  v4  =  volumes  of  upper  and  lower  layers  obtained  in  the  sec¬ 
ond  experiment 

=  grams  of  lighter  liquid  per  cc.  of  upper  layer  (at  satura¬ 
tion) 

j/i  =  grams  of  lighter  liquid  per  cc.  of  lower  layer  (at  satura¬ 
tion) 

Xi  =  grams  of  heavier  liquid  per  cc.  of  upper  layer  (at  satura¬ 
tion) 

j/2  =  grams  of  heavier  liquid  per  cc.  of  lower  layer  (at  satura¬ 
tion) 


Then  to  determine  the  x’s  and  y’s  we  have 


ViXi  +  Viij!  =  mi  ViXi  +  Viyi  =  mi 

v3Xi  +  v4yx  =  m3  v3x2  +  v4y2  =  w4 

These  equations  when  solved  yield 


mxVi  —  m3v2 

V\V4  —  V2V3 


m3vi  —  mxv3 

V1V4  —  V2V3 


m2Vi  —  m4V2  m4V\  —  m2v  3 

x2  =  -  2/0  =  - 

V\V4  —  ViV3  V1V4  —  VoV3 

As  Hill  has  pointed  out,  this  method  is  simple  in  application 
and  has  the  advantage  that  besides  yielding  the  solubility 
figures  it  also  gives  the  densities  of  the  two  layers  (as  grams 
per  cc.) : 


di  =  Xi  +  X2  d2  =  y  1  +  2/2 

One  of  the  first  questions  to  arise  regarding  this  method 
was  the  proper  choice  of  Vi,  v2,  v3,  and  v4  so  as  to  obtain  the 
greatest  possible  accuracy  ( 9 ).  Hill  advocated  the  use  of 
special  equipment,  so  that  a  total  volume  of  around  400  cc. 
could  be  used  in  each  experiment,  although  he  also  pointed 
out  that  an  ordinary  100-cc.  mixing  cylinder  gave  good  results. 
For  the  proper  choice  of  the  ratio  of  vx  to  in  Hill  and  Malisoff 
(8)  deduced  that  the  materials  should  be  taken  so  as  to  make 

—  =  —  =  — 1  in  order  to  obtain  the  maximum  accuracy  in 

l'i  V3  Xi 
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determining  x,,  with  similar  expressions  for  the  other  variables. 
These  conclusions  were  based  on  certain  rather  arbitrary 
assumptions  which  are  not  likely  to  prevail  in  practice. 
Briefly,  these  assumptions  require  no  error  in  measuring  v2  and 
L,  and  equal  errors  in  sign  and  magnitude  in  measuring  v, 
and  v4.  Because  of  the  convenience  of  this  solubility  method 
it  seems  desirable  to  investigate  this  point  further  and  de¬ 
termine  suitable  volume  ratios  when  the  errors  in  measuring 
the  volumes  are  assumed  independent  of  one  another.  Such 
a  general  choice  for  the  v’s  may  be  determined  in  the  following 
manner : 

It  is  assumed  that  the  accuracy  with  which  the  liquids  are 
weighed  is  sufficiently  great  so  that  errors  from  this  or  any 
other  source  can  be  neglected  in  comparison  with  errors  in 
reading  the  volumes.  In  this  case  the  m’s  can  be  considered 
constants.  Under  these  conditions,  if  vh  v2,  v3,  and  v4  denote 
ithe  true  volumes,  then  the  changes  in  the  x’s  and  y’s  produced 
[by  small  errors  dv i,  etc.,  in  reading  the  volumes  are  given 
approximately  by 


ax  i  = - j  dv. 


dx  2  = 


V3‘ 

mo  , 

• —  —  dv  4 

V2Vi 

m3 


m  i  , 

-  —  dv  4 
VtVt 

m4  , 

—  — i  dv3 
V32 

m. 


dyi  =  -  —  dv,  -  dv. 


dy2  - 


VoV3 

m 2  , 
- 5  dv  2 

Vo 2 


v2‘ 

mt 

V2V3 


dv  1 


ax  1 


dxo  = 


dy  1  = 


dy  2  = 


( tn3v2Vi  —  miVi2)dvi  -f-  ( niiV3V4  —  m3ViVi)dvo  +  {m.\V2v4  —  m3v2‘1)dv3  +  (m3v  1^  miv-iv^dv. 


(m4t>2  v4  —  m2vd)dv,  +  (moV3v4 


(v,Vi  —  V2V3) 2 

•  miViV4)dv2  +  (mov2Vi  —  m4v2^)dv3  +  ( m4ViV2 


■  7n2Vov3)dVi 


(viVi  —  V2V3  )2 

(miv3v4  —  m3VoV3)dvi  +  ( m3ViV3  —  ?niv32)dv2  -f-  ( m3v,v2  —  myhv4)dv3  +  {m,v,v3  —  m3Vi-)dvi 

{v,v4  —  v2v3y 

(mov3V4  —  m4VoV3)dvi  +  (m4  v,v3  —  rriov^dv  2  +  {rn.4V\V2  —  m2ViVi)dv3  +  (m2v,v3  —  w4zy)cfo4 

(viv,  —  vov3y 


If  finite  values  of  the  v’s  could  be  found  which  would  make 
all  the  parentheses  in  the  numerators  equal  zero,  and  at  the 
same  time  V\Vi  —  v2v3  5^  0,  then  such  a  choice  would  be  best 
in  practice.  Such  values  apparently  do  not  exist.  Thus, 
examining  the  coefficient  of  dv  1  in  the  expression  for  dx  1,  we 
would  have  m3Voi\  —  niii'i2  =  0.  Both  v2  and  cannot  equal 
zero,  since  in  that  case  vy’4  —  v2v3  =  0.  Assuming  v4  ^  0, 
this  condition  becomes  m3Vo  —  viiv4  =  0.  If  absolute  accuracy 
were  secured  in  the  experiment  then 


v4  = 


m  4X1  —  m3Xo 


nioXi 


m,Xo 


x\y2 


XiVi 


x,y2  —  x2y 1 


Substituting  these  values  we  have 


Xi(m,m4  —  rn2m3) 
x,y2  -  xojji 


m ! 


0  or  —  = 

m3 


45 


ra4 


Hence  the  requirement  that  the  coefficient  of  dv  1  be  zero  is 
satisfied  only  under  conditions  such  that  the  original  equations 
do  not  define  the  x’s  and  y’s  uniquely.  (The  previously  cited 
conclusions  of  Hill  and  Malisoff  may  be  derived  easily  from 
the  foregoing  equations.  For  example,  it  is  necessary  to 
assume  in  the  expression  for  dx  1  that  v2  =  v3,  i\  =  i\  =  kv2, 
dv2  =  dv 3  =  0,  dv  1  =  dv 4,  and  then  set  the  numerator  of  the 
fraction  equal  to  zero.) 

While  it  is  impossible  to  choose  the  conditions  such  that 
the  dr’s  and  dy’ s  are  zero  for  all  values  of  the  dr’s,  nevertheless 
a  suitable  choice  of  the  v’s  may  suffice  to  make  the  dr’s  and 
dy’ s  relatively  small.  Inasmuch  as  the  dr’s  and  dy’ s  are 
expressed  as  fractions,  and  all  the  fractions  have  the  same 
denominator,  it  seems  plausible  that  if  the  v’s  are  chosen  so 
as  to  make  this  denominator  a  maximum  the  most  suitable 
general  choice  of  the  v’s  wall  have  been  made.  This  may  be 
accomplished  by  making  both  v 1  and  r4  (or  r2  and  r3)  as  small 
as  is  experimentally  possible,  and  the  other  volumes  cor¬ 
respondingly  large.  Under  these  conditions,  as  v,  and  r4 
:  both  approach  zero,  the  errors  introduced  by  small  errors  in 
M  reading  the  volumes  become  roughly  the  following: 


Unless  the  liquids  are  fairly  soluble  'in  each  other,  the 
coefficient  of  the  last  term  in  each  of  the  above  expressions  is 
small  in  comparison  to  the  preceding  one. 

Granting  this  choice  of  volumes  to  be  the  most  suitable, 
it  is  evident  that  the  solubility  bottles  should  be  such  as  to 
permit  accurate  reading  of  both  the  total  volume  and  the  small 
volume  of  upper  or  lower  layer  as  the  case  may  be.  One  such 
type  of  bottle  is  the  so-called  oil  centrifuge  bottle  showm  in 
Figure  1.  These  bottles  hold  approximately  50  cc.,  and  have 
their  necks  graduated  directly  to  0.05  cc.  over  a  5-cc.  volume, 

the  distance  between  gradua¬ 
tions  being  approximately  1.3 
mm.  Consequently,  by  cali¬ 
brating  the  graduations  it  is 
possible  to  read  both  the  total 
volume  and  a  small  upper  layer 
volume  to  about  0.025  cc.  For 
the  other  measurement,  involv¬ 
ing  a  small  lower  layer,  the  stand¬ 
ard  centrifuge  tubes  with 
tapered  bottoms  might  be  used, 
except  that  they  afford  poor  accuracy  in  the  total  volume 
determination.  Consequently  it  seems  best  to  use  the  same 
oil  centrifuge  bottle,  with  the  modification  of  introducing 
about  0.5  cc.  of  mercury  originally.  As  before,  the  total  vol¬ 
ume  is  readily  secured,  while  by  inverting 
the  tube  the  volume  of  lower  layer  may  be  de¬ 
termined,  since  the  mercury  seals  off  the  un- 
cafibrated  portion  of  the  tube.  Another  simi¬ 
lar  type  of  bottle,  known  as  the  Babcock  bottle, 
has  a  slightly  smaller  neck  which  is  gradu¬ 
ated  for  a  volume  of  1.8  cc.  in  0.02-cc.  di¬ 
visions.  A  special  bottle  may  obviously  be 
constructed  having  a  small  graduated  well  in 
the  bottom,  which  should  be  very  suitable 
for  this  type  of  measurement. 

The  advantages  of  using  this  type  of  bot¬ 
tle  are  (1)  the  bottle  is  a  standard,  inex¬ 
pensive  article  of  manufacture;  (2)  relatively 
small  quantities  of  liquid  are  required  for  fair 
precision,  and  (3)  the  bottle  may  be  readily 
centrifuged,  thus  giving  a  quick  and  complete 
separation  of  the  phases.  With  the  larger, 
specially  built  flasks  centrifuging  is  virtually 
impossible  and  phase  separation  often  difficult. 

To  give  an  idea  of  the  accuracy  which  can 
be  attained  by  the  use  of  this  type  of  equip¬ 
ment  the  preceding  set  of  equations  may  be 
evaluated  for  different  choices  of  the  variables. 

Using  the  oil  bottle  wrhich  is  graduated  di¬ 
rectly  to  0.05  cc.,  the  volumes  of  the  phases 
should  be  accurate  to  within  0.025  cc.,  while  the 
larger  phase  will  be  about  50  cc.,  and  the 
smaller  about  1  cc.  in  volume.  Assuming  values  for  x,,  yu  x2, 
and  y2  of  0.6,  0.2,  0.2,  and  0.7,  respectively,  an  error  in  each 
volume  of  0.025  cc.  can  introduce  an  error  of  approximately 
0.0004  in  x\  and  y,,  and  0.0005  in  x2  and  y2.  Consequently 
the  solubility  percentages  obtained  should  not  differ  from  the 
true  values  by  over  0.1  per  cent  in  absolute  value,  and  the 
density  should  be  accurate  to  within  0.001.  If  the  individual 


/ 
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Figure  1. 
Oil  Cen- 
trifuge 
Bottle 
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volumes  are  in  error  by  as  much  as  0.05  cc.,  then  the  solubility 
figures  can  differ  from  the  true  values  by  0.2  per  cent  and  the 
density  be  incorrect  by  0.002.  This  assumes,  of  course,  that 
the  starting  materials  are  pure,  that  there  are  no  handling 
losses,  and  that  equilibrium  is  reached,  so  that  only  errors 
in  measurement  need  be  considered.  This  degree  of  accuracy 
is  sufficient  for  many  purposes,  and  consequently  this  method 
can  be  used  conveniently  in  these  cases. 


Table  I.  Water  Solubility  Measurements 


Water  Saturated 

Substance  Saturated 

with  Substance 

with  Water 

at  20°  C. 

at  20° 

C. 

Substance 

%  A 

dl° 

%  A 

d|° 

Secondary  butyl  alcohol 

“  18.5 

0.971 

64.4 

0.880 

Methyl  ethyl  ketone  *> 

26.7 

0.962 

87.9 

0.836 

Methyl  IcrI-butyl  ether c 

4.8 

0.990 

98.5 

0.745 

Methyl  terl-amyl  ether<I 

1.25 

0.995 

99.3 

0.771 

Chloroform6 

0.8 

1.001 

99.8 

1.486 

a  Clough  and  Johns 

give  the 

values  17.85, 

0.9732,  64.17, 

0.8797  (3) 

Earlier  work  by  Timmerans  gives  percentages  of  20.2  and  63.8. 

A  plot  of  Marshall’s  data  gives  methyl  ethyl  ketone  saturated  with  water 
as  88.0  per  cent  ketone  (10). 

c  Bennet  and  Philip  give  percentages  of  5.83  and  97.46.  Their  sample  of 
ether  was  less  pure  than  that  used  here,  boiling  lower  and  having  a  higher 
density,  indicating  the  probable  presence  of  alcohol  (3). 

4  Determinations  by  the  synthetic  method  have  given  percentages  of  1.15 
and  99.4  (4). 

e  Gross  and  Saylor,  using  an  interferometer  method,  give  values  for  water 
saturated  with  chloroform  of  0.77  per  cent  at  30°  C.  and  0.84  per  cent  at 
15°  C.  (6).  Gibby  and  Hall  by  the  synthetic  method  found  chloroform 
saturated  with  water  to  contain  99.93  per  cent  of  chloroform  (5). 


As  examples  of  the  results  obtained  using  the  apparatus 
described  above,  the  data  in  Table  I  are  presented.  They 


represent  water  solubility  measurements  for  several  types  of 
organic  compounds  ranging  from  a  fairly  soluble  materia] 
such  as  secondary  butyl  alcohol  to  a  fairly  insoluble  one  such 
as  chloroform.  Wherever  available  the  corresponding  data 
obtained  by  other  methods  are  given  for  comparison.  The 
agreement  is  generally  satisfactory,  and  where  there  are  dis¬ 
crepancies  these  seem  to  be  due  in  part  to  differences  in  the 
purity  of  the  starting  materials. 

Summary 

The  Hill  method  for  solubility  determinations  has  been 
investigated  and  a  suitable  general  choice  determined  for 
the  volume  ratios  employed.  A  simple  and  inexpensive 
apparatus  is  described  for  carrying  out  the  determinations  and 
experimental  results  obtained  with  this  apparatus  are  given. 

Literature  Cited 

(1)  Alexejeff,  TT iedemann' s  Annalen ,  28,  305  (1886). 

(2)  Bennet  and  Philip,  J.  Chem.  Soc.,  1928,  1930. 

(3)  Clough  and  Johns,  Ind.  Eng.  Chem.,  15,  1030  (1923). 

(4)  Evans  and  Edlund,  “Preparation  and  Properties  of  Ethers 

Containing  a  Tertiary  Alkyl  Group,”  presented  at  the  San 
Francisco  meeting  of  the  American  Chemical  Society,  1935. 

(5)  Gibby  and  Hall,  J.  Chem.  Soc.,  1931,  691. 

(6)  Gross  and  Saylor,  J.  Am.  Chem.  Soc.,  53,  1744  (1931). 

(7)  Hill,  Ibid.,  45,  1143  (1923). 

(8)  Hill  and  MalisofT,  Ibid.,  48,  918  (1926). 

(9)  Kablukov  and  Malischeva,  Ibid.,  47,  1553  (1925). 

(10)  Marshall,  J.  Chem.  Soc.,  1906,  1382. 

Received  March  6,  1936. 


A  Manipulator  for  Glass  Blowing 

VINES  COLLIER,  JR.,  Georgetown  University  Sehool  of  Medicine,  Washington,  D.  C. 


AS  IT  IS  extremely  awkward  and  tiring  to  manipulate 
large  and  bulky  pieces  of  glass  in  glass  blowing,  it  has 
been  customary  to  employ  some  sort  of  rest  for  the  object  being 
worked.  After  some  experience  of  this  kind  the  author  has 
designed  and  constructed  the  device  illustrated.  While  the 
idea  is  not  new,  the  design  is  and  has  been  found  ideally  suited 
for  handling  any  type  of  apparatus  ordinarily  constructed  in 
the  laboratory.  This  manipulator  offers  extreme  flexibility 
in  use,  due  to  its  wide  range  of  adjustment. 

The  actual  working  parts  are  mounted  on  a  solid  brass  rod,  C, 
with  a  slotted  hinge  joint,  E,  which  permits  adjustment  at  any 
angle  to  the  horizontal.  This  rod  works  in  a  hollow  brass  tube, 


B,  with  a  set  screw,  D,  so  that  it  may  be  adjusted  for  height. 
The  hollow  rod  is  mounted  in  a  heavy’  base,  A .  In  the  author’s 
instrument  the  hollow  tube  is  1 1  cm.  high,  but  this,  of  course,  de¬ 
pends  upon  the  size  of  the  blast  lamp  being  used.  The  solid 
brass  rod,  which  should  fit  snugly  into  the  hollow  one,  is  12.5  cm. 
from  the  bottom  to  the  axis  of  the  hinge  joint,  which  is  made  by 
slotting  the  solid  rod  and  rounding  off  the  top  surface.  A  2.5-cm. 
piece  of  brass,  F,  13  mm.  square,  is  worked  down  to  fit  the  slot  and 
the  two  pieces  are  then  drilled  and  tapped  to  take  a  set  screw,  G. 
To  the  top  of  this  square  piece  of  brass  another  piece  of  brass,  H, 
13  mm.  square  and  15  cm.  long,  is  joined  by  two  screws  in  the- 
center,  to  form  a  runner  for  the  two  carriages,  1.  It  is  grooved 
all  the  way  through  except  for  about  2  cm.  in  the  center  where  the 
screws  attaching  it  to  the  upright  pass  through.  It  was  neces¬ 
sary  to  place  a  screw  at  each  end  to  keep  it  from  warping.  The 
top  surface  is  milled  down  at  an  angle  to  fit  into  a  cross  groove  in 
the  bottom  of  each  carriage. 

The  carriages,  made  of  two  15-cm.  pieces  of  brass  13  X  20  mm. 
are  held  on  the  runner  by  set  screws,  J .  They  are  grooved  all  the 
way  through  except  for  1.5  cm.  in  the  center  and  are  fastened  at 
each  end  with  a  screw  to  prevent  warping.  The  carriages  are 
then  milled  to  carry  the  uprights,  K,  which  are  made  of  7.5-cm. 
pieces  of  brass  13  mm.  square. 

The  bottoms  of  the  uprights  are  milled  to  fit  snugly  into  the 
carriage  groove  where  they  are  held  in  place  by  set  screws,  L. 
The  tops  of  the  uprights  are  slotted  to  carry  Bakelite  or  fiber 
wheels,  M,  with  a  diameter  of  2.5  or  3  cm.  These  wheels,  which, 
carry  the  glass,  should  be  free  to  rotate  easily. 

When  constructed  in  this  manner  it  is  possible  to  carry  any 
diameter  of  tubing.  The  wheels  on  which  the  tubing  rests 
permit  it  to  be  rotated  easily  and  at  any  desired  speed  without 
tiring  the  hand  by  supporting.  The  carriages  may  be  set 
close  together  to  carry  short  pieces  of  glass  or  far  apart  to 
support  longer  and  heavier  pieces.  The  whole  instrument 
may  be  tilted  and  used  at  any  angle  desired. 
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A  New  Reagent  for  Potassium 

I.  Qualitative 


.4.  W.  CLARK  AND  C.  O.  WILLITS,  New  York  State  Agricultural  Experiment  Station,  Geneva,  N.  Y. 


TYHE  solubility  of  the  disodium  salt  of  2,4-dinitro-l- 
X  naphthol-7-sulfonic  acid  as  compared  with  the  dipotas- 
ium  salt  has  suggested  its  use  as  a  reagent  for  the  detection 
)f  potassium.  The  present  investigation  is  a  study  of  its 
ipphcability  for  this  purpose.  Both  the  disodium  and  di- 
lotassium  salts  are  known  as  naphthol  yellow  S,  but  the  pred¬ 
ict  usually  found  on  the  market  is  the  disodium  salt  and  is 
he  compound  designated  in  this  paper  as  naphthol  yellow  S. 

Naphthol  yellow  S  reacts  readily  with  potassium  to  form  a 
/ery  bulky,  flocculent,  orange-yellow  precipitate.  The  rate 
it  which  precipitation  occurs  is  dependent  upon  the  concen- 
, ration  of  the  reagent  and  of  potassium. 

General  Procedure 

:  To  determine  the  sensitiveness  of  naphthol  yellow  S  as  a 
qualitative  reagent  for  potassium,  it  was  dissolved  in  water, 
md  concentrations  of  5  and  2  per  cent  and  a  solution  satu¬ 
rated  at  room  temperature  were  used.  The  5  and  2  per  cent 
solutions  were  prepared  by  heating  5  and  2  grams,  respec¬ 
tively,  in  100  ml.  of  water  until  all  the  naphthol  yellow  S  was 
dissolved  and  then  keeping  these  solutions  at  a  temperature 
>f  50°  C.  or  more.  This  was  necessary'  since  the  concentra¬ 
tion  of  a  solution  saturated  at  room  temperature  is  less  than 
1.5  per  cent.  In  each  series  of  experiments  the  same  volume 
of  test  solution  was  used  with  varying  concentrations  of  po¬ 
tassium  as  potassium  sulfate.  To  each  was  added  the  same 
volume  of  reagent  of  a  given  concentration,  and  the  mixtures, 
after  shaking,  were  allowed  to  stand  at  room  temperature. 

Sensitiveness  op  Naphthol  Yellow  S  as  a  Test  for 
Potassium.  The  following  experiments  show  the  sensitive¬ 
ness  of  the  reagent  in  the  absence  of  all  other  cations:  (1) 
three  milliliters  of  a  5  per  cent  solution  of  the  reagent  were 
added  to  10  ml.  of  test  solutions  of  various  concentrations  of 
potassium.  (2)  This  was  repeated  using  a  2  per  cent  solution. 
(3)  Five  milliliters  of  a  solution  of  the  reagent  saturated  at 
room  temperature  were  added  to  1  ml.  of  test  solution  of  vari¬ 
ous  concentrations  of  potassium.  The  results  are  given  in 
Table  I. 


Table  I.  Sensitiveness  of  Naphthol  Yellow  S  as  a  Test 
for  Potassium 


Potassium 

Time  Elapsed 

Ex¬ 

in 

peri¬ 

Reaction 

5  per  cent 

ment 

Mixture 

reagent 

Mg. /ml. 

Min. 

1 

7.87 

0 

2 

3.94 

Less  than  1 

3 

3.15 

1 

4 

2.36 

2 

5 

1.57 

3 

6 

0.79 

8 

7 

0.39 

16 

8 

0.03 

More  than  6 . 5  hours 

9 

0.00 

More  than  6.5  hours 

2  per  cent 
reagent 
Min. 

1 

4 

10 

15 

30 

65 

4  hours 

No  ppt.  formed 
No  ppt.  formed 


Saturated  solu¬ 
tion  of 
reagent 
Min. 


9 

40 

5  hours 

No  ppt.  formed 
No  ppt.  formed 


Using  a  5  per  cent  solution,  a  blank  test  should  be  run, 
since  this  concentrated  reagent  crystallizes  out  on  long  stand¬ 
ing.  To  avoid  the  necessity  of  running  a  blank,  a  more  dilute 
solution  was  used.  The  reaction  of  a  solution  saturated  at 
room  temperature  wTas  too  slow  for  practical  use. 

The  use  of  a  2  per  cent  solution  is  recommended,  since  it 
obviates  the  necessity  of  running  a  blank,  although  its  sen¬ 
sitivity  is  less  than  the  5  per  cent  solution,  as  shown  by -the 
increase  in  time  required  to  cause  precipitation.  Using  a  5 
per  cent  solution,  the  bulk  of  the  precipitate  and  the  length 


of  time  required  for  its  formation  will  enable  one  to  differen¬ 
tiate  between  the  blank  and  the  potassium  precipitate  where 
the  amount  of  potassium  is  0.4  mg.  or  more  per  ml.  of  reaction 
mixture. 

Effect  of  Sodium  Ions.  Ten  milliliters  of  sodium  chlo¬ 
ride  solution  containing  0.1030  gram  of  sodium  were  mixed 
with  10  ml.  of  potassium  sulfate  solution  and  6  ml.  of  naph¬ 
thol  yellow  S  were  added.  The  concentrations  of  the  potas¬ 
sium  sulfate  solutions  were  varied  and  all  other  factors  kept 
constant.  The  results,  compared  to  other  solutions  contain¬ 
ing  only  the  reagent  and  potassium  sulfate  of  the  same  con¬ 
centrations,  are  shown  in  Table  II. 


Table  II.  Effect  of  Sodium  on  Detection  of  Potassium 
by  Naphthol  Yellow  S 


Experi¬ 

Potassium 

in 

Reaction 

Sodium 

in 

Reaction 

Ratio  of 

Time  elapsed 
before  Appearance 

ment 

Mixture 

Mixture 

Na  to  K 

of  Precipitate 

1A 

Mg. /ml. 

3.93 

Mg. /ml. 

3.96 

1:1 

Min. 

1 

IB 

3.94 

Less  than  1 

2A 

1.96 

3.96 

2:1 

4 

3  A 

1.57 

3.96 

2.52:1 

8 

3B 

1.57 

2 

4  A 

1.18 

3.96 

3.35:1 

15 

5  A 

0.79 

3.96 

5.03:1 

30 

5B 

0.79 

8 

6  A 

0.39 

3.96 

10:1 

65 

6B 

0.39 

16 

7  A 

0.19 

3.96 

20:1 

Less  than  24  hours 

8  A 

0.02 

3.96 

26.4:1 

No  ppt.  formed 

9B 

3.96 

No  ppt.  formed 

The  amount  of  precipitate  obtained  in  the  A  and  B  series 
was  much  the  same,  but  there  was  a  marked  difference  in 
physical  appearance.  The  solution  containing  sodium  pro¬ 
duced  an  orange  precipitate  of  a  finer  texture,  which  settled 
much  more  readily.  The  most  noticeable  effect  of  the  sodium 
was  that  about  four  times  as  long  was  required  to  produce  a 
precipitate.  Increasing  the  ratio  of  sodium  to  potassium 
appeared  to  have  little  or  no  effect. 

Other  Interference.  Ten  milliliters  of  test  solution  con¬ 
taining  80  mg.  of  one  of  the  cations  commonly  associated  with 
potassium  and  3  ml.  of  a  2  per  cent  solution  of  the  reagent 
were  mixed  and  set  aside  at  room  temperature.  The  cations 
tested  were  the  chlorides  of  lithium,  sodium,  and  ammonium, 
and  sulfate  of  magnesium.  At  the  end  of  24  hours  no  precipi¬ 
tate  was  formed,  but  the  test  containing  ammonium  gave  a 
slight  precipitate  in  48  hours. 

Rubidium  and  cesium,  the  other  two  alkali  metals  asso¬ 
ciated  with  potassium,  are  so  infrequently  encountered  that 
interference  from  these  elements  is  not  likely  to  occur. 

Details  of  Procedure.  To  10  ml.  of  the  aqueous  solution 
to  be  tested,  containing  only  the  soluble  group,  add  3  ml.  of  a  2 
per  cent  solution  of  naphthol  yellow  S  and  set  aside  at  room  tem¬ 
perature.  The  appearance  of  a  precipitate  in  65  minutes  or  less 
will  indicate  the  presence  of  0.79  mg.  of  potassium  or  more  per  ml. 
of  reaction  mixture.  As  an  alternative  procedure,  3  ml.  of  a  5 
per  cent  solution  of  the  reagent  may  be  used,  with  a  blank  test 
run  under  the  same  conditions.  The  appearance  of  a  precipitate 
in  20  minutes  or  less  at  room  temperature  will  indicate  the  pres¬ 
ence  of  0.39  mg.  or  more  of  potassium  per  ml.  of  reaction  mixture. 

Discussion 

The  salts  of  potassium  are  very  soluble  in  water  and  so  the 
number  of  reagents  that  will  detect  1  part  of  potassium  in 
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2500  parts  of  solution  are  comparatively  few  (I).  They  are 
phosphotungstic  acid,  sodium  6-chloro-5-nitro-m-toluene  sul¬ 
fonate,  and  sodium  cobaltinitrite. 

Phosphotungstic  acid  easily  forms  supersaturated  solutions 
and  so  is  unreliable.  The  other  two  react  readily  with  am¬ 
monium,  which  necessitates  its  removal  before  the  test  is 
made.  Sodium  cobaltinitrite,  the  most  sensitive  reagent  for 
potassium,  easily  decomposes  and  as  such  is  useless  for  the  test. 

Naphthol  yellow  S  is  a  stable  reagent  which  will  detect  at 
least  1  part  of  potassium  in  2500  parts  of  solution  and  the 
presence  of  sodium  and  ammonium  ions  does  not  interfere 
with  the  test. 

Summary 

A  2  per  cent  solution  of  naphthol  yellow  S,  used  in  the  ratio 
of  3  ml.  of  reagent  to  10  ml.  of  test  solution,  is  recommended 
for  general  use  as  a  test  for  potassium. 


For  test  solutions  containing  less  than  0.79  mg.  of  potas¬ 
sium  per  ml.,  3  ml.  of  a  5  per  cent  solution  of  the  reagent  to 
10  ml.  of  test  solution  should  be  used.  This  necessitates 
running  a  blank. 

The  reagent  will  detect  1  part  of  potassium  in  2500  parts 
of  solution. 

The  presence  of  sodium  does  not  interfere  with  the  test  but 
does  increase  the  length  of  time  before  precipitation  occurs. 

Ammonium  and  other  cations  commonly  associated  with 
potassium  do  not  interfere  with  the  test. 
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Action  of  4-Nitrocatechol  as  a  Titration  Indicator 

S.  R.  COOPER  AND  V.  J.  TULANE,  Howard  University,  Washington,  D.  C. 


BENEDIKT  ( 1 ),  who  first  mentioned  4-nitrocatechol, 
obtained  it  by  the  action  of  dilute  sulfuric  acid  upon 
a  dilute  solution  of  a  mixture  of  catechol  and  potassium  nitrite. 
He  stated  that  this  substance  was  yellow  under  acid  conditions 
and  red  under  alkaline  conditions,  and  should  be  an  excellent 
indicator  for  acid-base  titrations. 

The  object  of  this  investigation  was  to  ascertain  if  4-nitro- 
catechol  could  be  used  in  titrations  and  the  type  of  titrations 
in  which  it  could  be  employed. 

Preparation  of  Reagents.  The  4-nitrocatechol  was  pre¬ 
pared  by  the  method  of  Benedikt  (I),  and  was  further  purified 
by  distilling  the  solid  in  a  vacuum  of  2  mm.  and  collecting 
the  portion  which  came  over  between  190°  and  210°  C.  The 
distillate  was  dissolved  in  ether  and  filtered,  and  the  ether 
allowed  to  evaporate.  A  light  yellow  product  which  melted 
at  174°  C.  was  obtained. 

Approximately  0.1  N  solutions  of  hydrochloric,  nitric, 
acetic,  and  oxalic  acids,  sodium  hydroxide,  sodium  carbonate, 
and  ammonium  hydroxide  were  prepared. 

Color  Changes  and  Constants  of  Indicator.  The  indi¬ 
cator  changes  from  very  light  straw  color  under  distinctly 
acid  conditions  to  lemon  yellow  and  finally  to  red  as  alkali 
is  added  to  a  solution  containing  it.  The  change  from  straw 
color  to  lemon  yellow  is  sharp  and  that  from  lemon  yellow  to 
red  gradual. 

The  ionization  constants  were  determined  by  using  a 
Bausch  and  Lomb  hydrogen-ion  colorimeter  and  checking 
the  pH  of  the  buffer  solutions  employed  by  means  of  a  Queen 
potentiometer,  using  the  customary  hydrogen-calomel  com¬ 
bination.  The  pKa  for  the  first  hydrogen  was  found  to  be 
6.56  and  for  the  second  hydrogen  11.33  at  25°  C.  Gilbert, 
Laxton,  and  Prideaux  {2)  found  the  pKa  for  the  first  hydrogen 
to  be  5.56  and  for  the  second  hydrogen  10.96  by  employing  a 
similar  method. 

The  ranges  of  the  color  changes  were  obtained  by  observing 
the  colors  produced  in  a  series  of  buffer  solutions.  The 
pH  range  for  the  change  from  straw  color  to  red  was  found  to 
be  3.92  to  10.57,  and  from  straw  color  to  lemon  yellow  3.92  to 
6.34  at  25°  C. 

Titrations.  Titrations  of  acids  with  bases  were  made  by 
using  the  appropriate  indicator  in  each  case.  These  were  com¬ 
pared  with  similar  titrations  made  by  employing  a  1  per  cent 
aqueous  solution  of  4-nitrocatechol  as  the  indicator.  The 
color  change  used  to  designate  the  end  point  when  this 


indicator  was  employed  was  from  straw  color  to  lemon  yellow. 
In  the  case  of  sodium  carbonate  the  salt  was  treated  with  a 
slight  excess  of  hydrochloric  acid,  boiled  to  free  the  solution 
from  carbonic  acid,  .  and  then  back-titrated  with  sodium 
hydroxide  solution  when  the  4-nitrocatechol  was  used  as  the 
indicator. 


Table  I.  Titrations  of  Acids  with  Bases'1 


Ratio 

Acid 

Base 

(Acid/Base) 

Indicator 

Ml. 

Ml. 

HC1 

NaOH 

25.0 

20.8 

1.20 

Methyl  orange 

25.3 

21.2 

1.19 

Phenolphthalein 

26.68 

22.22 

1.20 

4-Nitrocatechol 

HC1 

NH4OH 

25.06 

25.44 

0.985 

Methyl  orange 

25.02 

25.34 

0.987 

4-Nitrocatechol 

HNOi 

NaOH 

25.0 

20.69 

1.208 

Phenolphthalein 

25.0 

20.60 

1.214 

4-Nitrocateehol 

a  The  values  are  the  averages  of  several  titrations. 

Discussion 

The  authors  feel  that  the  differences  between  the  constants 
which  they  have  obtained  and  those  obtained  by  Gilbert, 
Laxton,  and  Prideaux  (2)  were  due  to  a  difference  in  the  purity 
of  the  two  compounds.  Their  compound  was  described  as 
being  light  brown  and  melting  at  173  °  C.,  whereas  the  authors’ 
compound  was  light  yellow  and  melted  at  174°  C.,  and  the 
product  obtained  before  vacuum  distillation  was  light  brown. 
During  the  distillation  a  light  brown  product  came  over  first 
and  then  a  yellow  distillate  which  was  collected  and  used  in 
the  authors’  study. 

The  4-nitrocatechol  is  useful  for  titrations  of  strong  acids 
with  strong  bases  and  strong  acids  with  weak  bases,  but  can¬ 
not  be  used  in  titrations  of  weak  acids.  A  strong  oxidizing 
acid  like  nitric  did  not  affect  its  operation,  but  on  the  other 
hand  it  did  not  function  well  in  a  solution  containing  much 
carbon  dioxide. 

Summary 

A  I  per  cent  aqueous  solution  of  4-nitrocatechol  has  been 
employed  for  titrations  of  nitric  acid  with  sodium  hydroxide, 
hydrochloric  acid  with  ammonium  hydroxide,  hydrochloric 
acid  with  sodium  hydroxide,  and  sodium  carbonate  with 
hydrochloric  acid. 
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The  action  of  the  indicator  is  affected  by  carbon  dioxide, 
3ut  not  by  a  strong  oxidizing  acid  like  nitric. 

The  indicator  changes  from  a  very  light  straw  color  under 
icid  conditions  to  lemon  yellow  and  finally  red  as  alkali  is 
dded,  the  first  change  being  sharp  and  the  second  gradual. 

The  pH  range  for  the  change  from  straw  color  to  red  was 
found  to  be  3.92  to  10.57  and  for  the  change  from  straw  color 
;o  lemon  yellow  3.92  to  6.34  at  25°  C. 


The  pKa  for  the  first  hydrogen  was  found  to  be  6.56  and 
for  the  second  hydrogen  11.33  at  25°  C. 
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Determination  of  Small  Amounts  of  Potassium 


Means  of  Silver  Cobaltinitrite 


REX  J.  ROBINSON  AND  GARTH  L.  PUTNAM,  University  of  Washington,  Seattle,  Wash. 


THE  determination  of  small  quantities  of  potassium  is  of 
prime  importance  in  the  study  of  biological  fluids,  soil 
extracts,  and  fresh  waters.  Because  of  incomplete  precipita¬ 
tion  when  there  is  less  than  0.100  mg.  of  potassium  per  ml., 
the  widely  used  method  based  on  precipitation  with  sodium 
cobaltinitrite  leaves  much  to  be  desired  (7,  11).  Even  when 
the  potassium  concentration  is  0.150  mg.  per  ml.  or  more, 
satisfactory  results  are  obtained  only  because  of  compensation 
[>f  errors  of  rather  large  magnitude  (7,  18).  Taylor  (14)  has 
shown  that  the  sensitivity  of  the  method  is  increased  with 
in  alcoholic  precipitation  medium.  Reported  below  are 
preliminary'  experiments  with  the  sodium  cobaltinitrite 
reagent  establishing  the  lower  limit  of  each  of  these  pro¬ 
cedures.  From  these  data  it  is  apparent  that  neither  method 
possesses  the  sensitivity  necessary  for  the  direct  determination 
Df  extremely  small  amounts  of  potassium,  such  as  are  found 
Jin  most  lake  and  river  waters.  Since  concentration  by 
evaporation  in  quartz  or  platinum  is  time-consuming  and 
requires  expensive  equipment,  a  direct  determination  would 
i  be  most  desirable  for  water  analysis.  The  silver  cobaltinitrite 
method  of  Breh  and  Gaebler  (2)  appeared  to  offer  the  most 
promise  for  such  a  direct  determination.  Using  a  modifica¬ 
tion  of  this  method,  smaller  amounts  of  potassium  than  re¬ 
ported  elsewhere  in  the  literature  have  been  determined. 

Colorimetric  Determination  of  Nitrite 

Heretofore  the  most  sensitive  method  for  the  determination 
of  potassium  has  been  based  upon  the  precipitation  of 
(Na,K)3Co(N02)6  with  subsequent  determination  of  the 
cobalt  or  nitrite  colorimetrically  (7).  The  extremely  sensitive 
Greiss  method  has  been  extensively  used  for  the  colorimetric 
Jestimation  of  the  nitrite  content  of  this  precipitate  (6). 

Procedure.  A  solution  containing  0.0005  to  0.0050  mg.  of 
NOo  ( 1 ),  which  is  equivalent  to  approximately  0.0001  to  0.0010 
mg.  of  potassium,  respectively,  was  diluted  to  50  ml.  in  a  Nessler 
tube,  and  was  treated  with  a  mixture  of  2  ml.  of  sulfanilic  acid  and 
1  ml.  of  1-naphthylamine  (1).  Comparison  was  made  with 
standards  after  the  color  had  developed  20  minutes.  To  deter¬ 
mine  0.005  to  0.100  mg.  of  N02  the  solution  was  diluted  to  100 
ml.,  the  color  developed  and  the  comparison  with  standards 
made  in  a  Klett  colorimeter. 

Observations  on  the  Colorimetric  Technic.  From  in¬ 
vestigations  of  the  colorimetric  technic,  the  authors  draw  the 
following  conclusions:  First,  to  obtain  strictly  reproducible  re¬ 
sults  the  sulfanilic  acid  and  1-naphthylamine  should  first  be 
mixed  and  then  added  to  the  nitrite  solution.  When  the  Greiss 
reagents  are  added  separately',  the  color  is,  within  certain  limits, 
more  intense  the  longer  the  time  interval  between  the  addition  of 
the  sulfanilic  acid  and  the  1-naphthylamine.  This  observation 
has  been  noted  by  others  (7,  9),  though  most  investigators  fail  to 
heed  this  precaution.  The  mixture  of  reagents  was  found  to  be 
i  stable  for  at  least  2  weeks  in  the  absence  of  light  (9).  Secondly, 


confirming  the  work  of  Taylor  (1))  it  was  found  that  the  use  of  a 
10  per  cent  acetic  acid  medium  prevents  the  formation  of  a  red¬ 
dish  brown  precipitate  with  large  quantities  of  nitrite.  Further¬ 
more,  when  acetic  acid  and  sodium  acetate  are  used,  they  must 
be  present  in  the  same  concentration  in  both  standard  and  un¬ 
known  (16).  Thirdly,  Beer’s  law  is  valid  over  a  range  of  0.0001 
to  0.0010  mg.  of  NOo  per  ml.  of  solution,  which  is  equivalent  to 
0.00002  to  0.00020  mg.  of  potassium  per  ml. 

Determination  of  Potassium  with  Sodium 
Cobaltinitrite  Reagent 

For  the  purpose  of  ascertaining  the  sensitivity  of  the  sodium 
cobaltinitrite  reagent,  the  authors  employed  a  modification 
of  the  method  (15)  which  Tischer  had  claimed  to  be  more 
sensitive  than  previous  methods.  More  recent  work  indicates 
that  the  Kramer-Tisdall  (6)  reagent  may  be  somewhat  more 
sensitive,  though  surely  not  less  than  0.025  mg.  of  potassium 
per  ml.  can  be  determined  with  accuracy  (12). 

In  the  present  investigation  the  modifications  of  the 
Tischer  method  were:  (1)  the  precipitate  was  separated  by 
centrifuging;  (2)  the  precipitate  was  dissolved  in  0.1  N 
sodium  hydroxide;  and  (3)  the  nitrite  was  determined  with 
the  Greiss  reagents.  The  first  two  modifications  were  recom¬ 
mended  by  Lewis  and  Marrnoy  (7),  while  Herzner  (5)  showed 
that  the  Greiss  reagents  may  be  used  satisfactorily  for  the 
determination  of  nitrite. 

The  results  with  this  modified  procedure  were  corrected  for 
a  blank  which  ranged  from  0.00002  to  0.0007  mg.  of  potassium. 
No  precipitation  was  observed  when  the  potassium  concen¬ 
tration  was  less  than  0.040  mg.  per  ml.,  although  a  precipitate 
of  (Xa,K)3Co(N02)6  containing  0.001  mg.  of  potassium  may 
be  seen  easily  in  the  centrifuge  tube.  Moreover,  seeding  the 
reagent  just  before  use  did  not  increase  the  sensitivity  of  the 
reagent.  It  was  found  that  a  minimum  of  0.120  mg.  of  potas¬ 
sium  per  ml.  may  be  determined  with  accuracy  when  calcu¬ 
lating  the  potassium  from  a  potassium-nitrite  factor  based  on 
the  XaK2Co(N02)6  formula  as  Tischer  did,  -whereas  somewhat 
less  than  0.080  mg.  may  be  estimated  quantitatively  if 
potassium  standards  are  carried  through  simultaneously'  with 
the  unknowns  for  the  colorimetric  comparison. 

Taylor  (14)  obtaind  an  increased  sensitivity  with  the 
sodium  cobaltinitrite  reagent  by  the  use  of  a  precipitation 
medium  containing  about  30  volume-per  cent  ethyl  alcohol. 
Recently  Lohse  (8)  reported  results  for  Taylor’s  procedure 
w'hen  the  precipitation  was  made  at  low  temperatures.  How¬ 
ever,  the  smallest  concentration  of  potassium  reported  by 
Lohse  was  0.100  mg.  per  ml.  and,  other  than  this,  the  effect 
of  cooling  upon  the  sensitivity  was  not  given.  In  Table  I 
the  sensitivity  with  the  Taydor  procedure  is  given  for  both 
room  temperature  and  4°  to  6°  C.  The  colorimetric  com- 
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parison  and  estimation  were  made  against  standard  potassium 
solutions  treated  simultaneously  with  the  unknowns. 

Table  I.  Potassium  Recovery  with  Taylor’s  Procedure 


Potassium  at  Room  Temperature 
Present  Found  Difference 

Potassium  at  4° 
Present  Found 

to  6°  C. 

Difference 

Mg. /ml. 

Mg. /ml. 

Mg. /ml. 

Mg. /ml. 

Mg. /ml. 

Mg. /ml. 

0.0020 

0.0000 

0.0000 

0 . 0000 

-0.0020 

-0.0020 

-0.0020 

0.0030 

0 . 0000 

0 . 0000 
0.0000 

-0.0030 

-0.0030 

-0.0030 

0.0030 

0.0037 

0.0019 

0 . 0030 

+0.0007 

-0.0011 

0.0000 

0.0060 

0.0060 

0.0065 

0.0060 

0 . 0000 
+  0.0005 

0 . 0000 

0.0060 

0.0056 

0.0061 

0 . 0060 

-0.0004 

+0.0001 

0.0000 

0.0120 

0.0121 

0.0120 

0.0120 

+0.0001 

0 . 0000 
0.0000 

0.0100 

0.0100 

0.0091 

0.0112 

0 . 0000 
-0.0009 
+0.0012 

0.0300 

0.0300 

0 . 0290 
0.0300 

0 . 0000 
-0.0010 

0 . 0000 

0 . 0200 

0.0201 

0 . 0200 
0.0190 

+0.0001 
0 . 0000 
-0.0010 

On  the  basis  of  these  results  it  can  be  stated  that  cooling 
enables  the  determination  of  smaller  amounts  of  potassium. 
At  4°  to  6°  C.,  0.0030  mg.  of  potassium  was  determined  with 
fair  accuracy  while  at  room  temperature  no  precipitate  was 
formed  at  all.  Furthermore,  a  comparison  of  the  sensitivity 
of  this  method  with  that  of  the  Tischer  method  confirms  the 
conclusions  of  Taylor  that  an  alcoholic  precipitation  medium 
increases  the  sensitivity  of  the  procedure. 

Formulas  ranging  from  KNTa2Co(N02)6  to  K2NaCo(N02)e 
have  been  reported  as  representing  the  composition  of  the 
precipitate,  but  the  composition  is  now  generally  agreed  to  be 
a  mixture  of  these  two  forms  whose  ratio  varies,  depending 
upon  the  conditions  of  precipitation,  and  is  well  represented  by 
the  formula  (K,Na)3Co(N02)6.  However,  with  careful 
regulation  of  conditions  the  composition  is  fairly  reproducible 
from  one  time  to  another.  The  formula  which  best  repre¬ 
sented  the  product  in  the  above  determinations  was  calculated 
to  be  Ki.35Nai.6oCo(N02)6,  assuming  that  all  the  potassium 
was  precipitated.  Using  standard  nitrite  solutions  for  the 
colorimetric  comparison,  and  a  potassium-nitrite  factor  based 
on  the  latter  formula,  the  weight  of  (K,Na)3Co(N02)6  precipi¬ 
tated  is  readily  calculated.  When  this  was  done  the  increased 
recovery  of  potassium  at  the  lower  temperature  of  precipita¬ 
tion  was  evident.  By  this  method  not  less  than  0.030  mg.  of 
potassium  could  be  accurately  estimated  at  room  temperature 
while  as  little  as  0.006  mg.  of  potassium  per  ml.  could  be 
determined  at  the  lower  temperature. 

Precipitation  with  Silver  Cobaltinitrite 

Silver  cobaltinitrite  reagent  is  the  most  sensitive  of  all 
precipitants  of  potassium  (3,  10),  yet,  with  the  exception  of 
Breh  and  Gaebler’s  (3)  investigation  in  blood  serum,  there 
have  been  no  attempts  to  apply  this  reagent  to  quantitative 
work.  They  stated  that,  with  their  procedure,  it  is  possible 
to  precipitate  as  little  as  0.083  mg.  of  potassium  from  5  ml. 
of  blood  serum  filtrate  and  by  using  a  calibration  curve  to 
obtain  the  results  with  an  accuracy  of  3  to  5  per  cent. 

Although  it  has  been  reported  (8)  that  silver  potassium 
cobaltinitrite  has  a  pronounced  tendency  to  become  colloidal 
in  the  absence  of  alcohol  and  electrolytes,  Breh  and  Gaebler 
used  distilled  water  as  the  wash  liquor.  In  the  following 
experiments  acetone  was  the  wash  solution;  alcohol  was  also 
tried  but  acetone  was  superior.  An  all-glass  wash  bottle  was 
essential  for  use  with  either  alcohol  or  acetone,  as  unsaturated 
compounds  were  often  leached  from  the  rubber  connections 
with  subsequent  reduction  of  the  silver  in  the  precipitate. 

Standards  and  Reagents.  In  all  instances  the  reagents 
were  prepared  from  purified  c.  p.  chemicals. 

Alcohol  and  acetone  were  of  such  purity  that  neither  gave  a 
perceptible  precipitate  when  treated  with  silver  nitrate,  allowed 
to  stand  for  3  hours  at  room  temperature,  and  then  centrifuged. 


Silver  cobaltinitrite  reagent  containing  1.0  per  cent  of  silver 
nitrate  was  prepared  by  dissolving  25  grams  of  sodium  cobalti¬ 
nitrite  in  150  ml.  of  sodium  nitrite  solution,  containing  50  grams 
of  sodium  nitrite,  and  adding  with  stirring  5  ml.  of  silver  nitrate 
solution,  containing  2.0  grams  of  silver  nitrate.  The  solution 
was  diluted  to  200  ml.,  2  ml.  of  glacial  acetic  acid  were  added,  and 
air  was  passed  through  the  cold  solution  for  5  minutes.  After 
standing  for  about  12  hours  at  4°  to  6°  C.,  the  reagent  was  fil¬ 
tered  through  a  No.  42  Whatman  filter  paper. 

Fresh  reagent  was  prepared  at  least  once  every  2  weeks  and 
was  preserved  at  4°  to  6°  C.  when  not  in  use.  Just  before  use  a 
portion  was  centrifuged  and  the  supernatant  solution  used  for 
precipitation  of  the  potassium. 

A  stock  solution  of  potassium  sulfate  was  prepared  to  contain 
1.000  mg.  of  potassium  per  ml.  Standard  solutions  were  pre¬ 
pared  by  proper  dilution. 

Synthetic  hard  water,  potassium-free,  had  the  following  com¬ 
position  in  parts  per  million:  Ca++,  195;  Mg++,  53.3;  Na+, 
780;  Fe+++,  35;  Si03— ,  150;  Cl",  1080;  S04“ ,  582.  The 
solution  was  0.17  A  in  respect  to  acetic  acid. 

Procedure.  One  milliliter  of  a  standard  potassium  solution 
was  measured  into  a  15-ml.  centrifuge  tube  and  1.00  ml.  of  the 
silver  cobaltinitrite  added.  The  precipitate  and  solution  were 
allowed  to  stand  for  3  hours  and  then  centrifuged  at  3000  r.  p.  m. 
for  15  minutes.  The  supernatant  liquid  was  carefully  removed 
through  a  siphon.  The  first  washing  was  made  with  5  ml.  of 
water,  the  second  with  the  same  volume  of  60  volume-per  cent 
acetone,  and  subsequent  washings  with  the  same  volume  of 
99.5  per  cent  acetone.  After  centrifuging  5  to  10  minutes,  the 
wash  liquid  was  removed  by  siphoning.  The  precipitate  was 
finally  dissolved  in  1  ml.  of  0.1  N  sodium  hydroxide.  Solution 
was  quickly  completed  by  immersing  the  tube  in  a  boiling  water 
bath  for  10  to  15  minutes.  The  Greiss  reagents  were  added  and 
the  colorimetric  comparison  was  made  against  potassium  stand¬ 
ards  that  had  been  treated  identically.  When  the  amount  of 
potassium  was  believed  to  be  under  0.001  mg.  the  comparison 
was  made  in  a  colorimeter,  using  an  aliquot  containing  0.001  to 
0.020  mg.  of  potassium. 

Following  this  procedure,  known  amounts  of  potassium 
in  distilled  water  were  precipitated  both  at  room  temperature 
and  at  0°C.  to  determine  the  sensitivity  and  the  accuracy 
of  the  method  at  the  two  temperatures.  These  results  are 
shown  in  Table  II. 


Table  II.  Potassium  Recovery  with  the  Silver  Cobalti¬ 
nitrite  Reagent 


Potassium  at  Room  Temperature 
Present  Found  Difference 

Potassium  at  0° 
Present  Found 

c. 

Difference 

Mg. /ml. 

Mg.  /ml. 

Mg. /ml. 

Mg. /ml. 

Mg. /ml. 

Mg. /ml. 

0.0010 

0.0000 

0.0000 

0.0000 

-0.0010 

-0.0010 

-0.0010 

0.0020 

0.0021 

0.0020 

0.0019 

+0.0001 

0.0000 

-0.0001 

0.0050 

0 . 0000 
0.0000 
0.0000 

-0.0050 

-0.0050 

-0.0050 

0.0050 

0.0050 

0.0050 

0.0047 

0 . 0000 
0 . 0000 
-0.0003 

0.0100 

0.0091 

0.0113 

0.0100 

-0.0009 

+0.0013 

0.0000 

0.0100 

0.0100 

0.0109 

0.0092 

0 . 0000 
+0.0009 
-0.0008 

0.0500 

0.0486 

0 . 0507 
0.0500 

-0.0014 
+  0.0007 

0 . 0000 

0.0400 

0.0400 

0.0404 

0 . 0000 
+  0.0004 

0.1000 

0.1000 

0 . 0993 

0 . 10.30 

0 . 0000 
-0.0007 
+0.0030 

With  this  reagent  cooling  assisted  precipitation  greatly  and 
increased  the  sensitivity.  When  standard  potassium  solutions 
were  carried  through  simultaneously  with  the  unknowns  a 
minimum  of  0.010  mg.  of  potassium  per  ml.  could  be  de¬ 
termined  with  precipitation  at  room  temperature,  whereas 
0.002  mg.  per  ml.  could  be  determined  at  0°C.  Moreover, 
precipitation  was  completed  within  2  hours  at  the  lower 
temperature.  The  composition  of  the  precipitate  was  found 
to  be  best  represented  by  the  formula  Ki.3sAgi.65Co(N02)6- 
Using  standard  nitrite  solutions  for  the  colorimetric  compari¬ 
son,  and  a  potassium-nitrite  factor  based  on  the  latter  formula, 
the  potassium  content  of  the  unknown  was  calculated.  In  this 
manner  a  minimum  of  0.050  mg.  of  potassium  per  ml.  could 
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be  determined  with  precipitation  at  room  temperature  and 
3.002  at  0°C.  Although  an  alcoholic  precipitation  medium 
increases  the  sensitivity  of  the  sodium  cobaltinitrite  reagent, 
neither  alcohol  nor  acetone  was  found  to  exert  a  beneficial 
influence  upon  the  sensitivity  of  the  silver  cobaltinitrite 
reagent. 

Determination  of  Potassium  in  Water 

Ammonium  and  chloride  (3)  are  the  only  commonly 
occurring  ions  in  water  that  interfere  with  the  qualitative 
silver  cobaltinitrite  test.  In  view  of  the  previous  satisfactory 
results  by  this  method,  precipitation  of  the  potassium  without 
first  concentrating  appeared  feasible  when  the  potasssium 
occurred  in  quantities  greater  than  0.002  mg.  potassium  per 
ml. — that  is,  2  p.  p.  m.  Less  than  0.002  mg.  per  ml.  necessi¬ 
tated  concentrating  in  an  acid  solution.  Acetic  acid  was  satis¬ 
factory  for  this  purpose  and  concentrations  as  great  as  0.08  TV 
did  not  interfere  materially  with  the  precipitation. 

The  effect  of  the  excess  silver  ion  upon  the  recovery  of 
potassium  was  determined  by  using  reagents  containing  1  and 
2  per  cent  of  silver  nitrate.  For  practical  purposes  the  con¬ 
centration  of  the  excess  silver  ion  in  the  precipitation  medium 
was  twice  as  great  with  the  second  silver  nitrate  solution  as 
with  the  first  because,  in  either  case,  only  an  extremely  small 
amount  of  silver  was  removed  by  precipitation.  When  using 
the  more  concentrated  solution,  somewhat  larger  amounts  of 
potassium  were  apparently  recovered;  this  was  believed  to  be 
due  to  a  higher  silver-potassium  ratio  in  the  precipitate. 
Preferably  but  a  slight  excess  of  silver  ion  should  be  present 
from  the  precipitation  of  the  chloride  and,  what  is  more 
important,  the  same  concentration  of  excess  silver  should 
occur  in  both  standard  and  unknown. 

In  the  analysis  of  naturally  occurring  waters,  if  the  water 
sample  is  very  soft,  distilled  water  is  satisfactory  for  the  dilu¬ 
tion  of  the  potassium  standards;  while  for  accurate  analysis 
of  waters  of  greater  hardness  a  synthetic  water  of  the  same 
hardness  as  the  unknown  should  be  used  for  this  purpose. 
The  previous  work  with  the  silver  cobaltinitrite  reagent  indi¬ 
cated  the  accuracy  which  may  be  expected  with  very  soft 
water  samples. 

Table  III.  Potassium  Recovery  from  Hard  Water 

. - Potassium - - 


Present 

Found 

Difference 

Mg. /ml. 

Mg. /ml. 

Mg. /ml. 

0.0020 

0.0021 

+0.0001 

0.0020 

0 . 0000 

0.0060 

0.0067 

+0.0007 

0 . 0060 

0 . 0000 

0.0055 

-0.0005 

0.0061 

+0.0001 

0.0100 

0.0100 

0 . 0000 

0.0094 

-0.0006 

0.0102 

+0.0002 

0 . 0097 

-0.0003 

0.0200 

0.0201 

+0.0001 

0.0200 

0.0000 

0.0190 

-0.0010 

0.0400 

0 . 0400 

0.0000 

0 . 0402 

+0.0002 

0 . 0392 

-0.0008 

The  applicability  of  the  method  to  hard  waters  was  demon¬ 
strated  by  the  recovery  of  potassium  from  a  synthetic  water 
of  extreme  hardness.  A  potassium-free  synthetic  water  was 
prepared  which  contained  the  maximum  concentration  of 
each  substance  ordinarily  found  in  hard  waters  (4).  The 
magnesium  and  calcium  for  this  solution  were  weighed  as  the 
carbonates  and  then  dissolved  in  an  excess  of  acetic  acid; 
the  excess  acid  prevented  hydrolysis  and  precipitation  of 
iron,  etc.  This  solution  was  0.17  TV  in  respect  to  acetic  acid, 
but  after  the  addition  of  potassium  and  removal  of  chloride 
'the  acidity  of  the  final  potassium  standards  had  been  reduced 
to  0.05  TV. 


For  the  determination  of  potassium  from  the  synthetic 
water  medium,  30  ml.  of  standard  potassium  solution  were 
added  to  10  ml.  of  8.3  per  cent  silver  nitrate  solution  and  then 
enough  synthetic  water  was  added  to  make  a  final  volume 
of  100  ml.  After  thoroughly  mixing,  the  precipitate  was 
removed  from  a  portion  of  the  solution  by  centrifuging. 
Remaining  in  the  supernatant  solution  was  0.55  per  cent 
silver  nitrate  and  0.6  per  cent  acetic  acid.  The  potassium 
content  of  this  solution  was  determined  with  the  silver  co¬ 
baltinitrite  reagent.  The  standards  possessed  the  same  ionic 
concentrations  as  the  unknowns  and  were  accorded  the  same 
treatment.  The  results  are  shown  in  Table  III. 

The  recovery  of  potassium  from  the  hard  water  medium 
was  remarkably  good,  considering  the  small  quantity  of 
potassium  and  the  large  quantity  of  other  ions  involved. 
Moreover,  the  analyses  were  made  with  greater  rapidity 
and  accuracy  than  could  be  expected  writh  the  normal  evapora¬ 
tion  procedure. 

Summary 

When  a  10  per  cent  acetic  acid  medium  is  used  in  the  Greiss 
method  for  the  determination  of  nitrite,  Beer’s  law  is  valid 
over  a  wide  range.  Since  the  intensity  of  the  color  is  some¬ 
what  dependent  upon  the  time  interval  between  the  addition 
of  the  sulfanilic  acid  and  1-naphthylamine,  the  accuracy  of 
the  method  is  improved  by  mixing  the  reagents  before  use. 

The  Tischer  method  for  potassium  is  not  applicable  to  the 
determination  of  less  than  0.120  mg.  per  ml.  of  solution. 
Somewhat  less  than  0.080  mg.  per  ml.  may  be  determined  if 
comparison  is  made  with  potassium  standards  that  have  been 
given  an  identical  treatment.  By  precipitating  from  a  30 
volume-per  cent  alcoholic  medium  at  4°  to  6°  C.,  the  minimum 
quantity  of  potassium  determinable  may  be  decreased  to 
about  0.003  mg.  per  ml.  of  solution. 

By  employing  a  silver  cobaltinitrite  precipitating  reagent, 
and  running  potassium  standards  simultaneously,  the  mini¬ 
mum  quantity  of  potassium  determinable  is  reduced  to  about 
0.002  mg.  Precipitation  should  be  allowed  to  take  place 
near  0°C.,  and  an  acetone  wash  liquor  used.  This  method 
was  found  to  be  applicable  to  the  determination  of  potassium 
in  fresh  water. 
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AMONG  the  first  applications  of  the  modem  photoelectric 
cell  was  its  use  to  replace  the  human  eye  in  photometric 
measurements.  Many  circuits  and  cell  arrangements  for 
specialized  types  of  photoelectric  photometry  have  been 
proposed  in  the  literature  (4,  8,  18,  17).  The  earlier  photome¬ 
ters  were  of  the  direct-reading  type  and  employed  a  single 
photoelectric  cell.  In  1919,  Gibson  (8)  of  the  Bureau  of 
Standards  described  the  null  method  for  photometric  measure¬ 
ments,  using  it  for  the  routine  photometry  of  lamps.  The 
null  method  with  two  photoelectric  cells  eliminates  many  of 
the  inaccuracies  entering  through  direct  reading. 

More  recently  the  photoelectric  cell  has  received  attention 
as  a  means  of  minimizing  the  human  element  as  a  factor  in 
colorimetry.  Muller  (11)  in  1928  described  a  photoelectric 
colorimeter  of  the  direct-reading  type  and  discussed  its  ap¬ 
plication  to  automatic  titration  and  pH  control.  Since  that 
time  a  large  number  of  papers  have  appeared  describing 
colorimeters  which  employ  various  circuit  arrangements  and 
types  of  photoelectric  ceils  (1,  10,  12,  14,  15,  16).  While 
these  papers  have  adequately  discussed  the  detailed  features 
of  each  colorimeter  in  question,  there  seems  to  be  lacking  in 
the  literature  a  discussion  of  certain  fundamental  principles 
especially  applicable  to  the  general  design  of  photoelectric 
colorimeters. 

The  design  of  a  photoelectric  colorimeter  is  determined 
largely  by  the  inherent  limitations  of  the  photoelectric  cell 
type  employed  and  of  the  optical  system.  The  following 
discussion  will  deal,  first,  with  the  manner  in  which  these 
elements  influence  the  characteristics  of  a  precision  photo¬ 
electric  colorimeter  and,  second,  with  the  general  details  of 
design  of  a  precision  instrument. 

Photoelectric  Cell  Characteristics 

Rectifier  Type.1  The  rapid  progress  made  in  photoelec¬ 
tric  colorimetry  since  1932  has  been  due  largely  to  the  develop¬ 
ment  of  the  rectifier  type  of  photoelectric  cell  which  is  very 
rugged,  sensitive,  and  capable  of  generating  its  own  e.  m.  f. 
It  requires  no  batteries  or  external  source  of  electrical  energy 
for  satisfactory  operation. 

The  complicated  manner  in  which  the  internal  resistance 
changes  with  light  intensity,  temperature,  and  time  prevent 
the  rectifier  cell  from  being  entirely  suitable  for  the  most 
precise  colorimetric  work.  If  the  external  circuit  resistance 
is  low  (less  than  100  ohms)  in  comparison  to  the  internal  cell 
resistance,  so  that  the  shunting  effect  of  the  latter  is  relatively 
small,  the  response  becomes  a  linear  function  of  light  intensity 
to  within  1  or  2  per  cent. 

The  internal  resistance  also  has  a  positive  temperature 
coefficient  for  low  external  resistances  and  low  intensities  of 
radiation.  Therefore  precautions  must  be  taken  in  the  design 
of  a  colorimeter  employing  these  cells  to  eliminate  heating 
effects  due  to  the  light  source.  Further  precaution  should 
be  made  to  allow  sufficient  time  for  each  reading,  since  several 
minutes  are  required  for  the  internal  resistance  to  come  to 

1  The  rectifier  type  of  cell  consists  essentially  of  a  metal  disk,  upon  one 
side  of  which  is  a  surface  of  cuprous  oxide  or  selenium,  specially  treated  for 
maximun  sensitivity  to  visible  radiation.  These  cells  have  been  referred 
to  in  the  literature  by  such  various  terms  as  photogalvanic,  photovoltaic, 
photoelectric,  photronic,  and  rectifier. 


complete  equilibrium  for  each  change  in  radiation  intensity. 
The  relatively  low  and  variable  internal  resistance  precludes 
the  adaptability  of  these  cells  to  vacuum  tube  amplification. 

In  Figure  1  is  shown  the  spectral  response  curve  of  a  typical 
rectifier  cell.  The  sensitivity  is  high  throughout  most  of  the 
visible  spectrum.  The  relatively  low  sensitivity  in  the  red 
is-of  little  consequence  when  the  cell  is  used  with  incandescent 
lamps  in  which  the  peak  of  the  spectral  energy  distribution 
curve  occurs  in  the  near  infrared  (900  millimu  for  projection 
lamps). 

A  circuit  employing  two  rectifier  cells  in  a  bridge  arrange¬ 
ment  is  presented  in  Figure  2.  The  arrangement  is  such  that 
the  external  resistance  for  each  cell  under  conditions  of  balance 
for  the  galvanometer,  G,  is  always  constant  and  equal  and 
of  a  sufficiently  low  value  that  the  response  is  essentially 
linear.  -  Ri  and  R2  are  a  pair  of  dial  decade  resistances,  so 
connected  that  if  the  system  is  balanced  with  the  absorption 
cell  out  of  the  beam  of  light  to  Plt  then  the  balance  wdiich  is 
obtained  with  the  absorption  cell  in  the  path  of  light  to  Pi 
will  be  in  direct  proportion  to  the  resistance  included  between 
the  twTo  contact  arms.  Thus  such  a  dial  decade  may  very 
readily  be  made  to  read  in  terms  of  percentage  transmittancy 
of  the  absorbing  medium.  Such  a  colorimeter  in  simplified 
form  has  been  satisfactorily  used  by  the  authors  for  work 
requiring  accuracies  of  from  1  to  2  per  cent.  As  discussed 
below  this  arrangement  may  be  made  to  be  fully  compensating 
for  fluctuations  in  the  light  source. 

Photoemission  Type.2  The  characteristics  of  the  photo- 
emission  type  of  photoelectric  cell  have  been  adequately 
described  by  Ives  and  Kingsbury  (9)  and  others  (2,  17). 
These  cells  in  the  vacuum  type  are  almost  exclusively  used 
in  laboratory  precision  photometry.  Those  commonly  em¬ 
ployed  have  either  potassium  hydride  or  cesium  oxide  cath¬ 
odes.  The  gas  cell  is  not  generally  suitable  for  accurate 

2  The  term  photoemission  is  applied  to  those  cells  which  depend  upon  the 
emission  of  photoelectrons  from  a  sensitized  cathode,  generally  of  an  alkali 
metal  surface  of  the  halide,  oxide,  sulfide,  etc.,  in  an  evacuated  envelope 
(vacuum  type)  or  in  a  rarefied  atmosphere  of  inert  gases  (gas  type). 


Figure  1.  Spectral  Response  Curves  of  Photoelectric 

Cells 
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quantitative  work,  owing  to  its  relatively  unstable  current- 
roltage  characteristic  and  the  lack  of  a  strictly  linear  relation¬ 
ship  between  light  intensity  and  cell  current. 


Figure  2.  Bridge  Circuit  for  a  Pair  of  Rectifier 
Cells  (Photronic) 

R i.  Dial  decade  10  X  10  ohms,  accuracy  —0.1  per  cent 
R°.  Dial  decade  10  X  1  ohms,  accuracy  —0.1  per  cent 
Ri.  100  ohms  wire-wound  fixed  resistor 


The  modem  vacuum  cell  has  very  stable  electrical  charac- 
eristics  with  a  high  internal  resistance  of  the  order  of  hundreds 
>f  megohms  and  a  linear  relationship  of  response  to  light 
ntensity.  The  current  sensitivity  is  low  in  comparison  to 
hat  of  the  rectifier  cell,  but  the  high  internal  resistance  makes 
,hese  cells  especially  suited  to  vacuum  tube  amplification. 
3y  applying  a  saturating  voltage  to  the  vacuum  cell  it  can 
ie  made  relatively  independent  in  response  to  small  voltage 
luctuations  as  may  occur  because  of  IR  drop  in  the  load 
•esistance  or  fine  voltage.  For  a  typical  cesium  oxide  cell 
i  Cetron)  this  saturation  point  is  about  40  volts.  An  applied 
i.'oltage  above  this  point  may  vary  10  per  cent  without  affect- 
ng  the  cell  current  by  more  than  1  per  cent.  In  general,  it 
nay  be  stated  that  the  load  or  external  circuit  resistance 
;hould  not  introduce  an  IR  drop  of  more  than  one  volt  for 
Accurate  determinations  based  upon  the  cell  retaining  a  linear 
response. 

Ives  and  Kingsbury  ( 9 )  present  evidence  to  show  that  it 
|s  not  safe  to  assume  that  the  spectral  sensitivity  of  an 
‘mission  type  of  photoelectric  cell  is  the  same  from  month 
:  o  month  or  like  that  of  another  cell,  even  though  apparently 
nanufactured  under  identical  conditions.  The  relative  in¬ 
stability  of  the  spectral  characteristics  necessitates  the  use 
if  narrow  band  pass  light  filters  for  precision  colorimeters  and 
lephelometers.  The  same  considerations  probably  hold  to 
he  same  degree  in  the  case  of  the  rectifier  cell. 

The  spectral  response  curves  in  Figure  1  for  the  potassium 
Hydride  and  the  cesium  oxide  cells  are  those  of  Ives  and  show 
;o  the  same  scale  the  relative  spectral  sensitivity  of  these 
;wo  types  of  cell.  The  other  curves  of  Figure  1  are  not  drawn 
lx)  the  same  scale.  For  general  use  throughout  the  visible 
spectrum  and  especially  in  the  red,  the  cesium  oxide  cell  is 
he  better  type.  For  the  quantitative  determination  of  yellow 
ind  red  pigments  having  absorption  maxima  in  the  blue,  the 
rotassium  hydride  cell  or  a  cell  of  similar  spectral  characteris- 
ics  is  better  because  of  its  high  sensitivity  in  the  blue  and 
;reen  (Westinghouse  SR  51). 

In  Figure  8  is  shown  a  bridge  circuit  for  use  with  the  vacuum 
ihotoemission  cell.  It  operates  on  the  same  principle  as 
hat  shown  in  Figure  2  for  rectifier  cells.  With  the  vacuum 
‘mission  cells,  the  load  resistance  need  not  be  constant  quan- 
ities,  provided  the  total  resistance  is  not  high  enough  to 
)roduce  an  appreciable  IR  drop.  It  is  possible  to  use  three 
lial  decade  resistances  in  units  of  multiples  of  ten,  making 
ransmittancy  readings  possible  to  0.1  per  cent. 

The  saturating  voltage  consists  of  the  alternating  current 
roltage  drop  in  R6  and  If 7  and  for  a  110- volt  supply  is  45  volts 
ier  cell.  Since  electrons  can  pass  in  appreciable  numbers  only 
rom  the  cathode  to  the  anode,  the  cells  may  be  used  to  rectify 
he  alternating  current  and  a  direct  current  galvanometer 
nay  be  used.  Only  half  of  the  alternating  current  wave 


passes  through  the  cell  so  that  the  theoretical  current 
efficiency  can  be  only  50  per  cent  of  that  of  a  direct  current 
supply.  Actually  it  is  less,  being  about  45  per  cent,  owing  to 
the  fact  that  the  voltage  is  too  low  for  electron  flow  on  the  low 
portion  of  the  wave.  When  the  maximum  cell  sensitivity  is 
required,  the  resistance  and  Ri  may  be  replaced  with  a 
pair  of  45-  to  90-volt  radio  B  batteries. 

Some  Optical  Systems  Applicable  to 
Photoelectric  Colorimetry 

The  optical  system  of  a  balanced  double  photoelectric 
cell  colorimeter  may  be  considered  as  consisting  of  a  lamp 
source  mounted  between  and  on  the  same  optical  axis  with 
two  identical  optically  independent  portions,  each  terminating 
in  a  photoelectric  cell.  Each  half  of  the  system,  in  its  most 
complete  form,  consists  of  (1)  condensing  lenses  for  concen¬ 
trating  as  intense  and  homogeneous  a  beam  of  radiation  as 
possible  upon  the  photocell,  and  (2)  radiation  filters  for  spec¬ 
trally  limiting  the  radiation  as  emitted  by  the  lamp  source. 
In  most  cases  condensing  lenses  are  necessary  to  compensate 
for  the  great  loss  in  total  radiation  occasioned  by  the  use  of 
narrow  band  pass  filters.  Without  filters  it  is  possible  to 
mount  the  photocells  close  enough  to  the  lamp  to  obtain 
sufficient  radiation  without  the  use  of  condensing  lenses. 
However,  proper  filtering  offers  so  many  advantages  in  in¬ 
creased  sensitivity,  more  linear  calibration  curves,  greater 
stability,  and  more  complete  line  voltage  compensation  that 
the  unfiltered  precision  colorimeter  is  desirable  only  for 
certain  specialized  applications.  In  Figure  3  are  shown  several 
types  of  optical  systems  wdiich  may  be  employed.  In  diagrams 
A  and  B,  the  condensing  lenses  are  of  the  small-diameter, 
short-focus  type  used  in  the  small  motion  picture  projectors. 
In  diagram  C  is  shown  a  method  of  using  small  precision  ab¬ 
sorption  cells.  The  lamp  source  in  this  case  must  be  small, 
such  as  a  headlight  bulb  or  strip  filament  projection  lamp. 

Systems  of  lenses  often  tend  to  produce  an  image  of  the 
source  upon  the  photoelectric  cell  cathode,  even  though  the 
cell  may  be  considerably  out  of  focus.  This  results  in  a  series 
of  bright  bands  when  filament  projection  lamps  are  used. 
Ives  and  Kingsbury  ( 9 )  have  shown  that  the  cathode  of  a 
photoemission  cell  may  vary  greatly  in  sensitivity  over  its 
surface.  It  is  well  known  that  these  cells  have  an  upper  limit 
of  intensity  beyond  which  injury  to  the  sensitive  surface  may 
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Figure  3.  Optical  Systems  for  Photoelectric 
Colorimeters 
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CAROTENE.  IN  HEPTANE  CONC.  MG./L. 


Figure  4.  Calibration  Curves  for  Carotene  with 
Various  Degrees  of  Filtering 


occur.  For  these  reasons  especially,  the  imaging  effects  are 
undesirable.  In  the  case  of  the  rectifier  cell,  the  manner  in 
which  the  shunting  effect  of  the  internal  resistance  changes 
with  light  intensity  makes  such  effects  equally  undesirable. 
A  diffusing  screen  of  some  of  the  finely  molded  diffusing  win¬ 
dow  glasses,  placed  immediately  in  front  of  the  photocell, 
adequately  eliminates  imaging  effects  without  too  serious 
a  loss  in  radiation.  In  one  test  it  was  found  that  a  piece  of 
Diffusex  glass  scattered  the  light  satisfactorily  without  in¬ 
curring  a  loss  of  more  than  25  per  cent  in  cell  response. 

Properly  spaced  diaphragms  are  necessary  to  eliminate 
any  scattered  extraneous  radiation  that  might  reach  the 
photoelectric  cell.  A  diaphragm  with  an  aperture  slightly 
smaller  than  that  of  the  absorption  cell  is  necessary  immedi¬ 
ately  in  front  of  the  absorption  cell  on  the  lamp  side.  Dia¬ 
phragms  having  apertures  of  a  wide  range  of  diameters  are 
valuable  in  limiting  the  total  radiation  reaching  the  photocell 
to  an  intensity  which  is  noninjurious  to  the  cell  surface.  Most 
small  photoemission  cells  have  a  maximum  safe  emission  of 
from  10  to  20  microamperes.  The  rectifier  cell,  on  the  other 
hand,  is  claimed  by  the  manufacturers  to  be  uninjured  by 
high  radiation  intensities. 

The  radiant  energy  of  the  incandescent  projection  lamp  is 
over  90  per  cent  infrared  which  is  of  no  value  in  most  colori¬ 
metric  work.  In  order  to  produce  high  visible  intensities 
without  excessive  heating  of  the  absorbing  media  and  photo¬ 
cells,  it  is  necessary  to  remove  the  infrared  by  proper  filtering. 
A  water  cell  will  absorb  most  of  the  energy  beyond  1400 
millimu.  More  complete  filtering  may  be  obtained  by  the 
addition  of  infrared  absorbing  glasses.  The  Corning  0.32-cm. 


Figure  5.  Transmission  Curves  for  Carotene 
and  Various  Filter  Combinations 


(0. 125-inch)  Aklo  plate  glass  (3,  7)  is  very  satisfactory  for  this 
purpose. 

Assuming  that  sufficient  radiant  energy  is  available,  the 
use  of  narrow  band  pass  filters  very  greatly  increases  the 
sensitivity  of  a  colorimeter.  This  increase  in  some  cases 
may  be  as  great  as  a  hundred  fold.  The  logarithmic  calibra¬ 
tion  curves  shown  in  Figure  4  are  for  carotene  in  heptane  and 
graphically  show  the  effect  of  various  degrees  of  filtering, 
Carotene  has  absorption  maxima  only  in  the  blue  (Figure  5), 
so  that  unless  filters  are  used,  little  effect  on  the  total  response 
of  a  cesium  oxide  photocell  would  be  expected  for  large 
changes  in  carotene  concentration.  This  is  due  to  the  mask¬ 
ing  effect  of  other  radiation  not  selectively  absorbed.  When 
no  filter  is  used,  the  curve  has  a  very  small  slope  and  changes 
in  the  highest  concentrations  are  barely  detectable.  With  a 
6  per  cent  cupric  acetate  filter  (Figure  5)  which  has  a  relatively 
wide  transmission  band,  the  slope  is  greater  than  with  nc 
filter  but  not  so  great  as  in  the  case  of  a  Jena  glass  filtei 
combination  of  BG12  and  GG5  (blue  glass  filter),  the  trans¬ 
mission  band  of  which  centers  on  the  carotene  absorption 
band.  The  steepest  slope  is  obtained  -with  a  visual  spectro¬ 
photometer  in  which  the  spectrometer  functions  as  an  optical 
filter  transmitting  a  waveband  of  only  a  few  millimu 

The  filtering  effect  of  an  absorbing  medium  contained  in 
the  absorption  cell  may  seriously  alter  the  linear  relationship 
of  a  logarithmic  calibration  curve,  even  though  the  absorbing 
medium  itself  obeys  Beer’s  law.  A  comparison  of  the  calibra¬ 
tion  curves  for  carotene  obtained  with  two  different  filters 
used  in  a  colorimeter  employing  a  pair  of  cesium  oxide  cells 
shows  this  relationship  (Figure  4).  With  the  use  of  a  5-cm. 
cell  of  6  per  cent  cupric  acetate  which  has  a  wide  transmission 
band,  the  calibration  curve  is  not  a  straight  line  but  falls  off 
at  the  higher  concentrations.  At  high  concentrations, 
carotene  has  an  appreciable  filtering  effect  of  its  own  and 
does  not  absorb  equally  over  the  transmission  band  of  the 
filter.  The  resultant  filtering  effect  of  the  carotene  (4  mg. 
per  liter)  and  the  cupric  acetate  is  shown  in  Figure  5.  A 
decided  maximum  occurs  in  the  longer  wave  lengths  of  the 
band.  The  presence  of  this  off-peak  maximum  accounts  foi 
the  deviation  of  the  calibration  curve  from  a  linear  relation¬ 
ship. 

The  case  is  different  with  the  blue  Jena  glass  filter  in  com¬ 
bination  with  the  1  per  cent  cupric  sulfate  solution.  Here 
the  filter  band  is  so  narrow  that  it  is  rather  completely  covered 
by  the  carotene  absorption  band.  The  transmission  band 
resulting  from  a  combination  of  the  blue  glass  and  carotene  is 
reasonably  symmetrical  and  has  no  off-peak  maximum.  The 
calibration  curve  is  practically  linear,  as  is  also  true  in  the 
case  of  the  spectrophotometer. 

Stable  band  pass  fight  filters  add  greatly  to  the  accuracy 
with  which  a  double  photoelectric  cell  colorimeter  operating 
into  a  bridge  circuit  is  compensated  for  variations  in  intensity 
of  the  fight  source  due  to  fine  voltage  fluctuations.  Since 
slight  voltage  fluctuations  are  greatly  magnified  in  terms  of 
variations  in  fight  intensity,  very  complete  compensation  is 
necessary^  when  a  colorimeter  is  to  be  used  on  the  average 
power  supply.  The  only  alternative  to  compensation  in  the 
instrument  itself  is  voltage  control  by  such  devices  as  storage 
batteries  and  constant  power  transformers,  which  are  bulky, 
expensive,  and  generally  less  satisfactory. 

In  the  case  of  either  of  the  bridge  circuits  shown  in  Figures 
2  and  8,  the  same  proportionate  change  in  response  of  both 
cells  will  not  affect  the  balance  of  the  galvanometer  if  the 
potentiometer  has  been  previously  adjusted  for  zero  deflection. 
If,  however,  the  responses  do  not  change  in  the  same  propor¬ 
tionate  degree,  the  galvanometer  will  cease  to  be  on  zero 
deflection.  As  the  temperature  of  the  filament  changes 
because  of  voltage  fluctuations,  the  radiation  emitted  by  the 
lamp  will  change,  not  only  in  intensity  but  in  quality  also. 
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Figure  7.  Diagrammatic  View  of  Colorimeter  and  Bridge 
Circuit  Employed 

PL.  100- watt  projection  lamp,  2.1875-inch  light  center 
F2.  Vs-inch  Aklo  plate  glass 

Li.  Condensing  lens,  5.625-cm.  (2.25-inch)  focus  (Leitz  2.5  X  hand  lens) 

SF.  Solution  filter  cell,  5  cm.  (Zeiss  water  cell) 

Fi.  Narrow  band  pass  filter 
Ci,  C 2.  Absorption  cells 
D.  Diffusex  glass 

Pi.  Cesium  oxide  vacuum  photoelectric  cell  (Continental  Electric  Co.  “Cetron”) 
Si,  S2.  Absorption  cell  slide  handle 
Ait  A2.  Adjustment  for  balancing  light  flux 
H.  Iron  housing 

G.  Galvanometer,  short  period  type,  sensitivity  0.0005  mm.  1  ^ a. 

R\.  Dial  decade,  10  X  1000  ohms 

R2.  Dial  decade,  10  X  100  ohms 

R3.  Dial  decade,  10  X  10  ohms 

Ra.  10,000-ohm  wire-wound  fixed  resistor 

Ra'.  1000-ohm  slide  wire  rheostat  for  balancing  (optional) 

Ri,  /?6,  R 7.  10,000-ohm  wire-wound  fixed  resistor 

R 8.  1000-ohm  wire-wound  fixed  resistor 
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?he  change  in  quality  is  due  to  the  shift  in  spectral  en- 
rgy  distribution  of  the  filament  with  temperature, 
therefore,  the  unfiltered  radiation  will  produce  equally 
iroportionate  changes  in  cell  response  only  if  the  cells  are 
lentical  in  relative  spectral  sensitivity.  This  condition 
p  very  difficult  to  obtain  even  with  present-day  photo- 
lectric  cells.  If  the  radiation  from  the  lamp  is  filtered 
y  a  pair  of  identical  narrow  band  pass  filters,  only  a 
mall  but  equal  portion  of  the  spectral  sensitivity  curve 
f  each  photocell  is  excited  and  difference  in  relative 
bnsitivity  on  either  side  of  the  narrow  spectral  range 
ransmitted  by  the  filter  is  of  no  consequence.  Under 
hese  conditions  of  filtering,  it  has  been  found  that  it  is 
ot  necessary  to  have  closely  matched  photoelectric 
3lls  for  satisfactory  line  voltage  compensation. 

There  are  several  types  of  light  filters  available  for 
olorimetric  work.  The  glass  filters,  such  as  the  Corn- 
lg  (3)  and  Jena  (6),  are  the  most  satisfactory  from 
le  standpoint  of  stability  but  they  are  often  lacking 
l  sharpness  of  transmission  band.  The  cemented  dyed 
elatin  filters,  such  as  those  made  by  Eastman  (5),  are 
lore  satisfactory  as  filters  but  in  most  cases  lack  the 
reat  stability  of  the  glass  types  just  mentioned.  In 
meral,  it  is  best  to  select  glass  filters  when  possible 
id  to  use  the  less  permanent  dyed  gelatin  type  only 
hen  sufficiently  narrow  transmission  bands  are  not 
b  tain  able  in  the  glass  type. 

Details  of  Colorimeter 

The  photoelectric  colorimeter  shown  in  Figure  9  and 
resented  diagrammatically  in  Figures  7  and  8  was  de- 
gned  around  a  pair  of  Cetron  (Continental  Electric 
ompany)  cesium  oxide  vacuum  photoelectric  cells  of  the 
mission  type  (Pi  and  P2).  The  various  parts  of  the  in- 
rument  are  mounted  rigidly  on  a  solid  base  of  oak. 
igidity  is  a  prime  requisite  for  a  satisfactory  colorime- 
r  of  this  type,  since  the  slightest  distortion  of  the 
ise  will  deflect  the  light  beam  enough  to  cause  annoy- 
g  drifting  of  the  galvanometer.  An  iron  casting  is  ex¬ 
tent  as  a  base. 

The  housing,  H,  is  of  19-gage  cadmium-plated  black  iron, 
ad  is  divided  into  seven  compartments  by  sheet-iron 
irtitions.  Adequate  ventilation  is  provided  in  the  lamp  com- 
irtment  by  openings  in  the  side  and  a  short  chimney  on  the 
p.  A  pair  of  readily  removable  aluminum  lids  exposes  the  two 
impartments  at  either  end,  which  house  the  photocells  and 
osorption  cells.  These  are  shown  in  the  photograph. 


Figure  6.  India  Ink  Calibration  Curves 

Obtained  with  a  Bausch  and  Lomb  spectrophotometer  and  the  photo- 
electric  colorimeter 


The  lamp  source,  PL,  is  a  100-watt  T-10  projection  lamp  in 
a  medium  prefocus  base.  The  lamp  has  a  light  center  of  5.47 
cm.  (2.1875  inches).  The  selection  of  lamps  with  this  light  center 
distance  makes  it  possible  to  use  100-,  200-,  and  500-watt  lamps 
interchangeably  in  the  same  socket  and  still  have  the  filament  at 
the  same  focal  point. 

The  lenses  are  Leitz  hand  magnifiers.  L\  is  50  mm.  in  diame¬ 
ter,  4  magnification,  and  L 2  is  54  mm.  in  diameter,  2.5  magni¬ 
fication.  The  lamp  filament  is  at  the  focus  of  L\. 

The  filter  system  consists  of  a  pair  of  panes  of  0.3-cm.  (0.125- 
inch)  Aklo  plate  glass,  F2)  a  pair  of  Zeiss  5-cm.  deep  absorption 
cells,  SF,  for  solution  filters  or  water;  and  provision  for  inserting 
a  pair  of  5-cm.  (2-inch)  square  glass  or  cemented  gelatin  filters, 
Fi.  The  diffusing  screen,  D,  is  Diffusex  glass. 

The  solutions  of  unknown  density  are  placed  in  the  absorption 
cell,  Ci,  and  the  solvent  is  placed  in  cell  C2.  The  two  cells  ride 
on  a  sliding  carriage  which  moves  by  the  handle,  Si,  between 
movable  stops.  In  some  types  of  determinations  it  is  desirable 
to  place  absorption  cells  in  both  light  paths  and  therefore  a 
second  carriage  was  incorporated  at  S2. 

The  tapered  screws,  A i  and  A2,  are  for  finely  balancing  the 
radiant  energy  of  the  two  beams.  Since  the  radiation  is  essen¬ 
tially  parallel  between  the  two  lenses,  L i  and  L2,  the  addition 
of  an  opaque  object  does  not  result  in  seriously  uneven  flux 
distribution  on  the  photoelectric  cells. 

The  bridge  circuit  shown  diagrammatically  in  Figure  7  and 
in  detail  in  Figure  8  was  made  up  as  shown. 

The  dial  decade  resistances  are  accurate  to  0.1  per  cent.  The 
fixed  resistances,  R4,  Rb,  R6,  Ry,  and  Rg  are  wire-wound  units 
having  a  tolerance  of  1  per  cent. 

Attempts  to  use  a  slide  wire  rheostat  type  of  potentiometer 
in  place  of  the  dial  decade  units  have  not  proved  very  satisfactory. 
Such  high-resistance  potentiometers  do  not  hold  their  calibration, 
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Figure  8.  Details  of  a  Bridge  Circuit  for  Vacuum 
Photoemission  Cells 

Elements  are  as  described  in  Figure  7. 


because  of  wear  and  movements  of  the  wires  under  the  sliding 
contact.  Furthermore,  most  potentiometers  of  this  type  are 
not  wound  to  an  accuracy  of  better  than  5  or  10  per  cent. 

The  decade  resistances  are  arranged  on  the  instrument  panel 
in  the  order  shown  in  Figure  8,  with  the  high  unit  on  the  left. 
The  readings  are  made  in  terms  of  per  cent  in  units  of  0.1. 

The  double-pole,  double-throw  key  switch  is  for  quickly 
setting  the  bridge  for  calibration,  with  the  decade  units  set  for 
a  total  resistance  of  10,000  ohms,  regardless  of  the  position  of 
the  decade  switch  arms.  With  this  setting  of  the  switch,  the 
light  intensity  is  balanced  by  means  of  the  screws,  Ax  and  Ait 
with  the  blank  absorption  cell,  C2,  in  place.  The  balancing  can 
be  made  just  as  readily  by  means  of  a  rheostat  of  1000  or  2000 
ohms  at  Rt'  when  vacuum  emission  cells  are  used. 

After  the  instrument  is  balanced,  the  switch  is  thrown  to 
“measure”  and  the  absorption  cell,  C\,  which  contains  the  solu¬ 
tion  to  be  measured,  is  slid  into  place.  A  new  balance  is  now 
made,  using  the  three  dials,  and  the  transmittancy  is  read  di¬ 
rectly. 

Several  methods  were  used  to  determine  whether  the  in¬ 
strument  and  the  photocells  were  strictly  linear.  The  Cetron 
photoelectric  cells  were  found  to  be  as  closely  linear  in  response 
to  intensity  with  the  bridge  circuit  used  as  the  methods  em¬ 
ployed  could  detect.  The  most  conclusive  test  made  was  the 
determination  of  the  transmittancy  of  a  series  of  India  ink 
solutions  of  arbitary  concentrations,  the  determinations  being 
made  by  means  of  the  colorimeter  and  a  Bausch  and  Lomb 
polarizing  spectrophotometer.  The  data  are  plotted  in  Figure 
6.  Both  sets  of  data  present  curves  which  fall  very  closely  to 
the  same  line.  The  deviation  from  a  straight  line  is  probably 
due  to  the  ink  itself,  since  both  sets  of  data  show  the  same 
deviation. 

The  ability  of  the  colorimeter  to  retain  its  calibration 
accurately  over  a  period  of  6  months  is  exemplified  in  Table 
I.  These  figures  are  the  results  secured  with  different  lamp 
bulbs  and  different  photocells. 

A  dilute  India  ink  solution  and  a  5-cm.  (2-inch)  square  of 
Coming  glass  No.  555  were  used  as  absorbing  media.  The 
filter  consisted  of  the  Jena  blue  combination  BG12  and  GG5. 
Only  a  few  tenths  difference  in  reading  is  occasioned  by  the  use 
of  two  different  pairs  of  photoelectric  cells.  These  cells  are 
obviously  not  matched,  since  they  were  purchased  from  the 
manufacturer  almost  a  year  apart.  The  deviation  is  only  0.5 
per  cent  when  projection  lamps  of  two  different  voltages  are 
employed.  When  the  transmittancy  of  the  glass  was  determined 
over  a  period  of  6  months,  the  reading  likewise  varied  only  a 
matter  of  0.1  per  cent.  In  order  to  attain  these  accuracies,  it 
is  necessary  to  allow  the  lamp  to  heat  up  for  20  or  30  minutes 


Table  I.  Results  with  Different  Lamp  Bulbs  and  Photo¬ 
cells 

No.  of  Photocell 

in  Socket  Absorbing 


Date 

Lamp 

Watts 

Pi 

Pi 

Medium 

T 

% 

6-30-35 

100 

1 

2 

India  ink 

47.8 

6-30-35 

100 

2 

1 

India  ink 

47.8 

6-30-35 

100 

3 

1 

India  ink 

47.8 

6-30-35 

100 

4 

1 

India  ink 

47.9 

6-30-35 

100 

3 

4 

India  ink 

47.8 

6-30-35 

100 

1 

2 

Corning  No.  555 

61.7 

6-30-35 

100 

2 

1 

Corning  No.  555 

61.7 

6-30-35 

100 

1 

3 

Corning  No.  555 

61.8 

6-30-35 

100 

1 

4 

Corning  No.  555 

61.8 

6-30-35 

100 

3 

4 

Corning  No.  555 

61.6 

6-31-35 

100 

1 

2 

Corning  No.  555 

61.7 

6-31-35 

200 

1 

2 

Corning  No.  555 

62.1 

4-14-35 

100 

1 

2 

Corning  No.  555 

60.3 

4-18-35 

100 

1 

2 

Corning  No.  555 

60.3 

4-20-35 

100 

1 

2 

Corning  No.  555 

60.3 

4-21-35 

100 

1 

2 

Corning  No.  555 

60.3 

4-23-35 

100 

1 

2 

Corning  No.  555 

60.3 

5-27-35 

100 

1 

2 

Corning  No.  555 

60.3 

6-15-35 

100 

1 

2 

Corning  No.  555 

60.3 

6-25-35 

100 

1 

2 

Corning  No.  555 

60.2 

7-31-35 

100 

1 

2 

Corning  No.  555 

60.2 

8-  3-35 

100 

1 

2 

Corning  No.  555 

60.3 

9-20-35 

100 

1 

2 

Corning  No.  555 

60.3 

10-  3-35 

100 

1 

2 

Corning  No.  555 

60.4 

10-14-35 

100 

1 

2 

Corning  No.  555 

60.3 

10-24-35 

100 

1 

2 

Corning  No.  555 

60.3 

Table  II. 

Calibration 

Data 

of  Potassium  Dichromate 

Solutions  with  Photoelectric  Colorimeter 


Concentration 

Ti 

Ti 

T, 

Tt 

G./100  cc . 

% 

% 

% 

% 

0.002 

96.6 

96.5 

96.55 

96.5 

0.010 

84.9 

84.9 

84.85 

84.7 

0.020 

72.6 

72.8 

72.8 

72.5 

0.030 

62.5 

62.8 

62.8 

62.5 

0 .  U50 

47.7 

48.3 

48.35 

47.9 

0.070 

37.7 

37.9 

38.3 

38.0 

0.100 

27.8 

28.4 

28.4 

28.2 

before  taking  any  readings.  For  ordinary  accuracies  of  the 
order  of  1  per  cent,  no  appreciable  time  needs  to  be  allowed. 
If  the  instrument  had  been  more  rigidly  mounted  on  a  cast-iron 
base,  these  heating  effects  would  probably  not  have  been  so 
pronounced. 

Table  II  presents  a  set  of  readings  taken  with  potassium 
dichromate  solutions  by  three  different  individuals  over  a 
period  of  8  hours.  With  the  exception  of  one  concentra¬ 
tion,  the  readings  do  not  have  a  maximum  variation  of  more 


Figure  9.  Photograph  of  Completed  Photoelectric 
Colorimeter 

Above,  setup  for  use  with  bridge  on  left.  . 

Below,  colorimeter  with  housing  removed  to  show  placing  of  parts. 
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than  0.5  per  cent.  Some  of  this  variation  is  undoubtedly 
due  to  foreign  matter  on  the  face  of  the  absorption  cells. 
It  is  very  difficult  to  keep  the  cells  absolutely  clean  when  con¬ 
stantly  refilling  with  solutions  such  as  dichromate. 

The  degree  to  which  the  instrument  is  compensated  for 
fluctuating  fine  voltage  was  tested  by  inserting  a  variable 
resistance  in  series  with  the  lamp  source.  The  voltage  was 
varied  from  116  to  90  volts,  which  resulted  in  more  than  a 
50  per  cent  decrease  in  light  intensity.  Under  these  condi¬ 
tions,  the  galvanometer  balance  did  not  shift  sufficiently  to 
necessitate  a  0.1  per  cent  change  in  dial  setting.  This  com¬ 
plete  .compensation  is  lost  if  the  optical  system  is  not  filtered 
with  absolute  symmetry.  For  this  reason,  it  is  always  advis¬ 
able  to  purchase  filters  as  matched  pairs. 

Summary 

The  principles  of  design  of  precision  photoelectric  color¬ 
imeters  are  discussed.  An  instrument  based  upon  these 
principles  is  described  which  has  the  following  characteristics : 

The  complete  colorimeter  consists  of  three  units :  colorime¬ 
ter  unit,  dial  decade  bridge,  and  galvanometer,  either  wall 
or  portable  type  depending  upon  the  sensitivity  required. 

In  measuring  transmittancy,  the  instrument  has  an  abso¬ 
lute  accuracy  of  the  order  of  1  per  cent  and  a  reproducible 
accuracy  of  0.1  per  cent. 

The  accuracy  of  the  instrument  inherently  depends  only 
upon  the  retention  of  the  linear  response  of  the  photo¬ 
electric  cells  and  it  is  independent  of  other  gradual  changes  in 
characteristics. 

The  calibration  is  not  appreciably  affected  by  changes  in 


lamp  source  or  in  line  voltage  fluctuations.  Fluctuations  of 
=*=5  volts  are  not  detectable  in  the  operation  of  the  instrument. 
The  colorimeter  reads  directly  in  percentage  transmission. 
The  instrument  exhibits  no  lag  effects. 
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A  Microdistillation  Apparatus 

LYMAN  C.  CRAIG,  Rockefeller  Institute  for  Medical  Research,  New  York,  N.  Y. 


SUCCESSFUL  chemical  investigation  of  small  amounts 
of  material  is  largely  dependent  upon  special  manipu¬ 
lation  designed  to  supply  the  same  treatment  as  do  the 
customary  macroprocedures.  Obviously  microdistillation  and 
fractionation  require  special  technic  because  of  the  very  small 
volume  of  the  liquid.  In  the  investigation  of  the  ergot  alka¬ 
loids  which  has  been  in  progress  in  this  laboratory  for  some 
time,  it  has  been  necessary  to  do  many  microdistillations. 
The  apparatus  described  below  was  designed  for  this  purpose 
and  has  proved  invaluable  to  the  work.  Microsublimation 
followed  by  condensation  on  a  small  area  has  long  been  known. 
This  apparatus,  however,  is  an  adaptation  of  the  Siwoloboff  (I) 
micromethod  for  taking  boiling  points,  combined  with  an 
adaptation  of  the  principle  of  microsublimation  and  allows  a 
true  distillation  to  be  approached. 

A  diagram  of  the  apparatus  is  shown  in  Figure  1.  The  main 
part  of  the  apparatus  is  made  from  glass  tubing  approximately 
17  mm.  in  diameter.  The  lower  part  is  drawn  out  into  a  capillary 
which  is  about  30  mm.  long  and  has  an  inside  diameter  slightly 
larger  than  1  mm.  On  the  lower  end  of  the  capillary  is  sealed  a 
small,  thin-walled  bulb,  A,  of  0.25-cc.  capacity.  Projecting 
through  and  almost  filling  the  capillary  and  extending  to  the 
bottom  of  the  bulb  is  an  ebullition  stick,  B,  made  of  a  solid  glass 
rod,  with  the  exception  of  the  lower  end  on  which  is  sealed  1  mm. 
of  capillary  tubing.  The  condenser,  C,  is  fitted  into  the  apparatus 
with  a  ground-glass  joint  at  F.  Its  top  is  closed  by  a  rubber 
stopper  through  which  a  glass  tube,  D,  extends  to  the  lower  end 
of  the  condenser.  The  condenser  is  cooled  by  a  stream  of  cold 
water  entering  through  the  glass  tube,  D,  filling  the  condenser, 
and  emerging  at  G.  During  the  distillation,  liquid  condenses  on 


the  outside  of  the  tip  of  C  and 
is  held  there  by  surface  at¬ 
traction.  In  order  that  more 
liquid  may  adhere  to  the  tip 
of  the  condenser,  it  is  strongly 
indented.  By  making  the 
proper  inverted  cup  on  the 
tip,  0.2  cc.  of  a  mobile  organic 
liquid  will  easily  adhere.  Fol¬ 
lowing  distillation,  the  dis¬ 
tillate  can  be  removed  from 
the  condenser  by  means  of  a 
capillary  pipet  and  the  tip  of 
the  condenser  then  placed  in 
a  small,  short  test  tube  and 
the  last  traces  of  distillate  re¬ 
moved  with  the  appropriate 
solvent. 

The  apparatus  is  im¬ 
mersed  in  an  oil  bath  to  a 
point  above  the  tip  of  the 
condenser  as  shown.  The 
oil  bath  is  fitted  with  a 
mechanical  stirrer  and  a 
thermometer  for  recording 
the  temperature.  The 
temperature  of  the  oil 
bath  is  slowly  raised  until 
the  liquid  visibly  boils  or 
until  a  steady  stream  of 


mm. 

Figure  1 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  3 


bubbles  comes  from  the  tip  of 
the  ebullition  stick,  B.  In  order 
to  determine  the  boiling  point, 
experience  has  shown  that  a 
correction  of  a  few  degrees  must 
be  subtracted  from  the  tempera¬ 
ture  of  the  oil  bath  at  this  point. 
The  boiling  point  is  of  the  same 
order  of  accuracy  as  the  boiling 
point  taken  by  the  Siwoloboff 
micromethod  (1)  for  taking 
boiling  points.  An  indication 
of  the  boiling  point  can  be  ob¬ 
tained  only  when  the  liquid  is  a 
pure  compound,  since  the  tem¬ 
perature  recorded  gives  the  boil¬ 
ing  point  of  the  liquid  and  not 
that  of  the  distillate.  When 
fractionation  is  necessary,  each 
fraction  is  redistilled  and  the  true 
boiling  point  thus  approached 
The  liquid  to  be  distilled  is 
placed  in  the  bulb,  A,  by  means 
of  a  capillary  pipet  and  the 
ebullition  stick,  B,  is  then  re¬ 
placed.  B  fits  the  capillary  of  the 
apparatus  rather  snugly  and 
allows  passage  of  the  vapors  of 
the  liquid  to  the  condenser,  C, 
essentially  only  at  the  boiling  point  of  the  liquid.  Herein  lies 
the  advantage  of  the  apparatus  described,  since,  without  the 
capillary,  vapors  would  pass  from  the  liquid  to  the  condenser 
at  a  temperature  considerably  below  the  boiling  point  because 
of  evaporation  and  rapid  diffusion  to  the  condenser  through 
the  larger  opening.  The  conditions  presented  by  distillation 


from  the  customary  flasks  used  for  macrodistillation  are  thus 
more  nearly  reached  by  use  of  the  capillary  constriction  which 
is  nearly  filled  by  the  ebullition  stick,  B. 

As  many  fractions  as  desired  can  be  taken  during  each  dis¬ 
tillation.  Each  fraction,  however,  corresponds  to  only  a  flash 
distillation,  as  there  is  no  fractionation  from  reflux.  A  com¬ 
plete  distillation  can  be  done  very  quickly  and  is  practically 
quantitative,  as  only  the  condenser  is  below  the  temperature  of 
the  boiling  point  of  the  liquid  and  there  is  no  loss  due  to  a 
large  condenser  surface.  Accordingly,  the  process  may  be 
repeated  several  times  and  thus  arrive  at  a  fractionation  in 
the  truest  sense  of  the  word.  Distillations  under  reduced 
pressure  can  be  made  equally  well  by  evacuating  the  flask 
at  the  opening,  E,  although  one  of  the  usual  means  of  avoiding 
fluctuations  of  the  pressure  is  necessary  since  the  distillation 
must  take  place  without  bumping.  Thus,  the  apparatus  is 
adaptable  for  distillation  of  a  wide  range  of  substances  at 
temperatures  and  pressures  at  which  any  distillation  can  be 
accomplished  on  the  customary  macroscale. 

When  the  volume  of  the  distillate  is  more  than  0.2  cc.,  an 
apparatus  of  the  type  shown  in  Figure  2  has  been  found  to  be 
usef ul .  This  operates  in  principle  like  the  previous  apparatus, 
with  the  exception  that  provision  has  been  made  for  the 
collection  of  the  larger  volume  of  distillate  by  modification 
of  the  condenser. 

A  capillary  tube  is  fitted  to  the  top  of  the  condenser  at  e  with  a 
small  ground-glass  joint  and  leads  to  a  mercury  leveling  bulb,  the 
purpose  of  which  is  to  change  the  pressure  in  the  collection 
chamber,  a,  so  that  it  can  be  made  less  than  that  in  b.  By  proper 
adjustment,  the  droplet  of  distillate  as  it  collects  at  c  will  be 
forced  up  through  the  capillary,  d,  and  into  a,  where  it  can  b» 
obtained  with  a  capillary  pipet  after  the  distillation  is  finished. 
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Borax  as  an  Acidimetric  Standard 

FRANK  H.  HURLEY,  JR.,  Department  of  Chemistry,  Rice  Institute,  Houston,  Texas 


THE  use  of  borax,  Na2B4O7T0H2O,  as  a  primary  standard 
in  acidimetry  was  suggested  many  years  ago  (8) . 
Experimental  work  tending  to  confirm  its  suitability  for  this 
purpose  has  appeared  from  time  to  time  ( 1 ,  4 ,  6),  but  it  has 
never  been  as  generally  used  as  its  many  advantages  would 
seem  to  ■warrant.  Kolthoff  (1),  in  comparing  the  relative 
merits  of  several  substances  as  acidimetric  standards,  states 
that  “the  substance  most  to  be  recommended  as  a  standard 
is  borax.”  Lindfors  (3)  recommends  it  highly  for  routine 
commercial  work.  The  most  probable  reason  for  the  failure 
of  borax  to  come  into  common  use  is  that  it  is  a  hydrated 
compound,  and  such  compounds  are  not  usually  suitable  for 
use  as  standards  because  of  the  difficulty  of  drying  them  under 
conditions  such  that  none  of  the  water  of  hydration  is  lost. 

The  methods  which  have  hitherto  been  proposed  for  drying 
borax  are  not  entirely  satisfactory.  The  process  of  simple 
air-drying  of  recrystallized  borax  recommended  by  Lindfors 
(S)  is  not  very  safe,  because  the  solution  which  remains  on  the 
surface  of  the  crystals  is  alkaline  enough  to  absorb  carbon 
dioxide  from  the  air  with  the  formation  of  sodium  carbonate  or 
bicarbonate  as  an  impurity  ( 2 ).  The  technic  of  drying  borax 
over  moist  sodium  bromide,  which  is  recommended  by 
Kolthoff  (2),  is  open  to  two  practical  objections— namely, 


that  sodium  bromide  is  relatively  expensive,  and  that  tb 
drying  process  requires  considerable  time.  Moreover,  tb 
suitability  of  this  desiccant  has  recently  been  questioned  b; 
Menzel  (5)  on  theoretical  grounds.  Menzel  proposes  in  plac< 
of  sodium  bromide  a  solution  saturated  with  respect  to  botl 
sugar  and  salt  (sucrose  and  sodium  chloride),  since  this  solu 
tion  was  found  to  have  the  proper  vapor  pressure  for  maintain 
ing  borax  in  the  decahydrated  state  over  a  wide  range  o 
temperature.  This  last  desiccant,  while  it  is  apparently  fre 
from  all  theoretical  criticism,  is  nevertheless  objectionable  be 
cause  of  its  slow  action.  Unless  an  easy,  rapid,  and  exac 
method  for  drying  borax  is  available,  its  usefulness  as  a  stand 
ard  substance  is  obviously  limited.  In  the  present  paper 
very  easy  method  of  drying  with  alcohol  and  ether  is  describee 
and  the  purity  of  borax  dried  in  this  way  is  tested  by  con 
oarison  with  borax  dried  by  Menzel’s  method  and  also  wit 
pure  sodium  carbonate. 

Purification  and  Drying  of  Borax 

Pure  borax  was  prepared  by  the  recrystallization  of  tl 
c.  p.  material,  using  quantities  of  borax  and  water  (50  m 
of  water  to  every  15  grams  of  borax)  such  that  no  crystalliz; 
tion  could  occur  above  55°  C.,  thus  eliminating  the  poss 
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bility  of  the  formation  of  the  pentahydrate  of  sodium  tetra¬ 
borate  (transition  temperature,  decahydrate  penta¬ 
hydrate,  61  °  C.)-  The  borax  crystals  were  freed  from  mother 
liquor  by  suction,  then  washed  twice  with  water. 

The  first  method  of  drying  consisted  in  washing  the  damp 
crystals  with  two  portions  of  95  per  cent  ethyl  alcohol,  followed  by 
two  portions  of  ethyl  ether,  each  washing  being  followed  by  suction 
to  remove  the  wash  liquid.  The  portions  of  alcohol  and  ether 
used  were  about  5  ml.  for  10  grams  of  the  borax  crystals.  This 
drying  treatment  has  been  applied  with  success  in  analytical  work 
to  magnesium  ammonium  phosphate  hexahydrate.  Following 
the  treatment  with  alcohol  and  ether,  the  borax  was  spread  out 
in  a  thin  layer  on  a  watch  glass  and  allowed  to  stand  at  room 
temperature  to  permit  the  evaporation  of  the  ether. 

The  second  method  of  drying  consisted  in  spreading  the  damp 
crystals  on  a  watch  glass  and  placing  it  in  a  desiccator  over  a 
solution  saturated  with  respect  to  both  sugar  and  salt,  the  desic¬ 
cant  recommended  by  Menzel. 

Stability  of  Borax 

Before  proceeding  to  analytical  tests  of  the  purity  of  borax 
prepared  and  dried  by  the  methods  described,  it  was  desired 
to  gain  some  information  about  the  stability  of  the  substance 
n  air  at  room  temperature,  and  in  the  presence  of  saturated 
sugar  and  salt  solution.  One  of  the  principal  advantages  in 
die  use  of  borax  is  that  it  may  be  weighed  directly  in  air, 
since  it  is  not  hygroscopic.  It  has  long  been  known,  however, 
shat  borax  loses  its  water  of  crystallization  very  slowly  when 
cept  in  air  at  room  temperature.  In  order  to  determine  the 
•ate  at  which  this  loss  occurs,  a  3-gram  sample  of  borax, 
Iried  with  alcohol  and  ether  and  allowed  to  stand  overnight 
so  permit  the  evaporation  of  the  ether,  was  placed  in  a  crucible 
imd  allowed  to  remain  for  a  long  period  of  time  in  contact  with 
lir  at  room  temperature  (24°  to  33°  C.).  From  time  to  time 
she  crucible  was  weighed  and  the  loss  in  weight  noted.  The 
oss  of  weight  at  the  end  of  several  periods  of  exposure  was 
is  follows:  5  days,  0.027  per  cent;  17  days,  0.050  per  cent; 
15  days,  0.076  per  cent;  52  days,  1.04  per  cent.  During  the 
irst  25  days  the  loss  in  weight  was  regularly  about  0.1  mg. 
ier  day.  Between  the  fifty-second  and  fifty-third  days  the 
oss  amounted  to  1.6  mg.  It  appears,  therefore,  that  the  rate 
if  loss  of  water,  though  very  small  at  first,  increases  with  time, 
t  seems  probable  from  these  results  that  leaving  borax  for 
is  long  as  a  week  or  10  days  would  be  safe  in  ordinary  work, 
ixcept  under  very  unusual  conditions  of  temperature  and 
mmidity. 

The  stability  of  borax  in  the  presence  of  saturated  salt  and 
ugar  solution  was  also  tested.  Menzel  (5)  found  that  the 
naximum  variation  in  weight  of  a  sample  of  borax  kept  for 
2  months  in  a  vacuum  desiccator  over  this  solution  amounted 
o  only  —0.02  per  cent.  To  test  the  efficacy  of  this  solution 
n  the  drying  of  borax,  3.5  grams  of  damp  borax  crystals  were 
pread  out  on  a  watch  glass  and  placed  in  a  desiccator  over 
his  solution.  After  3  days  the  crystals  appeared  to  be  quite 
Iry.  The  loss  in  weight  on  the  fourth  day  amounted  to  only 
•1  mg.,  and  after  52  days  to  0.9  mg.  (0.026  per  cent).  An¬ 
ther  3.5-gram  sample  of  borax  which  had  been  dried  with 
lcohol  and  ether  also  showed  a  loss  of  0.026  per  cent  in  weight 
n  standing  over  sugar-salt  solution  for  55  days.  It  appears 
rom  these  measurements  that  the  desiccant  proposed  by 
■lenzel  is  satisfactory,  and  that  borax  may  be  safely  stored 
ver  sugar-salt  solution  for  an  indefinite  length  of  time. 

A  further  study  of  the  stability  of  borax  is  now  in  progress. 

Purity  of  Borax  Dried  with  Alcohol  and  Ether 

To  ascertain  whether  the  alcohol-ether  method  of  drying 
ields  pure  decahydrated  borax,  samples  purified  and  dried 
y  this  method  were  compared  with  another  sample  dried 
y  Menzel’s  method  and  also  with  pure  sodium  carbonate, 


by  means  of  hydrochloric  acid.  The  borax  dried  with  alcohol 
and  ether  was  allowed  to  stand  overnight  before  it  was  used. 
That  dried  over  saturated  sugar  and  salt  was  allowed  to 
remain  in  the  desiccator  for  a  week.  The  pure  sodium  carbon¬ 
ate  used  for  the  comparison  was  prepared  from  c.  p.  sodium 
bicarbonate  by  the  method  of  Reinitzer  (7),  and  was  dried 
to  constant  weight  by  heating  at  270°  to  300°  C. 

Standard  solutions  (0.05  M)  of  the  borax  samples  and  of 
sodium  carbonate  were  prepared  and  25-ml.  portions  of  the 
solutions  titrated  with  approximately  0.1  M  hydrochloric  acid. 
All  the  instruments  used  in  the  preparation  of  the  standard 
solutions  and  in  the  titrations  were  calibrated  to  give  an 
accuracy  of  0.1  per  cent  or  better. 

In  the  borax  titrations  methyl  red  was  used  as  the  indicator, 
and  the  end  point  was  matched  with  a  color  standard  pre¬ 
pared  by  adding  5  drops  of  methyl  red  to  70  ml.  of  a  solution 
containing  1.0  gram  of  sodium  chloride  and  2.2  grams  of 
boric  acid  in  500  ml.  of  water.  This  solution  represents 
approximately  the  stoichiometrical  point  of  the  titration  of 
25  ml.  of  0.05  M  borax  with  0.1  M  hydrochloric  acid,  assum¬ 
ing  20  ml.  of  wash  water  to  be  used  in  the  titration.  This  color 
standard  must  be  boiled  to  remove  carbon  dioxide  which  may 
be  dissolved  in  the  water.  If  properly  prepared  it  has  a  straw 
color,  different  from  the  pure  yellow  of  methyl  red  in  alkaline 
solution,  but  not  yet  pink.  By  the  use  of  the  color  standard 
the  borax  titration  may  be  performed  without  titration  error 
(2),  for  the  stoichiometrical  point  of  the  titration  comes  within 
the  range  of  color  change  of  methyl  red.  However,  the  use  of 
a  color  standard  in  routine  work  with  borax  is  practically 
superfluous,  since  the  color  change  of  methyl  red  occurs  so 
rapidly  and  is  so  distinct  that  the  first  change  from  pure  yellow 
may  be  taken  as  the  end  point  without  making  any  serious 
error. 

The  sodium  carbonate  titrations  were  performed  at  the 
boiling  point,  using  methyl  red.  Under  these  conditions  the 
titration  error  amounts  to  less  than  0.01  ml.  of  0.1  M  acid, 
which  is  beyond  the  limit  of  error  of  the  buret  readings. 
Methyl  red  was  chosen  in  preference  to  methyl  orange  for 
the  carbonate  titration  because  the  indistinctness  of  the 
methyl  orange  end  point  renders  the  measurements  uncertain. 

The  molarity  of  the  0.1  M  hydrochloric  acid  was  calculated 
from  titrations  against  three  samples  of  borax,  two  of  which 
were  dried  with  alcohol  and  ether  and  one  over  sugar-salt 
solution,  and  from  one  sample  of  sodium  carbonate.  All 
four  titrations  gave  the  same  molarity  for  the  acid  (0.1024  M). 
This  concordance  indicates  that  the  alcohol-ether  method  of 
drying  borax  is  entirely  satisfactory.  In  view  of  the  ease  with 
which  the  method  may  be  carried  out,  the  only  disadvantage 
which  has  hitherto  prevented  the  extensive  use  of  borax — 
namely,  the  difficulty  of  obtaining  the  dry  salt — appears  to 
be  now  obviated. 
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bubbles  comes  from  the  tip  of 
the  ebullition  stick,  B.  In  order 
to  determine  the  boiling  point, 
experience  has  shown  that  a 
correction  of  a  few  degrees  must 
be  subtracted  from  the  tempera¬ 
ture  of  the  oil  bath  at  this  point. 
The  boiling  point  is  of  the  same 
order  of  accuracy  as  the  boiling 
point  taken  by  the  Siwoloboff 
micromethod  ( 1 )  for  taking 
boiling  points.  An  indication 
of  the  boiling  point  can  be  ob¬ 
tained  only  when  the  liquid  is  a 
pure  compound,  since  the  tem¬ 
perature  recorded  gives  the  boil¬ 
ing  point  of  the  liquid  and  not 
that  of  the  distillate.  When 
fractionation  is  necessary,  each 
fraction  is  redistilled  and  the  true 
boiling  point  thus  approached 
The  liquid  to  be  distilled  is 
placed  in  the  bulb,  *4,  by  means 
of  a  capillary  pipet  and  the 
ebullition  stick,  B,  is  then  re¬ 
placed.  B  fits  the  capillary  of  the 
apparatus  rather  snugly  and 
allows  passage  of  the  vapors  of 
the  liquid  to  the  condenser,  C, 
essentially  only  at  the  boiling  point  of  the  liquid.  Herein  lies 
the  advantage  of  the  apparatus  described,  since,  without  the 
capillary,  vapors  would  pass  from  the  liquid  to  the  condenser 
at  a  temperature  considerably  below  the  boiling  point  because 
of  evaporation  and  rapid  diffusion  to  the  condenser  through 
the  larger  opening.  The  conditions  presented  by  distillation 


from  the  customary  flasks  used  for  macrodistillation  are  thus 
more  nearly  reached  by  use  of  the  capillary  constriction  which 
is  nearly  filled  by  the  ebullition  stick,  B. 

As  many  fractions  as  desired  can  be  taken  during  each  dis¬ 
tillation.  Each  fraction,  however,  corresponds  to  only  a  flash 
distillation,  as  there  is  no  fractionation  from  reflux.  A  com¬ 
plete  distillation  can  be  done  very  quickly  and  is  practically 
quantitative,  as  only  the  condenser  is  below  the  temperature  of 
the  boiling  point  of  the  liquid  and  there  is  no  loss  due  to  a 
large  condenser  surface.  Accordingly,  the  process  may  be 
repeated  several  times  and  thus  arrive  at  a  fractionation  in 
the  truest  sense  of  the  word.  Distillations  under  reduced 
pressure  can  be  made  equally  well  by  evacuating  the  flask 
at  the  opening,  E,  although  one  of  the  usual  means  of  avoiding 
fluctuations  of  the  pressure  is  necessary  since  the  distillation 
must  take  place  without  bumping.  Thus,  the  apparatus  is 
adaptable  for  distillation  of  a  wide  range  of  substances  at 
temperatures  and  pressures  at  which  any  distillation  can  be 
accomplished  on  the  customary  macroscale. 

When  the  volume  of  the  distillate  is  more  than  0.2  cc.,  an 
apparatus  of  the  type  shown  in  Figure  2  has  been  found  to  be 
useful.  This  operates  in  principle  like  the  previous  apparatus, 
with  the  exception  that  provision  has  been  made  for  the 
collection  of  the  larger  volume  of  distillate  by  modification 
of  the  condenser. 

A  capillary  tube  is  fitted  to  the  top  of  the  condenser  at  e  with  a 
small  ground-glass  joint  and  leads  to  a  mercury  leveling  bulb,  the 
purpose  of  which  is  to  change  the  pressure  in  the  collection 
chamber,  a,  so  that  it  can  be  made  less  than  that  in  b.  By  proper 
adjustment,  the  droplet  of  distillate  as  it  collects  at  c  will  be 
forced  up  through  the  capillary,  d,  and  into  a,  where  it  can  be 
obtained  with  a  capillary  pipet  after  the  distillation  is  finished. 
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Borax  as  an  Acidimetric  Standard 

FRANK  H.  HURLEY,  JR.,  Department  of  Chemistry,  Riee  Institute,  Houston,  Texas 


THE  use  of  borax,  NajBiOjTOHoO,  as  a  primary  standard 
in  acidimetry  was  suggested  many  years  ago  (8). 
Experimental  work  tending  to  confirm  its  suitability  for  this 
purpose  has  appeared  from  time  to  time  (1,  4,  6),  but  it  has 
never  been  as  generally  used  as  its  many  advantages  would 
seem  to  warrant.  Kolthoff  (I),  in  comparing  the  relative 
merits  of  several  substances  as  acidimetric  standards,  states 
that  “the  substance  most  to  be  recommended  as  a  standard 
is  borax.”  Lindfors  (8)  recommends  it  highly  for  routine 
commercial  work.  The  most  probable  reason  for  the  failure 
of  borax  to  come  into  common  use  is  that  it  is  a  hydrated 
compound,  and  such  compounds  are  not  usually  suitable  for 
use  as  standards  because  of  the  difficulty  of  drying  them  under 
conditions  such  that  none  of  the  water  of  hydration  is  lost. 

The  methods  which  have  hitherto  been  proposed  for  drying 
borax  are  not  entirely  satisfactory.  The  process  of  simple 
air-drying  of  recrystallized  borax  recommended  by  Lindfors 
(3)  is  not  very  safe,  because  the  solution  which  remains  on  the 
surface  of  the  crystals  is  alkaline  enough  to  absorb  carbon 
dioxide  from  the  air  with  the  formation  of  sodium  carbonate  or 
bicarbonate  as  an  impurity  ( 2 ).  The  technic  of  drying  borax 
over  moist  sodium  bromide,  which  is  recommended  by 
Kolthoff  {2),  is  open  to  two  practical  objections — namely, 


that  sodium  bromide  is  relatively  expensive,  and  that  the 
drying  process  requires  considerable  time.  Moreover,  the 
suitability  of  this  desiccant  has  recently  been  questioned  by 
Menzel  (5)  on  theoretical  grounds.  Menzel  proposes  in  place 
of  sodium  bromide  a  solution  saturated  with  respect  to  both 
sugar  and  salt  (sucrose  and  sodium  chloride),  since  this  solu¬ 
tion  was  found  to  have  the  proper  vapor  pressure  for  maintain¬ 
ing  borax  in  the  decahydrated  state  over  a  wide  range  of 
temperature.  This  last  desiccant,  while  it  is  apparently  free 
from  all  theoretical  criticism,  is  nevertheless  objectionable  be¬ 
cause  of  its  slow  action.  Unless  an  easy,  rapid,  and  exact 
method  for  drying  borax  is  available,  its  usefulness  as  a  stand¬ 
ard  substance  is  obviously  limited.  In  the  present  paper  a 
very  easy  method  of  drying  with  alcohol  and  ether  is  described, 
and  the  purity  of  borax  dried  in  this  way  is  tested  by  com¬ 
parison  with  borax  dried  by  Menzel’s  method  and  also  with 
pure  sodium  carbonate. 

Purification  and  Drying  of  Borax 

Pure  borax  was  prepared  by  the  recrystallization  of  the 
c.  p.  material,  using  quantities  of  borax  and  water  (50  ml. 
of  water  to  every  15  grams  of  borax)  such  that  no  crystalliza¬ 
tion  could  occur  above  55°  C.,  thus  eliminating  the  possi- 
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bility  of  the  formation  of  the  pentahydrate  of  sodium  tetra¬ 
borate  (transition  temperature,  decahydrate  penta¬ 
hydrate,  61  °  C.).  The  borax  crystals  were  freed  from  mother 
liquor  by  suction,  then  washed  twice  with  water. 

The  first  method  of  drying  consisted  in  washing  the  damp 
crystals  with  two  portions  of  95  per  cent  ethyl  alcohol,  followed  by 
two  portions  of  ethyl  ether,  each  washing  being  followed  by  suction 
to  remove  the  wash  liquid.  The  portions  of  alcohol  and  ether 
used  were  about  5  ml.  for  10  grams  of  the  borax  crystals.  This 
drying  treatment  has  been  applied  with  success  in  analytical  work 
to  magnesium  ammonium  phosphate  hexahydrate.  Following 
the  treatment  with  alcohol  and  ether,  the  borax  was  spread  out 
in  a  thin  layer  on  a  watch  glass  and  allowed  to  stand  at  room 
temperature  to  permit  the  evaporation  of  the  ether. 

The  second  method  of  drying  consisted  in  spreading  the  damp 
crystals  on  a  watch  glass  and  placing  it  in  a  desiccator  over  a 
solution  saturated  with  respect  to  both  sugar  and  salt,  the  desic¬ 
cant  recommended  by  Menzel. 

Stability  of  Borax 

Before  proceeding  to  analytical  tests  of  the  purity  of  borax 
prepared  and  dried  by  the  methods  described,  it  was  desired 
to  gain  some  information  about  the  stability  of  the  substance 
in  air  at  room  temperature,  and  in  the  presence  of  saturated 
sugar  and  salt  solution.  One  of  the  principal  advantages  in 
the  use  of  borax  is  that  it  may  be  weighed  directly  in  air, 
since  it  is  not  hygroscopic.  It  has  long  been  known,  however, 
that  borax  loses  its  water  of  crystallization  very  slowly  when 
kept  in  air  at  room  temperature.  In  order  to  determine  the 
rate  at  which  this  loss  occurs,  a  3-gram  sample  of  borax, 
dried  with  alcohol  and  ether  and  allowed  to  stand  overnight 
to  permit  the  evaporation  of  the  ether,  was  placed  in  a  crucible 
and  allowed  to  remain  for  a  long  period  of  time  in  contact  with 
air  at  room  temperature  (24°  to  33°  C.).  From  time  to  time 
the  crucible  was  weighed  and  the  loss  in  weight  noted.  The 
loss  of  weight  at  the  end  of  several  periods  of  exposure  was 
as  follows:  5  days,  0.027  per  cent;  17  days,  0.050  per  cent; 
25  days,  0.076  per  cent;  52  days,  1.04  per  cent.  During  the 
first  25  days  the  loss  in  weight  was  regularly  about  0.1  mg. 
per  day.  Between  the  fifty-second  and  fifty-third  days  the 
loss  amounted  to  1.6  mg.  It  appears,  therefore,  that  the  rate 
of  loss  of  water,  though  very  small  at  first,  increases  with  time. 
It  seems  probable  from  these  results  that  leaving  borax  for 
as  long  as  a  week  or  10  days  would  be  safe  in  ordinary  work, 
except  under  very  unusual  conditions  of  temperature  and 
humidity. 

The  stability  of  borax  in  the  presence  of  saturated  salt  and 
sugar  solution  was  also  tested.  Menzel  (5)  found  that  the 
maximum  variation  in  weight  of  a  sample  of  borax  kept  for 
12  months  in  a  vacuum  desiccator  over  this  solution  amounted 
to  only  —0.02  per  cent.  To  test  the  efficacy  of  this  solution 
in  the  drying  of  borax,  3.5  grams  of  damp  borax  crystals  were 
spread  out  on  a  watch  glass  and  placed  in  a  desiccator  over 
this  solution.  After  3  days  the  crystals  appeared  to  be  quite 
dry.  The  loss  in  weight  on  the  fourth  day  amounted  to  only 
0.1  mg.,  and  after  52  days  to  0.9  mg.  (0.026  per  cent).  An¬ 
other  3.5-gram  sample  of  borax  which  had  been  dried  with 
alcohol  and  ether  also  showed  a  loss  of  0.026  per  cent  in  weight 
on  standing  over  sugar-salt  solution  for  55  days.  It  appears 
from  these  measurements  that  the  desiccant  proposed  by 
Menzel  is  satisfactory,  and  that  borax  may  be  safely  stored 
over  sugar-salt  solution  for  an  indefinite  length  of  time. 

A  further  study  of  the  stability  of  borax  is  now  in  progress. 

Purity  of  Borax  Dried  with  Alcohol  and  Ether 

To  ascertain  whether  the  alcohol-ether  method  of  drying 
yields  pure  decahydrated  borax,  samples  purified  and  dried 
by  this  method  were  compared  with  another  sample  dried 
by  Menzel’s  method  and  also  with  pure  sodium  carbonate, 


by  means  of  hydrochloric  acid.  The  borax  dried  with  alcohol 
and  ether  was  allowed  to  stand  overnight  before  it  was  used. 
That  dried  over  saturated  sugar  and  salt  was  allowed  to 
remain  in  the  desiccator  for  a  week.  The  pure  sodium  carbon¬ 
ate  used  for  the  comparison  was  prepared  from  c.  p.  sodium 
bicarbonate  by  the  method  of  Reinitzer  (7),  and  was  dried 
to  constant  weight  by  heating  at  270°  to  300°  C. 

Standard  solutions  (0.05  M)  of  the  borax  samples  and  of 
sodium  carbonate  were  prepared  and  25-ml.  portions  of  the 
solutions  titrated  with  approximately  0.1  M  hydrochloric  acid. 
All  the  instruments  used  in  the  preparation  of  the  standard 
solutions  and  in  the  titrations  were  calibrated  to  give  an 
accuracy  of  0.1  per  cent  or  better. 

In  the  borax  titrations  methyl  red  was  used  as  the  indicator, 
and  the  end  point  was  matched  with  a  color  standard  pre¬ 
pared  by  adding  5  drops  of  methyl  red  to  70  ml.  of  a  solution 
containing  1.0  gram  of  sodium  chloride  and  2.2  grams  of 
boric  acid  in  500  ml.  of  water.  This  solution  represents 
approximately  the  stoichiometrical  point  of  the  titration  of 
25  ml.  of  0.05  M  borax  with  0.1  M  hydrochloric  acid,  assum¬ 
ing  20  ml.  of  wash  water  to  be  used  in  the  titration.  This  color 
standard  must  be  boiled  to  remove  carbon  dioxide  which  may 
be  dissolved  in  the  water.  If  properly  prepared  it  has  a  straw 
color,  different  from  the  pure  yellow  of  methyl  red  in  alkaline 
solution,  but  not  yet  pink.  By  the  use  of  the  color  standard 
the  borax  titration  may  be  performed  without  titration  error 
(2),  for  the  stoichiometrical  point  of  the  titration  comes  within 
the  range  of  color  change  of  methyl  red.  However,  the  use  of 
a  color  standard  in  routine  work  with  borax  is  practically 
superfluous,  since  the  color  change  of  methyl  red  occurs  so 
rapidly  and  is  so  distinct  that  the  first  change  from  pure  yellow 
may  be  taken  as  the  end  point  without  making  any  serious 
error. 

The  sodium  carbonate  titrations  were  performed  at  the 
boiling  point,  using  methyl  red.  Under  these  conditions  the 
titration  error  amounts  to  less  than  0.01  ml.  of  0.1  M  acid, 
which  is  beyond  the  limit  of  error  of  the  buret  readings. 
Methyl  red  was  chosen  in  preference  to  methyl  orange  for 
the  carbonate  titration  because  the  indistinctness  of  the 
methyl  orange  end  point  renders  the  measurements  uncertain. 

The  molarity  of  the  0.1  M  hydrochloric  acid  was  calculated 
from  titrations  against  three  samples  of  borax,  two  of  which 
were  dried  with  alcohol  and  ether  and  one  over  sugar-salt 
solution,  and  from  one  sample  of  sodium  carbonate.  All 
four  titrations  gave  the  same  molarity  for  the  acid  (0.1024  M). 
This  concordance  indicates  that  the  alcohol-ether  method  of 
drying  borax  is  entirely  satisfactory.  In  view  of  the  ease  with 
which  the  method  may  be  carried  out,  the  only  disadvantage 
which  has  hitherto  prevented  the  extensive  use  of  borax— 
namely,  the  difficulty  of  obtaining  the  dry  salt — appears  to 
be  now  obviated. 
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Loss  of  Pyrethrins  during  Analysis  of  Mineral 
Oil— Pyrethrum  Extracts  by  the  Seil  Method 

J.  J.  T.  GRAHAM 

Food  and  Drug  Administration,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 


MINERAL  oil-pyrethrum  sprays  for  household  use  are 
ordinarily  perfumed  to  cover  the  objectionable  mineral 
oil  odor.  The  perfumes  used  usually  contain  esters  or  other 
compounds  which  interfere  with  the  determination  of  the  ac¬ 
tive  principles,  pyrethrin  I  and  pyrethrin  II,  by  methods 
based  on  the  titration  of  their  mono-  and  dicarboxylic  acids. 
Seil  (2)  and  Ripert  (I)  suggest  steam  distillation  of  such  prod¬ 
ucts  to  remove  the  perfume  before  proceeding  with  the  analy¬ 
sis.  Preliminary  tests  having  indicated  that  there  was  a 
loss  of  pyrethrins  in  the  analysis  of  these  commercial  extracts 
following  Seil's  procedure,  a  more  complete  study  of  the 
method  was  made. 

Three  preparations  of  the  mineral  oil-soluble  portions  of  py- 
rethrum  were  prepared  by  extracting  750-gram  portions  of 
powdered  pyrethrum  in  a  large  extractor  with  petroleum  ether 
(boiling  range  35°  to  40°  C.) ;  the  petroleum  ether  was  evaporated 
by  immersing  the  flask  in  a  water  bath,  the  temperature  of  which 
was  maintained  between  50°  and  55°  C.,  and  the  residue  was  then 
treated  successively  with  200-cc.  portions  of  the  oil  solvent,  fil¬ 
tered,  and  made  to  6  liters  with  mineral  oil.  In  the  preparation 
of  sample  A  a  commercial  purified  white  mineral  oil  of  the  type 
used  as  a  base  for  commercial  household  fly  sprays  was  used  as  a 
vehicle,  and  for  samples  B  and  C  kerosene  highly  purified  in  the 
laboratory  was  used.  (The  purified  kerosene  used  had  a  dis¬ 
tillation  range  from  165°  to  300°  C.  with  84  per  cent  distilling 
between  175°  and  250°,  while  the  fly  spray  oil  base  had  a  distilla¬ 
tion  range  from  200°  to  250°  C.)  No  perfume  or  other  interfer¬ 
ing  substances  were  added.  These  prepared  samples  were  stored 
in  brown  glass  bottles  in  a  dark  cupboard  from  which  they  were 
removed  only  during  the  actual  time  of  sampling. 

These  preparations  w'ere  analyzed  by  the  Seil  method,  sub¬ 
jecting  them  to  steam  distillation  just  as  though  perfume  were 
present.  Since  the  volume  of  distillate  necessary  to  remove 
all  the  perfume  from  commercial  samples  varies  within 
rather  wide  limits,  four  100-cc.  aliquots  of  each  sample 
were  distilled  and  distillates  of  250,  500,  1000,  and  1500  cc., 
respectively,  were  collected,  in  order  to  simulate  conditions 
met  in  the  analysis  of  commercial  samples.  Pyrethrins  were 
determined  in  the  distillate  as  well  as  in  the  residue  remaining 
in  the  distillation  flask.  As  a  means  of  comparison  pyreth¬ 
rins  were  also  determined  in  the  original  samples  without 
steam  distillation. 

In  making  the  analyses  the  procedure  outlined  by  Seil  was 
followed  as  closely  as  possible.  However,  because  of  the  for¬ 


mation  of  emulsions  during  the  steam  distillation  and  also 
during  the  boiling  off  of  the  alcohol  after  the  saponification,  it 
was  necessary  to  introduce  slight  modifications.  The  emul¬ 
sion  formed  in  the  flask  during  the  steam  distillation  was 
broken  by  adding  a  small  quantity  of  saturated  sodium  sul¬ 
fate  solution  and  25  to  50  cc.  of  petroleum  ether.  The  emul¬ 
sion  formed  during  the  boiling  of  the  alkaline  solution  after 
saponification  was  more  difficult  to  break,  but  separation 
usually  was  possible  after  adding  a  little  petroleum  ether  and 
a  few  cubic  centimeters  of  a  20  per  cent  sodium  hydroxide 
solution. 

After  titrating  for  pyrethrin  I  in  the  portions  of  the  dis¬ 
tilled  oil,  the  qualitative  color  test  described  by  Seil  (2)  was 
also  applied.  In  each  case  the  test  was  positive,  showing  that 
the  chrysanthemum  monocarboxylic  acid  was  definitely 
present. 

The  analytical  results  are  given  in  Tables  I  and  II.  The 
results  in  Table  I  show  that  there  is  a  progressive  loss  in  the 
pyrethrin  content  of  the  sample  during  the  steam  distillation. 

Table  II.  Pyrethrins  Determined  in  Pyrethrum  Extracts 
without  Steam  Distillation 


Sample 

Pyrethrin  I 
Mg./ 100  cc. 

Pyrethrin  II 
Mg./ 100  cc. 

Total 

Mg./ 100  cc. 

A 

31.7 

45.2 

76.9 

B 

36.4 

47.5 

83.9 

C 

24.6 

52.0 

76.6 

In  two  cases  the  method  of  distillation  was  modified  with 
the  idea  of  holding  a  larger  proportion  of  oil  in  the  distillation 
flask.  In  the  first  case  100  cc.  of  the  fly  spray  oil  base  were 
added  to  the  aliquot  to  be  distilled  and  in  the  second  case  50 
cc.  of  a  highly  purified  mineral  oil  having  a  distillation  range 
of  from  300°  to  400°  C.  were  added  before  distillation.  In 
each  case  there  was  a  slight  increase  in  the  pyrethrins  re¬ 
covered  but  the  loss  was  still  considerable.  This  loss  is  only 
partially  due  to  volatilization  of  the  pyrethrins  with  the 
steam.  A  large  part  is  due  to  decomposition  or  other  chemi¬ 
cal  change,  as  is  shown  by  the  fact  that  the  sum  of  the  pyreth¬ 
rins  determined  in  the  distillate  and  in  the  residue  is  con¬ 
siderably  below  the  value  obtained  by  direct  saponification 
of  the  sample. 

Summary 


Table  I.  Pyrethrins  Determined  in  Pyrethrum  Extracts  after  Steam 

Distillation 


Sample 

Volume  of 
Distillate 

W  ater  Oil 

Pyrethrins  in  Distillate 
Pyreth-  Pyreth¬ 
rin  I  rin  II  Total 

Pyrethrins  in  Residue 
Pyreth-  Pyreth¬ 
rin  I  rin  II  Total 

Total 

Pyrethrins 

Cc. 

Cc. 

Mg./ 
100  cc. 

Mg./ 
100  cc. 

Mg./ 
100  cc. 

Mg./ 
100  cc. 

Mg./ 
100  cc. 

Mg./ 
100  cc. 

Mg./ 

100  cc. 

A 

250 

4.1 

3.4 

7.5 

24.0 

34.6 

58.6 

66.1 

500 

90 

6.4 

3.6 

10.0 

24.0 

31.3 

55.3 

65.3 

1000 

90 

5.0 

4.9 

9.9 

22.4 

33.1 

55.5 

65.4 

1500 

95 

6.4 

3.3 

9.7 

19.6 

29.4 

48.9 

58.6 

500° 

105 

Not  determined 

25.6 

33.3 

58.9 

•  • 

B 

250 

50 

3.5 

2.4 

6.9 

27.6 

37.9 

65.5 

71.4 

500 

75 

4.3 

3.2 

7.6 

26.7 

35.4 

62.1 

69.6 

1000 

80 

4.3 

2.2 

6.5 

25.4 

31.5 

56.9 

63.4 

1500 

90 

4.3 

2.6 

6.9 

23.7 

32.2 

55.9 

62.8 

1000t 

70 

3.3 

2.0 

5.3 

26.9 

34.0 

60.9 

66.2 

C 

250 

50 

5.6 

2.0 

7.6 

12.6 

34.0 

46.6 

54.2 

500 

70 

5.8 

2.2 

8.0 

10.5 

35.7 

46.2 

64.2 

1000 

90 

7.3 

3.1 

10.4 

10.9 

33.0 

43.9 

54.3 

1500 

95 

6.6 

2.9 

9.5 

9.9 

30.8 

40.7 

50.2 

A  study  of  the  Seil  method  for  the  de¬ 
termination  of  pyrethrins  in  mineral  oil 
extracts  of  pyrethrum  shows  that  there 
is  a  loss  of  pyrethrins  during  the  steam 
distillation  for  the  removal  of  perfume. 
The  loss  is  due  to  volatilization  with 
steam  and  to  decomposition  or  other 
chemical  change.  In  the  case  of  the 
materials  here  reported  the  loss  approxi¬ 
mated  25  per  cent  of  the  pyrethrins. 
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a  Distillation  made  after  addition  of  100  cc.  of  a  commercial  fly  spray  oil  base. 
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A  One-Piece  Glass  Micro-Kjeldahl  Distillation 

Apparatus 

PAUL  L.  KIRK,  University  of  California  Medical  School,  Berkeley,  Calif. 


DESPITE  the  popularity  and  increasing  use  of  the  micro- 
Kjeldahl  method  for  nitrogen  determination,  there  have 
been  few  fundamental  improvements  of  the  distillation  ap¬ 
paratus  originated  by  Parnas  and  Wagner  (3).  Their  design 
has  a  number  of  inherent  drawbacks  which  are  generally 
recognized.  Schulek  and  Vastagh  (4)  criticize  the  use  of 
rubber  connections.  In  some  cases  these  have  been  replaced  by 
glass  joints,  but  this  increased  the  fragility  of  the  apparatus 
and  rendered  it  difficult  to  assemble.  Neither  did  it  improve 
the  design  with  regard  to  the  number  of  pieces  to  be  mounted 
and  table  space  occupied.  Hoppe-Seyler  ( 1 )  has  eliminated 
a  portion  of  the  clumsiness  of  the  apparatus,  but  has  also 
increased  fragility  without  a  large  gain  in  compactness. 

Since  it  has  been  found  in  this  laboratory  and  elsewhere  (2) 
that  condensers  of  Pyrex  brand  glass  gave  results  identical  to 
those  of  silver,  a  completely  new  Kjeldahl  distillation  ap¬ 
paratus  was  designed.  (It  was  constructed  through  the 
Cooperation  of  C.  M.  Flanders,  Box  232,  Berkeley,  Calif., 
tvho  can  now  supply  this  apparatus  in  quantity.) 

Tests  of  this  apparatus  showed  it  to  have  a  number  of 
points  of  superiority  over  the  usual  type  of  equipment.  All 
rubber  connections  were  eliminated  from  the  distillation  train ; 
ianger  of  breakage  was  reduced  by  the  strong,  compact 
construction;  multiple  outfits  were  easily  built  up,  because 
if  the  upright  shape  and  small  size;  considerably  less  at- 
;ention  during  the  course  of  distillation  was  necessary; 
)nly  one  burner  was  used  to  operate  the  apparatus  and  one 
damp  to  hold  it  in  place;  very  little  condensation  of  steam 
iccurred  in  the  flask;  and  no  diminution  in  volume  took  place 
luring  distillation. 

With  a  single  distillation 
outfit,  the  time  required 
or  an  analysis  was  not 
ihortened;  but,  owing  to 
he  very  slight  attention  re¬ 
quired  during  distillation, 
me  operator  could  con¬ 
veniently  operate  a  small 
rnttery  and  save  time  in 
his  way.  Only  one  pre- 
iaution  was  found  neces¬ 
sary,  i.  e.,  prevention  of 
ucking  back  of  the  sample. 

This  was  readily  accom- 
ilished  by  the  procedure 
lescribed  below. 

Experimental 

The  apparatus,  shown  in 
figure  1,  consists  of  a  dis- 
illation  flask,  the  bulb  of 
>'hich  contains  25  to  35  ml., 
aclosed  in  a  glass  jacket 
.7hich  serves  as  a  steam  gen- 
rator.  A  tube  sealed  inside 
he  flask  and  opening  into 
he  generator  leads  steam 
hrough  the  solution  being 
istilled.  The  arm  of  a  Y 
1  this  tube  is  sealed  through 
he  wall  above  the  generator 
p  the  filling  funnel.  Above 


the  flask  is  a  trap  and  head  leading  to  a  small  glass  internal 
condenser  which  drains  through  a  vertical  delivery  tube  into  the 
receiver.  An  overflow  and  by-pass  carry  the  condenser  water 
either  to  the  drain  or  to  the  steam  generator,  which  is  equipped 
with  an  auxiliary  drain  tube.  The  total  height  of  the  apparatus 
is  35  cm.  (14  inches).  The  steam  generator  jacket  is  42  mm.  in 
diameter  and  16  cm.  in  height,  the  bulb  being  60  mm.  in  diameter. 
The  internal  effective  portion  of  the  condenser  is  18  mm.  in  di¬ 
ameter  and  55  mm.  in  length. 


Table  I.  Analysis  of  Nitrogen-Containing  Solutions 


• - Sample  — 

Nitrogen 

Substance 

Nitrogen 

Found 

Error 

Mg. 

Mg. 

% 

(NHUzSO, 

0.210 

0.2096 

-0.2 

0.2082 

-0.8 

0 . 2082 

-0.8 

0.2096 

-0.2 

(NH4)2SO, 

0.418 

0.420 

+0.5 

0.417 

-0.2 

0.420 

+0.5 

0.420 

+0.5 

Urea 

0.792 

0.783 

-1.1 

0.787 

-0.6 

0.786 

-0.7 

0.785 

-0.8 

p-Amino 

0  388 

0.387 

-0.3 

benzoic  acid 

0.388 

0000 

0.387 

-0.3 

0.388 

0000 

p-Amino 

0.762 

0.758 

-0.5 

benzoic  acid 

0.761 

-0.1 

0.762 

0000 

Around  the  steam  generator  may  be  wrapped  an  insulating 
asbestos  jacket  (not  shown)  to  prevent  sudden  cooling  from 
draughts.  A  few  boiling  chips  of  porcelain  or  silicon  car¬ 
bide  are  used  in  the  generator  to  prevent  irregular  boiling. 
Silicon  carbide  chips  are  superior  to  those  of  porcelain.  It  was 
found  desirable  to  use  a  moderate  flame  for  the  initial  heating  and 
a  strong  flame  as  soon  as  boiling  started.  Only  at  this  point  was 
there  any  tendency  to  suck  back.  As  soon  as  distillation  started, 
no  further  attention  was  necessary. 

The  apparatus  was  used  in  a  fashion  similar  to  the  usual 
micro-Kjeldahl  distillation.  The  digested  sample  was  rinsed 
in  through  the  filling  funnel,  followed  by  the  caustic,  with 
formation  of  two  layers  in  the  flask.  With  the  by-pass  and 
generator  drains  closed  with  pinchcocks,  the  water  in  the 
generator  was  heated  to  boiling  and  the  steam  distillation 
continued  for  5  minutes,  after  which  the  receiver  was  lowered 
and  rinsed  internally  by  heating  1  or  2  minutes  longer.  The 
outside  of  the  delivery  tube  was  rinsed  into  the  receiver.  On 
removing  the  flame,  the  condensation  of  steam  served  to  suck 
the  contents  of  the  flask  into  the  generator.  This  usually 
required  about  a  minute,  and  could  be  accomplished  in¬ 
stantaneously  by  opening  the  by-pass  pinchcock  momentarily, 
thus  admitting  a  trickle  of  cold  water.  The  flask  was  rinsed 
with  distilled  water  which  promptly  sucked  into  the  generator. 
The  generator  drain  was  opened,  followed  by  the  by-pass, 
thus  allowing  the  condenser  water  to  flush  out  the  generator, 
an  operation  requiring  only  a  short  time.  The  apparatus 
was  then  ready  for  the  next  sample,  which  could  be  introduced 
while  the  generator  was  still  being  flushed. 

Some  typical  analyses  are  shewn  in  Table  I.  Excellent 
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checks  were  readily  obtained,  though  the  absolute  accuracy  of 
the  method  is  not  notably  different  from  the  usual  micro- 
Kjeldahl,  since  no  fundamental  operations  are  altered. 
Modifications  tending  to  eliminate  inherent  errors  may  be 
made  as  easily  as  with  the  older  forms  of  equipment. 

This  work  was  aided  by  a  grant  from  the  Research  Board  of 
the  University  of  California. 
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Laboratory  Bubble-Cap  Columns  of  Glass 

JOHANNES  H.  BRUUN,  Sun  Oil  Company  Research  Laboratory,  Norwood,  Pa. 


This  paper  contains  a  description  of  two 
all-glass  bubble-cap  columns  of  a  greatly 
improved  design.  These  columns  are  ex¬ 
ceedingly  easy  to  operate  and  may  be  used 
for  vapor  velocities  up  to  31.3  and  65.5 
cm.  (1.0  and  2.2  feet)  per  second,  respec¬ 
tively.  Since  the  height  of  the  equivalent 
theoretical  plate  of  one  of  these  columns  is 
about  2  cm.,  it  is  now  feasible  to  build 
columns  with  separating  powers  equivalent 
to  between  100  and  150  theoretical  plates  in 
a  laboratory  of  average  height. 

IN  PREVIOUS  papers  (2,  8)  various  all-glass  bubble-cap 
columns  for  laboratory  use  have  been  described.  These 
columns  have  been  used  extensively  for  many  years  by  a 
variety  of  different  laboratories  and  have  been  found  excep¬ 
tionally  valuable,  particularly  for  distillations  of  mixtures 
containing  organic  compounds  that  tend  to  undergo  decompo¬ 
sition  or  chemical  changes  under  the  catalytic  influence  of 
metal  packings. 

Since  the  time  of  the  last  publication  it  has  become  appar¬ 
ent  to  the  writer  that  important  improvements  in  the  effi¬ 
ciency  of  these  columns  could  be  made  if  the  height  of  the 


Figure  1.  Redesigned  Bubble-Cap  Column, 
2-Cm.  Sections 

Slots  in  bubble  cap,  as  shown,  about  0.5  to  1  mm.  wide  and 
3  mm.  deep,  at  an  angle  of  30°  with  radius,  fire-polished. 
Material,  Pyrex  laboratory  glass.  All  dimensions  are  in 
millimeters.  Exact  dimensions  are  circled. 


Figure  2.  Redesigned  Bubble-Cap  Column, 

4-Cm.  Sections 

Slots  in  bubble  cap,  as  shown,  about  0.5  to  1  mm.  wide 
and  5  mm.  deep,  at  an  angle  of  30°  with  radius,  fire- 
polished.  Material,  Pyrex  laboratory  glass.  All  dimen¬ 
sions  are  in  millimeters.  Exact  dimensions  are  circled. 

individual  plate  sections  could  be  reduced  without  a  corre¬ 
sponding  sacrifice  in  vapor  velocity. 

Reconstruction  of  the  Bubble-Cap  Column 

A  series  of  short  (2-plate)  experimental  columns  having 
the  same  internal  diameter,  but  of  different  designs  and  di¬ 
mensions,  was  made  up  successively,  and  tested  with  respect 
to  vapor  velocity,  holdup,  plate  efficiency,  ease  of  operation, 
etc.  The  data  obtained  during  the  operation  of  these  ex¬ 
perimental  columns  have  led  to  a  complete  redesign  of  the 
glass  bubble-cap  column,  with  the  result  that  the  degree  of 
separation  (number  of  theoretical  plates  per  meter)  now  ob¬ 
tainable  by  columns  of  the  new  design  is  up  to  400  per  cent 
as  high  as  that  obtained  with  the  old  column  of  the  same 
height  and  diameter. 

Detail  drawings  of  the  redesigned  bubble-cap  columns  are 
given  in  Figures  1  and  2.  While  these  figures  represent 
columns  containing  only  three  plates  each  in  addition  to  the 
liquid  seal  customarily  used  between  the  still  pot  and  the 
column,  any  desired  number  of  plates  may  be  added  to  the 
columns.  Readers  who  are  not  familiar  with  the  working 
principles  of  these  columns  are  referred  to  the  earlier  paper 

(S). 
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Figure  3.  Variations  of  the  Height  of 
the  Equivalent  Theoretical  Plate 
with  Rate  of  Boiling 

Carbon  tetrachloride-benzene  mixture 

By  comparing  the  columns  shown  in  Figures  1  and  2  with 
that  of  the  same  internal  diameter  described  in  the  earlier 
publication  (S),  it  may  be  noted  that  the  following  major  im¬ 
provements  have  been  made: 

1.  The  “holdup”  of  liquid  per  section  has  been  reduced  to  a 
mere  fraction  of  its  former  value.  Thus  the  columns  shown  in 
Figures  1  and  2  have  holdups  of  0.7  and  1.4  ml.,  respectively, 
per  plate,  which  represent  only  about  16  and  32  per  cent,  re¬ 
spectively,  of  the  former  holdup  (4.4  ml.)  These  values  apply 
to  the  columns  while  in  normal  operation,  during  which  about 
50  to  60  per  cent  of  the  liquid  on  the  plate  is  displaced  by  vapor. 

2.  The  vertical  slots  in  the  bubble  caps  have  been  ground 
at  an  angle  of  about  30°  with  the  radii,  in  such  a  manner  that  the 
vapor  bubbles  will  be  forced  to  describe  a  circular  motion  around 
the  bubble  caps.  This  will  naturally  lead,  not  only  to  a  more  in¬ 
timate  contact  and  prolonged  rectification  between  the  ascend¬ 
ing  vapor  and  the  descending  reflux  liquid,  but  also  to  a  decided 
improvement  in  the  circulation  of  the  liquid  on  the  plates.  It  is 
ilso  believed  that  the  new  type  of  slots  will  have  a  tendency  to 
reduce  entrainment  at  higher  rates  of  distillation. 


Table  I.  Efficiency  Runs  Using  Mixtures  of  Car¬ 
bon  Tetrachloride  and  Benzene 
(Total  Reflux) 


Mole  per  cent 

Number 

Height 

Rate 

of  CC14 

of  Theo¬ 

Column  (25-Mm.  Inside 

of 

of 

Still 

Top  of 

retical 

H.E.- 

Diameter)  Column 

Boiling 

pot 

column 

Plates  —  1 

T.P. 

Cm. 

Ml. /min. 

Cm. 

-Plate  column  in  2-cm. 

5.1 

26.6 

44.6 

5.4 

1.9 

sections  (Figure  1) 

10 

9.8 

26.6 

42.9 

4.8 

2.1 

21.5 

26.6 

39.7 

3.7 

2.7 

-Plate  column  in  4-cm. 

4.5 

27  1 

42.4 

4.4 

4  5 

sections  (Figure  2) 

20 

10.3 

27.1 

41.6 

4.2 

4.8 

24.6 

26.9 

39  7 

3.7 

5.4 

-Plate  column  in  8-cm. 

4.8 

26.6 

45.6 

5.7 

7. 1 

sections,  old  column  (S) 

40 

20.7 

26.6 

•  43.1 

4.9 

8.2 

Table  II.  Efficiency  Test  Runs  Using  Mixtures  of 
r-Heptane  and  Toluene 
(Total  Reflux) 


Mole 

per  cent 

Number 

Height 

Rate 

of  C7H16 

of  Theo¬ 

Column  (25-Mm.  Inside 

of 

of 

Still 

Top  of 

retical 

H.E.- 

Diameter) 

Column 

Boiling 

pot 

column 

Plates  —  1 

T.P. 

Cm.  Ml. /min. 

Cm. 

5-Plate  column  in  2-cm. 

2.5 

9.9 

57 

4  9 

2  0 

sections  (Figure  1) 

10 

5.1 

9.9 

55.2 

4.7 

2 !  1 

10 

9.9 

52.5 

4.3 

2.3 

20 

9.9 

48.7 

3.8 

2.6 

5-Plate  column  in  4-cm. 

3.6 

9.9 

58 

5  1 

3.9 

sections  (Figure  2) 

20 

7.5 

9.9 

55 

4.7 

4.3 

11.7 

9.9 

53.2 

4.4 

4.5 

20.7 

9.9 

51.0 

4.2 

4.8 

31.2 

9.9 

49.8 

4.0 

5.0 

5-Plate  column  in  8-cm. 

7.3 

9.9 

57.5 

5  0 

8  0 

sections,  old  column  (3) 

40 

22.0 

9.9 

57.5 

5.0 

8 !  0 

29.3 

9.9 

54.5 

4  6 

8.7 

3.  Perhaps  the  most  important  improvement  is  the  elimina¬ 
tion  of  the  excessive  vapor  friction  exhibited  by  the  earlier 
bubble-cap  columns  through  an  unproportionally  high  liquid 
head  in  the  side  arms.  This  vapor  friction  constituted  a 
serious  drawback,  inasmuch  as  the  individual  plate  sections 
had  to  be  made  unnecessarily  high  (8  cm.)  if  the  columns 
were  to  be  used  for  ordinary  rates  of  distillation.  The  cause  of 
the  friction  was  found  to  be  inadequate  clearance  between  the 
“vapor  riser”  and  the  bubble  cap.  By  providing  a  clearance  of 
2.5  to  3  mm.  at  this  point,  the  author  has  found  that,  at  ordinary 
rates  of  boiling,  the  liquid  level  in  the  side  arms  rarely  rises 
above  the  value  corresponding  to  the  hydrostatic  head  of  the 
plate  above  (Figure  5). 

4.  The  hydrostatic  pressure  difference  between  two  suc¬ 
cessive  plates — that  is,  the  height  of  the  liquid  on  each  plate — has 
been  reduced  from  30  mm.  in  the  older  column  to  5  mm.  in  the 
column  described  in  Figure  1  and  to  10  mm.  in  the  column  shown 
in  Figure  2.  Because  of  the  more  intimate  contact  provided 
between  the  vapor  and  liquid  by  the  above-mentioned  angular 
slots,  this  reduction  has  been  accomplished  without  an  appreciable 
sacrifice  in  plate  efficiency. 

As  shown  in  Figures  1  and  2,  the  height  of  each  plate  sec¬ 
tion,  formerly  80  mm.,  has  been  decreased  to  20  and  40  mm., 
respectively.  This  accomplishment  obviously  reduces  the  height 
of  a  column  containing  a  certain  desired  number  of  actual  plates 
to  one-fourth  and  one-half,  respectively,  of  its  former  value. 

Efficiency  Data  on  the  New  Column 

In  order  to  obtain  strictly  comparable  data  on  the  relative 
efficiencies  of  the  reconstructed  and  the  older  type  bubble- 
cap  columns,  a  5-plate  column  was  made  of  each  of  the  three 
types  and  tested  under  identical  and  carefully  controlled  con¬ 
ditions.  Each  column  was  surrounded  by  means  of  an  elec¬ 
trically  heated  transite  jacket,  provided  with  glass  windows 
and  thermometers,  so  that  the  columns  could  be  operated 
without  heat  loss  during  the  test  runs.  For  each  efficiency 
run  a  charge  of  1500  ml.  of  the  test  mixture  was  used,  and  the 
column  was  allowed  to  operate  under  total  reflux  until  equi¬ 
librium  had  been  obtained.  The  rate  of  boiling  at  the  top 
of  the  column  was  calculated  by  the  usual  method  (4)  from 
the  amount  of  heat  absorbed  by  the  condenser  water.  A 
sample  was  taken  from  the  top  of  the  column  as  well  as  from 
the  still  pot,  and  from  the  analysis  (by  means  of  refractive 
index)  of  these  fractions  and  from  the  vapor-liquid  composi¬ 
tion  diagrams,  the  theoretical  number  of  plates  required  to 
effect  the  accomplished  separation  was  calculated  by  the 
method  of  McCabe  and  Thiele  (5).  By  dividing  the  actual 
height  of  the  column  used  by  the  number  of  theoretical  plates 
corresponding  to  the  degree  of  separation  effected,  the  height 
of  the  equivalent  theoretical  plate  (H.E.T.  P.)  was  derived. 
Account  was  taken  of  the  separation  accomplished  in  the 
still  pot  by  subtracting  one  plate  from  the  theoretical  number 
deduced  from  the  McCabe-Thiele  diagram.  The  results  of 
the  efficiency  runs  are  tabulated  in  Tables  I  and  II. 

Each  of  the  three  columns  was  carefully  tested  at  various 
rates  of  boiling  and  by  means  of  two  different  kinds  of  test 


Figure  4.  Variations  of  the  Height  of  the 
Equivalent  Theoretical  Plate  with  Rate 
of  Boiling 

7i-Heptane— toluene  mixture 
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mixtures,  notably,  carbon  tetrachloride-benzene  (difference 
in  boiling  points  =  4.1°  C.)  and  n-heptane-toluene  (differ¬ 
ence  in  boiling  points  =  12°  C.). 

The  vapor-liquid  composition  diagram  as  well  as  the  re¬ 
fractive  index  curve  for  the  carbon  tetrachloride-benzene 
system  was  calculated  from  the  data  published  by  Rosanoff 
and  Easley  ( 6 ),  while  the  corresponding  data  for  the  system 
heptane-toluene  were  taken  from  the  experimental  values 
(based  upon  density  measurements)  of  Bromiley  and  Quiggle 

a). 

In  Tables  I  and  II,  it  is  noted  that  while  the  heights  of  the 
three  columns  used  are  widely  different  and  vary  from  10  up 
to  40  cm.,  the  effected  separations  of  the  test  mixtures  are 
very  much  the  same.  As  a  result  of  the  reconstruction  of  the 
bubble-cap  column  the  height  of  the  equivalent  theoretical 
plate  has  been  reduced  from  about  8  cm.,  in  the  case  of 
the  older  column,  to  about  2  cm.  for  the  column  shown  in 
Figure  1. 

For  the  lower  rates  of  boiling,  some  of  the  plate  efficiencies 
obtained  were  above  100  per  cent.  It  is  believed  that  this 
inconsistency  was  contributed  largely  by  errors  in  data  used 
for  the  construction  of  the  vapor-liquid  composition  curve, 
since  a  comparatively  small  error  in  this  diagram  will  have  a 
large  effect  upon  the  calculated  plate  efficiency. 

In  Figures  3  and  4,  the  heights  of  the  equivalent  theoreti¬ 
cal  plates  for  the  various  columns  have  been  plotted  against 
the  rate  of  boiling.  The  effect  of  the  rate  of  boiling  is  small 
in  comparison  with  the  difference  in  height  of  the  equivalent 
theoretical  plate  between  the  various  columns  tested.  Thus 
the  column  shown  in  Figure  1,  for  instance,  even  if  operated 
at  a  rate  of  21.5  ml.  per  minute,  or  near  its  maximum  or  most 
inefficient  rate,  would  still  have  an  “H.  E.  T.  P.”  which  would 
only  be  about  38  per  cent  of  that  of  the  old  column  operated 
at  its  minimum  or  optimum  rate  (see  Figure  3). 


Table  III.  Maximum  Vapor  Velocities  and  Rates 

Boiling 

Rate  of  Boiling 

at  Top  of  Column, 

Vapor  Velocity 

Column 

Ml. /Min.  of  Benzene 

at  Top  of  Column 

Cm./ sec. 

Ft.  /sec. 

As  shown  in  Figure  1, 
20-mm.  sections 

As  shown  in  Figure  2, 

30 

31.3 

1.0 

40-mm.  sections 
Old  design  (S), 

64 

65.5 

2.2 

80-mm.  sections 

41 

42.4 

1.4 

Table  III  shows  the  maximum  vapor  velocities  and  rates 
of  boiling  at  which  the  columns,  in  the  absence  of  bumping, 
may  be  operated  without  flooding.  Since  these  tests  were 
carried  out  with  benzene,  it  is  evident  that  a  higher  rate  of 
boiling  in  milliliters  per  minute  should  be  expected  if  liquids 
of  higher  molecular  weights  were  used. 

Conclusions 

Referring  to  the  column  shown  in  Figure  1,  it  is  noted  that 
the  height  of  the  equivalent  theoretical  plate  for  this  column 
is  only  about  2  cm.  (about  0.75  inch).  This  value  appears  to 
be  smaller  than  that  reported  for  any  other  column  in  the 
literature,  regardless  of  the  diameter. 

The  column  shown  in  Figure  2  can  be  used  for  vapor  ve¬ 
locities  up  to  65.5  cm.  per  second  (2.2  feet  per  second)  as 
against  31.3  cm.  per  second  (1.0  feet  per  second)  for  the  col¬ 
umn  shown  in  Figure  1,  and  is  therefore  recommended  for  use 
in  laboratories  where  speed  of  distillation  is  essential.  For 
most  purposes,  however,  the  column  shown  in  Figure  1  is  to 
be  preferred,  since  the  degree  of  separation  in  this  column  is 
200  per  cent  as  great  as  that  obtained  in  the  column  shown  in 
Figure  2  and  about  400  per  cent  as  great  as  the  older  type  of 
bubble-cap  columns. 


In  a  laboratory  of  average  height,  it  is  possible  to  build  a 
column  containing  between  100  and  150  plates  (height  2  and 
3  meters,  respectively)  of  the  design  shown  in  Figure  1, 
while  only  half  that  number  of  plates  could  be  used  with  the 
column  shown  in  Figure  2. 

While  it  has  been  shown  that 
the  efficiency  as  well  as  the 
throughput  of  columns  containing 
metal  packings  decreases  as  a  re¬ 
sult  of  corrosion  (4),  the  columns 
described  in  this  paper  have  the 
obvious  advantage  of  retaining 
their  efficiencies  indefinitely. 

Thus,  strictly  reproducible  results 
can  be  obtained  over  indefinite 
periods  of  time. 

As  the  older  type  of  all-glass 
bubble-cap  columns  has  been 
shipped  by  the  manufacturer  to 
distant  places,  and  as  they  have 
been  used  extensively  by  many 
laboratories  without  a  single  re¬ 
ported  breakage,  it  is  believed  that  the  new  columns,  prop¬ 
erly  mounted  (3),  should  be  at  least  as  sturdy  and  long- 
lasting. 

The  new  columns  are  exceedingly  easy  to  operate.  For  a 
given  liquid  the  jacket  temperatures  may  be  varied  within 
wide  limits  without  causing  any  disturbances  or  flooding,  and 
the  columns  require,  practically  speaking,  no  attention  ex¬ 
cept  that  of  charging  as  well  as  removal  of  the  distillate  frac¬ 
tions.  Another  unique  feature  of  the  new  columns  is  the  fact 
that  it  is  possible  for  the  operator,  by  a  glance  at  the  liquid 
levels  in  the  side  arms,  to  get  a  rough  indication  of  the  rate  of 
boiling.  As  shown  in  Figure  5,  the  liquid  level  is  consider¬ 
ably  higher  up  in  the  arm  when  the  column  is  operating  near 
its  flooding  point.  With  this  in  mind,  the  column  may  be 
adjusted  to  a  safe  operating  rate  and  then  left,  more  or  less, 
to  take  care  of  itself. 

Manufacturing  of  Columns 

The  columns  described  in  this  paper  have  been  made  by 
the  Otto  R.  Greiner  Company,  55  Plane  St.,  Newark,  N.  J. 
In  order  to  avoid  any  misunderstanding,  it  should  be  noted 
that  both  of  the  columns  described  in  this  paper  (Figures  1  and 
2)  are  entirely  different  and  much  superior  to  an  unpublished 
column  (40-mm.  sections)  which  has  been  designed  by  the 
author  and  made  by  the  same  manufacturer  during  the  past 
two  years. 
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Figure  5.  Operating 
Rate  of  Column  as  a 
Function  of  Liquid 
Level  in  Side  Arms 

A.  Flooding  point 

B.  Maximum  operating  rate 

C.  Normal  operating  rate 


A  Simple  Laboratory  Shaking  Machine 

JOHN  H.  HIGHBERGER,  Department  of  Leather  Research,  University  of  Cincinnati,  Cincinnati,  Ohio 


Figure  1.  Large  Model 

OST  of  the  laboratory  shaking  machines  on  the  market 
suffer  from  the  faults  of  overcomplication  and  lack  of 
daptability.  Inasmuch  as  agitation  is  a  frequent  and 
nportant  operation  in  this  laboratory,  both  in  analytical  and 
xperimental  work,  considerable  thought  was  devoted  to  the 
esign  of  a  machine  which  would  present  the  utmost  in  sim- 
hcity  and  versatility.  It  was  particularly  desired  to  keep 
s  simple  as  possible  the  method  of  holding  in  place  the  con- 
ainers  to  be  agitated,  and  at  the  same  time  permit  the 
imultaneous  use  of  different  sizes  of  vessels  on  the  machine, 
’he  principle  adopted  to  these  ends,  and  incorporated  in  the 
wo  machines  shown  in  Figures  1  and  2,  has  been  in  satis- 
ictory  use  in  this  laboratory  for  the  past  3  years. 

The  larger  of  the  two  machines,  shown  in  Figure  1,  will  accom- 
lodate  24  bottles  of  any  size  up  to  about  2  liters.  The  body  con- 
ists  of  a  rectangular  box  30.5  X  30.5  X  61  cm.  (12  X  12  X  24 
iches),  from  each  side  of  which  projects  a  30.5  X  61  cm.  (12  X 
4  inch)  board,  mounted  on  its  long  edge  along  the  center  line  of 
re  box.  The  boards,  which  are  of  1.91-cm.  (0.75-inch)  stock, 
re  fastened  to  the  box  with  screws,  and  held  rigidly  in  place  by 
leans  of  1.91-cm.  (0.75-inch)  strap  iron  supports.  Three  slots, 
.1  X  17.8  cm.  (2X7  inches),  are  cut  in  the  lower  side  of  each 
oard,  next  to  the  face  of  the  box.  The  whole  is  mounted,  by 
leans  of  two  short  lengths  of  3.014-cm.  (1.187-inch)  steel  shaft 
icured  to  the  ends  of  the  box  by  means  of  metal  face  plates,  be¬ 
tween  two  inverted  pressed-steel  shaft  hangers,  which  serve  as 
ipports.  Ring  oiling  bearings  are  used  in  the  hangers,  which  are 
58.4-cm.  (23-inch)  drop,  mounted  on  wooden  blocks  so  that 
ae  shaft  center  is  67.3  cm.  (26.5  inches)  above  the  floor.  The 
lachine  is  rotated  by  a  belt  drive  through  a  speed  reducer  of  50 
t>  1  ratio,  driven  by  a  0.25  h.  p.  motor.  Speeds  of  30  to  60  r.  p.  m. 
re  satisfactory  for  most  purposes,  and  may  easily  be  altered  to 
lit  the  particular  work  by  means  of  multiple  pulleys. 

The  essential  idea  of  the  machine  is  the  method  of  holding 
le  containers  in  place.  For  this  purpose  use  is  made  of  large 
rcular  elastics  cut  from  discarded  rubber  inner  tubes.  For 
lost  sizes  of  bottles  or  jars  these  are  most  satisfactorily  cut 


in  6.4-  to  7.6-cm.  (2.5-  to  3-inch)  widths.  Such  an  elastic  is 
slipped  around  the  container,  which  is  then  set  on  the  box 
next  to  one  of  the  slots.  The  elastic  is  then  pulled  through  the 
slot  from  the  other  side  of  the  board,  and  stretched  to  permit 
the  insertion  of  a  second  container  on  that  side.  The  con¬ 
tainers  are  thus  securely  held  in  pairs,  one  on  each  side  of  the 
board,  and  their  attaching  or  removal  is  merely  a  matter  of 
slipping  the  elastic  on  or  off.  For  the  larger  sizes  of  containers 
the  elastics  should  be  cut  from  one  of  the  large-size  inner 
tubes  used  in  truck  tires.  These  are  easily  obtainable  at  most 
garages. 

For  use  with  smaller  sizes  of  containers  the  modification 
shown  in  Figure  2  was  suggested  by  W.  P.  Doelger  of  this 
department.  The  same  method  of  fastening  the  bottles  on 
the  machine  is  used,  but  as  the  weight  is  not  so  great  in  this 
case,  no  base  is  necessary  for  them  to  rest  on,  and  they  are 
supported  only  by  the  elastics  passed  through  the  slots  as 
before. 

The  apparatus  consists  essentially  of  a  2.54-cm.  (1-inch)  oak 
board,  91.4  cm.  (36  inches)  long,  which  rotates  about  its  long 
axis.  Five  5.1  X  20.3  cm.  (2X8  inch)  slots  make  it  possible 
to  accommodate  10  containers.  The  board  is  suspended  between 
two  shaft  hangers  by  means  of  two  20.3-cm.  (8-inch)  lengths  of 
2.54-cm.  (1-inch)  steel  shaft,  each  of  which  is  welded  to  a  pipe 
flange  bolted  to  one  of  the  end  pieces  of  the  board.  The  shaft 
hangers  are  of  20.3-cm.  (8-inch)  drop  and  are  mounted  by  means 
of  wooden  blocks  so  that  the  shaft  center  is  24.1  cm.  (9.5  inches) 
above  the  table  top.  The  machine  is  driven  by  a  0.125  h.  p. 
motor  operating  through  a  speed  reducer  of  50  to  1  ratio. 


Figure  2.  Small  Model 

The  relative  cheapness  of  such  a  machine  is  realized  from 
the  fact  that  the  cost  of  the  smaller  model  was  approximately 
fifty  dollars.  This  includes  the  motor  and  speed  reducer, 
and  the  cost  of  welding  the  pipe  flanges  to  the  shaft.  The 
cost  of  the  larger  model  is  naturally  somewhat  higher, 
principally  because  of  the  use  of  larger  shaft  hangers  and 
motor.  A  saving  could  probably  be  effected  in  the  construc¬ 
tion  of  these  machines  by  the  substitution  of  wooden  supports 
for  the  pressed-steel  shaft  hangers,  but  the  convenience  and 
neat  appearance  of  the  latter,  together  with  the  ease  with 
which  the  shaft  may  be  properly  aligned  by  means  of  their 
adjusting  screws,  makes  their  added  expense  well  justified. 

Acknowledgment 

The  writer  is  indebted  to  E.  K.  Moore  of  this  department 
for  much  help  in  the  design  and  construction  of  these  ma¬ 
chines. 

Received  March  12,  1936. 


227 


Nomographs  for  Determining  Molecular  Weights 
by  the  Freezing  Point  and  Boiling  Point  Methods 

W.  S.  GILFOIL,  Omega,  La. 
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Figure  1.  Nomograph 
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Figure  2.  Molecular  Weight  Nomo¬ 
graph 
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THE  determination  of  molecular  weights  is  a  common  step 
after  the  ultimate  organic  analysis  of  a  compound.  As  a 
rule  the  data  obtained  are  less  accurate  than  the  nomographs, 
which  are  satisfactory  for  all  practical  purposes.  The  method 
makes  use  of  two  sets  of  analogous  equations.  The  boiling 
point  equations  are  the  same  as  those  given  here  for  the  freez¬ 
ing  point  method,  and  the  same  charts  are  used  for  both. 

Kf  =  7V  /  503  If  (1) 

m  =  1000K/  X  g  /  G  X  A 7}  (2) 

where  Kf  represents  the  molal  depression  of  the  freezing  point 
T0,  the  freezing  point  of  the  solvent  in  degrees  Kelvin 
If,  the  latent  heat  of  fusion  in  calories  per  gram 
G,  the  weight  of  solvent 

g,  the  weight  of  solute,  expressed  in  the  same  units 
m,  the  molecular  weight  of  the  solute 
A7/,  the  observed  freezing  point  depression 

The  correction  of  temperature  to  the  Kelvin  scale  is  taken  care 
of  in  the  charts,  so  that  Centigrade  temperature  is  used. 


In  case  a  value  falls  off  the  chart,  as  in  the  case  of  L  for 
water,  divide  by  10  (for  simplicity’s  sake) ;  running  the  line 
from  53.9  through  100°  C.,  we  obtain  a  value  on  the  Ks  line 
which,  when  divided  by  the  same  number,  10,  gives  the  proper 
value  of  Kf  (Figure  1). 

In  the  formation  of  the  second  nomograph  (Figure  2),  as 
there  are  four  variables,  a  turning  line  is  necessary.  Its  use 
may  be  illustrated  by  the  following  example : 

Experimental  data  give  a  ratio  g/G  of  0.010,  the  difference  in 
temperature  between  the  freezing  point  of  solvent  and  solution 
was  1.000 0  C.,  and  Kf  was  10.0.  Draw  a  straight  line  from  10  on 
the  K  line  to  0.01  on  the  g/G  line.  From  the  point  where  this  line 
intersects  the  turning  line,  draw  a  straight  line  through  the  m 
line  and  the  point  1.000  on  the  A T  line.  The  value  of  m  is  then 
read  as  100,  the  proper  value. 
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Pipet  for  Titrating  Dark-Colored  Liquids  in  Two  Phases 

MILDRED  M.  HICKS-RRLTUN  AND  LAWRENCE  W.  CLAFFEY,  Sun  Oil  Company  Research  Laboratory,  Norwood,  Pa. 


I 


N  THE  petroleum 
and  other  industries 
it  is  often  necessary  to 
determine  the  free 
acidity  as  well  as  saponi¬ 
fication  numbers  of  dark- 
colored  substances.  As 
many  of  these  sub¬ 
stances  have  compara¬ 
tively  high  melting 
points  and  are  very  little 
soluble  in  alcohol,  in  re¬ 
cent  years  it  has  become 
the  practice  to  use  a 
benzene-alcohol  solu¬ 
tion,  both  for  titrations 
with  aqueous  alkali  ( 1 , 
4),  and  as  a  saponifica¬ 
tion  medium  with 
caustic  potash  and  sub- 
sequent  titration  with 
aqueous  acid  (5).  In 
either  case  the  addition 
of  an  aqueous  solution 
to  the  benzene-alcohol 
mixture  precipitates  a 
second  layer;  the  dark- 
colored  substance  re¬ 
mains  in  the  upper  phase  (the  benzene-alcohol  layer),  while 
the  acidic  constituents  and  excess  alkali  remain  in  the  aqueous 
alcoholic  layer.  Cobum  (4)  has  pointed  out  that  sodium 
chloride  may  be  added  to  render  the  two-phase  separation 
sharper. 

Methods  in  which  the  benzene-alcohol  solution  is  used  are 
often  helpful  in  the  determination  of  the  end  point,  and  more¬ 


over  a  top  benzene  layer  serves  to  protect  caustic  alkali 
solutions  from  atmospheric  carbon  dioxide  during  titration. 
However,  the  top  layer  is  often  dense  and  black  and  refuses 
to  remain  intact  during  the  necessary  swirling  of  the  flask  in 
titration.  Furthermore,  after  the  two  layers  are  broken  it 
not  only  requires  several  minutes  for  them  to  separate  again, 
but  also  it  is  difficult  to  determine  the  exact  end  point  of  a 
yellowish  or  reddish  solution  beneath  a  heavy  black  layer. 

To  meet  this  need  a  pipet  was  devised  in  this  laboratory 
which  materially  aided  the  operator’s  ability  to  determine  the 
end  point.  The  pipet  was  made  a  convenient  length  to  remain 
in  the  titration  flask  throughout  the  titration,  and  may  be  of 
clear  glass  or  with  a  white  background.  From  time  to  time, 
the  stopcock  was  opened  and  a  convenient  depth  of  the  liquid 
was  sucked  into  its  stem  by  means  of  the  rubber  bulb,  after 
which  the  stopcock  was  closed.  If  a  portion  of  the  benzene 
layer  entered  the  pipet,  it  rose  to  the  top  of  the  liquid.  The 
color  of  the  indicator  could  then  be  closely  observed  and  the 
liquid  returned  to  the  flask  by  opening  the  stopcock  and  apply¬ 
ing  pressure  to  the  bulb.  In  this  manner  the  progress  of  the 
titration  could  be  noted  until  a  satisfactory  end  point  had  been 
reached. 

Although  there  are  several  titration  flasks  with  forms  of 
sealed-in  tubes,  such  as  those  of  Bezzenberger  (3)  and  Baader 
(2),  the  pipet  here  described  was  found  not  only  to  be  simpler 
and  more  effective,  but  also  better  adapted  for  the  technic 
of  saponification  numbers.  Many  uncertainties  in  the  end 
points  of  dark-colored  solutions  have  been  avoided  by  its  use. 
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Errors  in  Microweighing  Due  to  the  Use  of  Lead  Shot  in  Tares 

ROGER  J.  WILLIAMS,  Oregon  State  College,  Corvallis,  Ore. 


THE  Kuhlman  microbalance  which  is  most  highly  recom¬ 
mended  by  Pregl  and  his  followers  is  provided  by  the 
manufacturer,  in  accordance  with  Pregl’s  recommendations, 
with  a  numbered  series  of  small  tare  bottles  of  various  sizes, 
and  about  50  grams  of  fine  lead  shot  with  which  to  prepare 
tares  for  the  different  vessels  in  which  material  may  be 
weighed. 

The  writer  had  occasion  to  weigh  small  samples  of  material 
in  relatively  large  glass  weighing  bottles  (weighing  about  6 
grams)  and,  although  the  balance  seemed  to  be  working  per¬ 
fectly  and  the  temperature  fluctuations  were  not  excessive, 
constant  values  could  not  be  obtained.  In  one  case  a  weigh¬ 
ing  differed  from  that  of  the  previous  day  by  nearly  50y. 

The  cause  of  the  excessive  variations  was  traced  to  the  use 
of  the  lead  shot  which  had  been  provided.  As  soon  as  the 
lead  was  discarded  and  broken  glass  substituted  for  it  in  the 
tares,  the  difficulty  promptly  disppeared  and  weighings  be¬ 
came  constant. 

Calculations  show  that  if  5  grams  (0.37  cc.)  of  lead  are  used 
to  balance  a  glass  vessel  (this  quantity  is  not  excessive  since 
the  balances  have  a  capacitv  of  20  grams),  the  difference  in 
the  volumes  of  air  displaced  by  the  lead  and  the  glass  (taking 


2.7  as  the  specific  gravity  of  glass)  is  about  1.5  cc.  This  air, 
if  dry  at  standard  pressure  and  25°  C.,  would  weigh  1.78  mg. 
Under  actual  conditions,  however,  the  weight  of  this  excess 
air  displaced  by  the  glass  vessel  will  vary  6y  per  degree  of 
temperature  variation,  23  y  per  cm.  of  barometric  variation, 
and  about  21y  for  the  difference  between  dry  and  saturated 
air. 

Users  of  microbalances  have  always  attempted  to  work  at 
as  constant  a  temperature  as  possible.  It  is  evident,  however, 
that  the  errors  due  to  temperature  variation  are  greatly  mag¬ 
nified  by  the  use  of  lead  shot.  More  serious  is  the  barometric 
variation  because  changes  of  a  centimeter  or  more  in  the  baro¬ 
metric  reading,  which  readily  occur,  may  introduce  a  serious 
error  if  lead  shot  is  used.  The  error  due  to  humidity  varia¬ 
tion  may  easily  be  considerable  under  some  conditions. 

If  one  insists  on  using  lead  shot,  he  can  record  temperatures, 
barometric  readings,  and  humidities  and  make  suitable  cor¬ 
rections,  but  it  is  vastly  simpler  to  render  all  these  corrections 
entirely  unnecessary  by  discarding  the  lead  shot  and  using 
tares  made  of  the  same  material  as  the  vessel  to  be  weighed. 

It  is  clear  to  the  writer  that  manufacturers  should  supply 
somewhat  larger  tare  bottles  and  glass  beads  (or  possibly 


229 


230 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  3 


aluminum  shot)  to  use  in  them.  In  case  heavier  objects  are 
being  weighed,  care  should  be  taken  to  have  the  vessel  and 
the  tare  made  of  the  same  material,  since  the  difference  even 
between  quartz  and  glass  is  sufficient  to  introduce  appreciable 
errors  in  case  the  vessels  are  relatively  heavy.  Though  the 
writer  has  had  no  experience  in  this  connection,  it  appears  that 
the  weighing  of  the  absorption  tubes  used  in  carbon  and  hy¬ 


drogen  determinations  must  be  subject  to  especially  large 
variations  when  lead  shot  are  used  in  the  tares,  because  of  the 
relatively  heavy  objects  weighed.  The  use  of  weights  in¬ 
stead  of  tares  leads  to  the  same  needless  errors  unless  the 
weights  have  the  same  density  as  the  objects  to  be  weighed. 
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New  Apparatus  for  Analytical  Laboratories 

Crucible  Support  for  Desiccators,  Graduated  Cylinder,  and  Flask  Cover 

F.  E.  TUTTLE 

University  of  Kentucky,  Lexington,  Ky. 


AS  A  RULE  desiccators  are  supplied  without  plate  or 
other  device  for  support  of  crucibles  and,  on  account  of 
the  inflexibility  and  expense  of  porcelain  plate  supports,  the 
time  and  ingenuity  of  the  user  are  often  consumed  in  the 
fabrication  of  makeshift  substitutes  of  glass,  pipestem,  etc. 

The  crucible  support,  Figure  1,  described  in  this  article  is 
designed  for  use  in  the  regular  15-cm.  (6-inch)  Scheibler  desic¬ 
cator  and  will  hold  six  No.  0  or  00  porcelain  crucibles  with 
covers  or  the  same  number  of  platinum  crucibles  of  corre¬ 
sponding  sizes. 


Figure  1 

The  support  is  made  of  pure  nickel  wire  with  all  intersec¬ 
tions  securely  brazed.  Long  and  continuous  use  of  the  sup¬ 
port  justifies  the  following  claims:  By  adjusting  the  legs  it 
is  readily  adapted  to  variations  in  the  shapes  of  desiccators, 
is  held  firmly  in  position  during  any  legitimate  use  of  the  ap¬ 
paratus,  holds  the  crucibles  securely,  may  be  deformed 
slightly  to  accommodate  crucibles  of  different  sizes,  allows 
unrestricted  circulation  of  air,  and  is  kept  bright  with  a 
minimum  expenditure  of  time  and  the  use  of  a  little  fine  steel 
wool. 

Graduated  Cylinder.  In  those  chemical  operations 
where  one  has  occasion  to  measure  rapidly  volumes  of  liquid 
reagents,  solvents,  etc.,  there  is  great  need  of  a  handy  measur¬ 
ing  cylinder  of  moderate  capacity,  one  that  is  sufficiently 
accurate,  not  easily  upset,  sturdy  in  construction,  and  not 
readily  broken. 

The  cylinder  illustrated  in  Figure  2  has  all  these  charac¬ 
teristics  and  has  been  used  in  the  different  laboratories  with 
great  satisfaction,  particularly  in  quantitative  analytical 
work.  Whereas  the  tall,  narrow,  100-ml.  cylinder  in  regular 
use  at  present  is  characterized  by  great  instability,  generally 
resulting  in  breakage  when  tipped  over  unless  protected  by 


some  sort  of  shock  absorber,  this 
short,  wide  cylinder  stands  more 
firmly  on  the  table,  is  more  readily 
filled  and  emptied,  has  two  lips 
for  convenient  pouring,  has  never 
broken  when  tipped  over,  is 
graduated  both  up  and  down,  and 
allows  volumes  to  be  measured  as 
accurately  as  in  any  other  cylin¬ 
der  of  the  same  diameter. 

It  is  not  recommended  for  work 
that  should  be  done  only  by  an 
accurately  calibrated  pipet,  buret, 
or  certified  tall  narrow  cylinder, 
but  when  made  according  to  the 
dimensions  given  it  stands 
supreme  as  a  general-purpose 
measuring  cylinder  of  100-ml. 
capacity. 

Flask  Cover.  Manytimes, 
particularly  when  corrosive 
liquids  are  being  boiled  in  flasks,  it  is  desirable  to  resort  to 
some  device  for  control  of  spattering,  evaporation,  prevention 
of  free  access  of  air,  dust,  etc.  In  the  past  small  funnels, 
inverted  porcelain  crucible  covers,  and  glass  bulbs  have  been 
employed  for  this  purpose  and  generally  with  unpleasant 
results,  because  the  center  of  gravity  of  the  miscellaneous 
covers  is  above  the  rim  of  the  vessel  being  covered. 

The  cover  as  illustrated  (Figure  3)  is  designed  upon  a  new 
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principle  which  places  nearly  its  entire  weight  inside  and  below 
the  rim  of  the  vessel,  so  that  it  will  remain  securely  in  position 
even  while  the  flask  is  being  shaken. 

Thus  far  three  sizes  of  this  cover  have  been  successfully 
used  and  a  careful  inspection  of  the  cut  of  the  No.  3  size  singly 
and  in  cross  section  as  closing  a  300-ml.  Pyrex  Erlenmeyer 
flask  will  show  that  it  is  capable  of  being  used  upon  a  wide 


range  of  flask  sizes — e.  g.,  No.  1  may  be  used  to  close  orifices 
from  11  to  19  mm.  diameter,  No.  2  those  from  16  to  29  mm., 
and  No.  3  those  from  21  to  39  mm.  Other  sizes  may  be  made 
if  desirable. 

The  apparatus  described  in  this  article  may  be  secured  from 
Eimer  &  Amend,  New  York,  N.  Y. 
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Condenser  System  for  Fractional  Distillation 

ELDON  A.  MEANS  AND  EDWARD  L.  NEWMAN,  The  Eldon  A.  Means  Co.,  Wichita,  Kans. 


THE  condenser  described  here  has  the  advantages  of 
flexibility  and  greater  efficiency  over  the  conventional 
types,  being  better  insulated  and  providing  an  arrangement 
whereby  almost  any  cooling  medium  may  be  used. 

The  illustrated  apparatus  has  given  great  satisfaction  in 
condensing  vapors  from  fractional  distillations.  It  greatly 
resembles  the  top  of  a  Podbielniak  column  (2).  An  evacu¬ 
ated  glass  jacket,  silvered  for  efficient  heat  insulation,  surrounds 
the  buret  and  condenser.  The  condenser  itself  is  a  metal  cylin¬ 
der  fitting  into  the  top  of  the  glass  jacket  and  is  insulated  from 
the  glass  by  means  of  an  asbestos  cord.  The  cooling  medium  is 
run  down  into  the  condenser  through  tube  A  and  escapes  at  D. 
Compressed  carbon  dioxide  is  very  satisfactory,  although  liquid 
air  or  water  may  be  used,  according  to  the  condensing  range.  The 
inner  tube  or  condensing  tube  is  of  metal  and  contains  a  spiral  strip 
extending  down  to  the  buret  and  dividing  the  tube  into  two  com¬ 
partments.  Thus  the  vapors  coming  in  at  B  pass  down  one 
side  of  the  tube,  condense,  and  fall  into  the  buret.  Displaced  air 
must  pass  up  the  other  side  of  the  dividing  strip  and  emerge  at 
C,  losing  condensable  vapors  in  transit.  The  metal  condenser 
tube  is  connected  to  the  glass  buret  by  soldering  to  the  platinized 
glass  ( 1 ).  This  provides  an  air-tight  seal  between  the  metal  and 
glass. 

This  apparatus  is  particularly  useful  in  the  distillation  of 
gasoline.  Lighter  fractions  and  gases  can  be  condensed  by 


use  of  a  low-temperature 
cooling  medium  such  as 
carbon  dioxide  or  liquid 
air.  The  condenser  is  well 
adapted  to  vacuum  distilla¬ 
tion,  the  vacuum  connec¬ 
tion  being  made  at  C  and 
liquid  extracted  at  E  by 
any  of  the  conventional 
methods  for  extraction  of 
liquids  during  vacuum  dis¬ 
tillation. 
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Dithizone  as  a  Reagent  for  Dissolving  and  Determining  Spray  Residue  Lead 

WAYNE  E.  WHITE,  Western  Reserve  University,  Cleveland,  Ohio 


THE  readiness  with  which  dithizone  (diphenylthiocarba- 
zone)  reacts  with  minute  amounts  of  lead  even  when 
the  lead  is  in  such  insoluble  compounds  as  the  sulfate  and 
arsenate  leads  to  the  thought  that  this  reagent  might  be 
made  to  assume  a  dual  role  in  the  analysis  of  spray  residues 
for  lead.  The  reagent  might  serve  as  the  solvent  for  the 
removal  of  the  lead  from  the  analyzed  fruits  as  well  as  in  its 
ordinary  capacity  as  colorimetric  reagent.  Were  this  pos¬ 
sibility  borne  out  by  experimental  investigation,  and  were 
there  no  other  complicating  factors,  we  should  have  an 
analytical  method  superior  to  any  of  those  in  present  use  in 
respect  to  speed  and  simplicity  ( 1 ,  2). 

After  considerable  investigation  of  this  problem  the  writer 
desires  to  announce  the  following  results  and  conclusions: 

1.  Lead  is  dissolved  from  the  surface  of  fruits  by  a  solution 
of  dithizone  in  chloroform  in  the  presence  of  an  aqueous 
solution  of  potassium  cyanide,  ammonia,  and  citric  acid.  In 
order  to  effect  a  rapid  and  complete  removal,  a  number  of 
washings  (two  to  six,  depending  on  the  amount  of  lead  and 
the  tenacity  with  which  it  is  held)  are  necessary. 

2.  The  dithizone  color  change  due  to  the  presence  of  lead 
occurs  just  as  in  the  ordinary  procedures.  The  contact  with 


the  organic  matter  of  the  fruit  skins  does  not  seem  to  affect 
the  reagent.  As  in  other  dithizone  methods  of  spray  residue 
analysis,  there  are  no  probable  contaminants  which  will 
interfere  in  the  lead  determination.  An  occasional  turbidity 
due  to  undissolved,  suspended  matter  does  not  appear  to  be 
particularly  detrimental  to  a  close  comparison  of  colors. 

3.  The  multiple  washings  prevent  the  expected  economy 
of  time  and  materials  and  may  decrease  the  accuracy  and 
precision  of  a  determination.  Further  work  may  reveal  a 
way  of  increasing  the  solvent  power  of  the  dithizone  solution 
and  thereby  the  most  serious  obstacle  to  the  success  of  this 
direct  method  of  spray  residue  analysis  will  be  removed. 
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Detection  of  Lanthanum,  Yttrium,  and  Ytterbium  from  Spark  in  Flame  Spectra 

O.  S.  PLANTINGA  AND  C.  J.  RODDEN,  Washington  Square  College,  New  York  University,  New  York,  N.  Y. 


THE  simplified  spark  in  flame  spectra  method  of  Hultgren 
(1),  previously  reported  by  the  authors  (4),  has  been 
applied  to  the  detection  of  lanthanum,  yttrium,  and  ytter¬ 
bium  in  rare  earth  salts.  Lundegardh  {2)  detected  neo¬ 
dymium  down  to  0.01  M  by  a  flame  spectrum  method,  and 
Piccardi  and  Sberna  (S)  found  limits  of  0.01  per  cent  for 
lanthanum  oxide  and  0.001  per  cent  for  yttrium  oxide,  using 
molecular  flame  spectra. 

The  method  employed  by  the  authors  involves  the  visual 
spectroscopic  examination,  with  a  hand  spectroscope,  of  a 
spark  discharge  in  an  ordinary  gas  flame  in  which  the  chloride, 
nitrate,  or  acetate  solution  of  a  sample  is  volatilized.  The 
three  elements  studied  were  detected  by  the  appearance  of 
the  following  band  heads  in  the  spectra:  for  lanthanum, 
4372,  o4418,  and  5600  A.;  for  yttrium,  the  group  5892  to 
6200  A.;  and  for  ytterbium,  5700  A.  The  limit  of  detection, 
based  on  the  dilution  of  a  solution  of  each  element  of  known 
strength,  is  in  each  case  about  0.0001  M,  although  for  con¬ 
centrations  lower  than  0.001  M,  the  spectra  flashed  unsteadily. 
The  limit  of  detection  is  affected  by  the  presence  of  other 
rare  earths  or  of  large  amounts  of  sodium.  For  example,  a 
mixture  of  lanthanum  and  praseodymium  chloride  solutions, 


Note  to 

IN  THE  preparation  of  manuscripts  authors  should  address 
themselves  to  specialists  in  their  particular  fields,  rather 
than  to  the  general  reader.  If  the  article  describes  a  new  method, 
the  author  should  endeavor  to  tell  the  complete  story,  so  that 
the  reader  will  not  have  to  wait  for  succeeding  contributions  or 
duplicate  the  unpublished  tests  in  order  to  find  out  whether  he 
can  apply  the  method  in  his  own  work. 

The  following  is  suggested  as  a  general  outline  to  be  followed 
in  preparing  analytical  methods  for  this  edition : 

1.  Preliminary  statement  or  introduction,  in  which  the  need  for 
the  method  should  be  stated,  brief  reference  to  other  methods 
or  literature  given,  etc. 

2.  Experimental 

Outline  of  proposed  method 
Description  of  apparatus  and  reagents 
Procedure 
Data 

Interfering  substances  or  conditions 

Concentration  range  through  which  the  method  is  appli¬ 
cable 

Accuracy  of  the  method 
Precision  of  the  method 

3.  Discussion  and  summary 

The  author  should  state  at  the  outset  what  the  original  features 
of  the  paper  are.  If  it  deals  with  a  method  of  analysis,  he  should 
give  some  comparison  with  established  methods  in  point  of  speed, 
applicability,  accuracy,  and  cost.  Extensive  reviews  of  the 
literature  should  not  be  given  and  such  references  as  are  cited 
should  be  carefully  checked.  Incorrect  references  are  inexcusable 
and  cast  doubts  on  the  author’s  reliability.  The  theoretical 
considerations  on  which  the  method  is  based  should  be  clearly 
set  forth. 

In  the  experimental  part,  previously  published  or  well-known 
procedures  which  have  been  followed  should  only  be  designated 
or  references  given  to  them.  If,  however,  the  method  is  new,  the 
data  upon  which  it  is  based  should  be  presented  but  in  no  greater 
detail  than  is  necessary  to  prove  its  soundness.  New  procedures 
should  be  clearly  described,  that  readers  can  easily  duplicate  the 
work.  Loose  directions  should  be  avoided,  unless  the  author 


in  which  the  concentration  of  praseodymium  was  1.5  M, 
showed  a  limit  of  detection  of  lanthanum  only  one-tenth  of 
the  value  of  pure  lanthanum.  A  rough  estimate  of  the 
amounts  of  the  three  elements  may  be  made  by  examining 
the  spectra  of  successive  known  dilutions  of  the  sample  until 
the  bands  disappear. 

The  method  of  detection  outlined  is  economical  and  rapid, 
about  0.1  cc.  of  solution  being  used  in  a  test  requiring  about 
a  minute.  The  value  of  the  method  as  applied  to  laboratory 
samples  of  the  rare  earths  is  illustrated  by  the  examination 
of  a  sample  of  c.  p.  erbium  which  was  found  to  contain  40 
per  cent  of  yttrium.  The  method  has  been  successfully 
applied,  in  a  few  cases,  in  following  the  fractionation  of  rare 
earths. 
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Authors 

knows  that  no  possible  harm  can  result  from  the  most  liberal 
interpretation  that  can  be  made  of  such  expressions  as  “to  the 
faintly  acid  solution,”  “wash  the  precipitate,”  “ignite,”  etc.  If 
new  or  uncommon  reagents  are  needed,  the  author  should  state 
their  probable  cost,  where  they  can  be  purchased  if  rare,  or  how 
they  can  be  prepared,  if  not  on  the  market. 

The  author  should  distinguish  carefully  between  precision  and 
accuracy.  Briefly  but  somewhat  roughly  stated,  accuracy  is  a 
measure  of  degree  of  correctness;  precision  is  a  measure  of  re¬ 
producibility.  The  precision  of  a  result  does  not  necessarily 
have  anything  to  do  with  its  accuracy;  it  serves  merely  as  a 
measure  of  the  duplicability  of  the  procedure  in  the  hands  of  a 
given  operator.  No  claim  for  accuracy  should  be  made  unless 
the  author  believes  that  he  has  satisfactorily  established  the 
correct  result. 

The  author  should  be  frank  and  define  the  limitations  of  the 
method.  Tests  dealing  with  the  effects  of  foreign  compounds 
should  be  made  on  mixtures  in  which  the  ratios  of  the  compounds 
sought  to  the  foreign  compounds  aie  varied  and  simulate  condi¬ 
tions  that  are  likely  to  be  encountered  in  practice.  If  the  author 
has  made  no  such  tests,  he  should  state  that  he  has  no  knowledge 
of  the  effects  of  foreign  substances.  It  is  desirable  that  possible 
applications  of  methods  should  be  stated. 

A  summary  or  prefatory  abstract  should  acquaint  the  reader 
with  the  main  points  of  the  article.  This  should  give  concisely 
where  possible  the  substances  determined,  nature  of  material 
to  which  determination  is  applicable,  interfering  substances, 
range  of  concentration  to  which  method  is  applicable,  whether 
or  not  a  sensible  constant  error  is  involved — that  is,  the  accuracy 
of  the  method — and  its  precision.  Either  the  summary  or  the 
prefatory  abstract  is  so  often  used  by  abstractors  that  the  author 
may  wrell  spend  considerable  time  in  their  preparation,  in  order 
to  be  certain  that  proper  emphasis  is  given  to  the  main  features 
of  the  contribution. 

Our  “Suggestions  to  Authors”  is  available  to  those  unfamiliar 
with  the  form  of  manuscript  and  illustrations  preferred  by 
Industrial  and  Engineering  Chemistry. 
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H.  P.  TREVITHICK,  AND  J.  J.  VOLLERTSEN 


FOR  the  past  two  or  three  years,  the  reports  of  the 
Committee  on  Analysis  of  Commercial  Fats  and  Oils 
have  been  progress  reports  with  very  few  recommendations 
for  adoption  of  methods.  This  has  been  due  largely  to  the 
fact  that  it  has  been  impossible  for  many  laboratories  to  under¬ 
take  cooperative  work  and  it  has  been  the  policy  of  the  com¬ 
mittee  not  to  accept  the  work  of  others  but  to  base  its  recom¬ 
mendations  on  actual  work  of  the  committee.  The  com¬ 
mittee  is  therefore  happy  this  year  to  be  able  to  report  that 
its  activities  and  the  cooperative  results  on  several  lines  of 
work  warrant  the  recommendation  to  the  Society  of  the 
adoption  of  several  methods. 

During  the  year  the  committee  undertook  the  study  of : 

1.  Modification  of  the  Wiley  melting  point. 

2.  The  thiocyanogen  method  as  modified  and  used  in  the 
Procter  &  Gamble  Laboratories. 

3.  The  modified  Twitchell  method  for  the  separation  of  liquid 
and  solid  fatty  acids. 

4.  The  detection  of  foreign  fats  containing  tristearin  in  un¬ 
hydrogenated  pork  fats. 

5.  Further  work  on  the  development  of  more  satisfactory  color 
standards  for  the  committee’s  present  standards. 

Wiley  Melting  Point.  In  the  case  of  the  Wiley  melting 
point,  it  was  found  necessary  to  draw  the  details  of  the 
method  considerably  closer,  particularly  as  to  the  size  of  the 
pellet,  the  method  of  chilling,  and  the  observance  of  the  end 
point  at  which  the  pellet  becomes  a  sphere.  The  latest  modi¬ 
fication  was  studied  by  the  members  of  the  committee,  and 
cooperative  results,  in  the  opinion  of  the  committee,  warrant 
the  recommendation  for  the  adoption  of  this  method  as  an 
official  method  of  the  Society. 

Thiocyanogen  Method.  Many  members  of  the  Society 
are  using,  and  have  been  using  for  a  number  of  years,  the 
thiocyanogen  value  determination  and  have  found  it  very 
useful  in  calculating  the  various  glycerides  present  in  fat 
mixtures.  However,  there  is  not,  at  the  present  time,  in¬ 
cluded  in  the  methods  of  the  Society  a  method  for  the  deter¬ 
mination  of  this  value.  As  a  part  of  the  study  on  liquid  and 
solid  fatty  acids,  the  committee  used  the  method  given  below 
and  the  results  were  so  consistently  good  that  the  committee 
feels  justified  in  recommending  it  for  the  adoption  of  the 
Society  at  this  time. 

Twitchell  Method.  For  a  number  of  years  the  com¬ 
mittee  has  been  studying  various  methods  of  separation  of 
liquid  and  solid  fatty  acids,  but  this  year,  at  the  suggestion 
of  Mr.  Long,  it  was  decided  to  concentrate  on  the  Twitchell 
method  as  modified  and  used  in  the  Procter  &  Gamble  Labora¬ 


tories.  The  cooperative  results  which  are  appended  to  this 
report  indicate  extremely  good  agreement  in  the  several 
laboratories  on  three  separate  sets  of  results  on  the  same 
sample,  and  also  excellent  agreement  between  the  cooperating 
laboratories  on  the  same  sample.  In  view  of  the  good  agree¬ 
ment  on  all  of  the  figures  reported,  the  committee  recommends 
the  adoption  of  the  modified  Twitchell  method,  as  corrected 
by  the  use  of  the  iodine  and  thiocyanogen  values  of  the  solid 
acids,  as  an  official  method  of  the  Society. 

It  is  further  pointed  out  that  the  constituent  fatty  acids, 
with  the  exception  of  a  distinction  between  oleic  and  isooleic 
acid,  may  be  calculated  from  the  thiocyanogen  value  and  the 
iodine  value  of  the  mixed  fatty  acids  in  accordance  with  the 
formula  included  in  the  method. 

The  committee’s  recommendation  of  the  modified  Twitchell 
method  as  corrected  is  based  on  the  fact  that,  if  it  is  desired 
to  determine  the  isooleic  acid,  it  is  necessary  to  make  the 
solid  acid  separation. 

The  committee  proposes  to  continue  the  work  on  liquid  and 
solid  acids,  studying  the  Baughman-Jamieson  modification 
for  which  some  advantages  are  claimed. 

Detection  of  Foreign  Fats  Containing  Tristearin  in 
Unhydrogenated  Pork  Fats.  There  are  two  methods  at 
the  present  time  given  by  the  Association  of  Official  Agri¬ 
cultural  Chemists  for  the  detection  of  tristearin  in  lard.  In 
the  first  method,  the  fat  is  dissolved  in  ethyl  ether  and  in  the 
second  acetone  is  the  solvent  used.  There  have  been  many 
complaints  that  it  is  impossible  to  get  a  satisfactory  crop  of 
crystals  by  the  first  method,  and  this  is  confirmed  by  the 
laboratories  of  the  individual  members  of  this  committee. 
The  committee,  therefore,  undertook  the  study  of  the  second 
method  described  in  the  methods  of  the  A.  O.  A.  C.  in  which 
acetone  is  used  as  the  solvent.  The  results  indicate  that  a 
pure  product  may,  in  some  instances,  be  condemned  as 
adulterated  if  the  conclusion  is  based  on  the  results  of  the 
melting  point  of  the  glycerides  only.  The  committee  found, 
however,  that  if  the  method  is  carried  through  to  determine 
the  Bomer  number,  results  appear  satisfactory.  The  com¬ 
mittee  therefore  recommends  the  adoption  of  the  A.  0.  A.  C. 
method  as  modified  but  deleting  the  sentence,  “A  melting 
point  below  63°  is  regarded  as  evidence  of  adulteration,  and 
a  melting  point  below  63.4°  is  regarded  as  suspicious.” 

Tolman  and  Robinson  (2)  have  pointed  out  that  this  method 
is  not  applicable  to  hydrogenated  pork  fats. 

Color  Standards  of  the  Committee.  About  3  years 
ago,  Mr.  Doherty  of  Lever  Brothers  suggested  a  change  in  the 
chemicals  used  for  the  preparation  of  the  committee’s  stand- 
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Lower  copper  test  tube  support  is  perforated  to  give  proper  air  distribution 
for  agitation. 

Each  arm  of  test  tube  support  is  bent  at  the  end  perpendicular  to  the  plane 
of  diagram  in  lower  right-hand  corner.  Extension  is  1.25  cm.  (0.5  inch). 
Lower  left-hand  corner,  copper  or  brass  plate,  3.2  mm.  thick. 


ards,  one  of  the  principal  ones  being  uranyl  chloride.  The 
claim,  which  the  committee  agrees  is  sound,  is  that  the  in¬ 
organic  salts  recommended  furnish  more  stable  standards 
than  the  organic  dyes  dissolved  in  glycerol  which  have  been 
used  for  a  great  many  years.  The  committee  found  great 
difficulty  in  procuring  a  chemically  pure  supply  of  uranyl 
chloride;  however,  after  rejection  of  five  or  six  lots,  a  satis¬ 
factory  supply  was  finally  obtained.  New  standards  have 
been  prepared  and  are  now  in  process  of  distribution  to  the 
users. 

The  change  to  inorganic  salts  in  acid  solution  necessitated 
the  use  of  ampules  instead  of  the  committee’s  regular  tubes 
which  are  closed  with  a  rubber  stopper,  because  of  the  action 
of  the  solution  on  the  stopper. 

The  committee  expects  to  continue  the  study  of  methods 
which  it  thinks  will  be  of  interest  to  the  Society  during  the 
coming  year. 

Modified  Wiley  Melting  Point  Method  for  Fats 
and  Fatty  Acids 

Appakattjs.  Chilling  bath  with  heavy  brass  or  copper  plate 
drilled  with  holes  9.5  mm.  in  diameter  and  3.2  mm.  deep,  for 
making  disks  (Figure  1). 

Thermometer  graduated  to  0.1  °  C. 

Beakers  approximately  35  X  10  cm. 

Test  tubes  30  X  3.5  cm. 

Alcohol-Water  Mixture.  The  specific  gravity  should  be 
the  same  as  that  of  the  fat  to  be  examined.  Prepare  by  boiling, 
separately,  water  and  95  per  cent  alcohol  for  10  minutes  to  re-  • 
move  the  gases  that  may  be  held  in  solution.  While  still  hot, 
pour  the  water  into  a  test  tube  until  it  is  almost  half  full.  Nearly 
fill  the  test  tube  with  the  hot  alcohol,  pouring  it  down  the  side 
of  the  inclined  tube  to  avoid  too  much  mixing.  If  the  alcohol  is 
added  after  the  water  has  cooled,  air  bubbles  will  make  the  mix¬ 
ture  unfit  for  use. 

Determination.  Fill  the  chill  bath  with  ice  and  water  and 
place  the  copper  or  brass  plate  on  the  level  surface  of  the  bath. 
Fill  the  holes  with  the  melted  and  filtered  fat  and  allow  to  stand 
2  or  3  hours  before  removing  the  disk  from  the  plate.  After  the 
fat  is  thoroughly  chilled,  cut  off  the  excess  fat  protruding  above 
the  level  of  the  plate  and  either  remove  the  disks  and  place  in  the 
cooler,  or  if  no  cooler  is  available  allow  to  stand  on  the  chill  bath 
containing  ice  and  water  for  a  period  of  2  or  3  hours  until  ready  to 
make  the  determination. 

Place  a  30  X  3.5  cm.  test  tube  containing  the  alcohol-water 
mixture  in  a  tall  35  X  10  cm.  beaker  containing  ice  and  water  and 
leave  until  the  mixture  is  cold.  Then  drop  a  disk  of  fat  into  the 
tube.  It  will  sink  immediately  to  a  point  where  the  density  of 
the  alcohol-water  mixture  is  exactly  equivalent  to  its  own. 
Lower  an  accurate  thermometer,  which  can  be  read  to  0.1°  C., 


into  the  test  tube  until  the  bulb  is  just  above  the  disk.  In  order 
to  secure  an  even  temperature  in  all  parts  of  the  alcohol-water 
mixture  around  the  disk,  stir  gently  with  the  thermometer. 
Slowly  heat  the  water  in  the  beaker,  constantly  stirring  it  by 
means  of  an  air  blast  or  other  suitable  device. 

When  the  temperature  of  the  alcohol-water  mixture  rises  to 
about  6°  C.  below  the  melting  point  of  the  fat,  the  disk  of  fat 
begins  to  shrivel  and  gradually  rolls  up  into  an  irregular  mass. 
Lower  the  thermometer  until  the  fat  particle  is  even  with  the 
center  of  the  bulb.  Rotate  the  thermometer  bulb  gently  and  so 
regulate  the  heat  that  about  10  minutes  are  required  for  the  last 
2°  C.  increase  in  temperature.  As  soon  as  the  fat  mass  becomes 
spherical,  read  the  thermometer.  Remove  the  tube  from  the 
bath  and  again  cool.  Place  in  the  bath  a  second  tube  containing 
the  alcohol-water  mixture.  The  test  tube  is  of  sufficiently  low 
temperature  to  cool  the  bath  to  the  desired  point.  After  the 
first  or  preliminary  determination,  regulate  the  temperature  of  the 
bath  so  as  to  obtain  a  maximum  of  about  1.5°  above  the  melting 
point  of  the  fat  under  examination. 

If  the  edge  of  the  disk  touches  the  sides  of  the  tube,  make  a 
new  determination.  Run  triplicate  determinations.  The  second 
and  third  results  should  agree  closely. 

Determination  of  Thiocyanogen  Number 

Reagents.  Lead  thiocyanate,  anhydrous  glacial  acetic  acid, 
and  bromine. 

Preparation  of  Lead  Thiocyanate.  Dissolve  250  grams  of 
the  finest  c.  p.  neutral  lead  acetate  [Pb(CH3C00)2-3H20]  in  500 
cc.  of  distilled  water.  Dissolve  likewise  250  grams  of  c.  p.  potas¬ 
sium  thiocyanate  in  500  cc.  of  water.  Add  the  lead  acetate  solu¬ 
tion  to  the  potassium  thiocyanate  solution  slowly  and  with 
stirring.  Filter  off  the  precipitated  lead  thiocyanate  on  a 
Buchner  funnel  and  wash  successively  with  distilled  water,  alco¬ 
hol,  and  ether.  Dry  the  lead  thiocyanate  as  much  as  possible  by 
drawing  air  through  it.  Remove  from  the  funnel  and  dry  on  a 
watch  glass  in  a  phosphorus  pentoxide  desiccator  for  8  to  10  days 
before  using.  This  lead  thiocyanate  should  be  a  greenish  or  yel¬ 
lowish  white  crystalline  material;  if  it  is  at  all  discolored  it  must 
be  discarded.  Precipitated  lead  thiocyanate  may  be  kept  for  a 
period  not  exceeding  2  months. 

Preparation  of  Acetic  Acid.  Acetic  acid  is  conveniently 
and  suitably  dehydrated  by  refluxing  with  acetic  anhydride. 
In  a  3-liter  Florence  flask,  with  a  large  test  tube  set  in  the  neck 
and  through  w7hich  cold  water  is  passed  to  serve  as  a  condenser, 
are  placed  2  liters  of  c.  p.  glacial  acetic  acid  (99.5  to  100.0  per 
cent)  and  100  cc.  of  acetic  anhydride  (90  to  100.0  per  cent). 
This  mixture  is  refluxed  over  an  oil  bath  for  3  hours  at  approxi¬ 
mately  135°  C.  After  the  anhydrous  acid  has  cooled  to  room 
temperature,  it  should  be  placed  in  cleaned  and  dried  glass- 
stoppered  bottles. 

Preparation  of  an  0.2  N  Solution  of  Thiocyanogen.  For 
the  preparation  of  1  liter  of  solution,  suspend  50  grams  of  the  dry 
lead  thiocyanate  in  500  cc.  of  anhydrous  acetic  acid;  dissolve  5.1 
cc.  of  the  c.  p.  bromine  in  another  500  cc.  of  acid.  Two  glass- 
stoppered  acid  bottles  of  2  or  3  liters  capacity,  which  have  pre¬ 
viously  been  thoroughly  cleaned  and  dried,  should  be  used  for 
this  purpose.  Add  the  bromine  solution  to  the  lead  thiocyanate 
suspension  slowly,  in  small  portions,  and  shake  vigorously,  be¬ 
tween  each  addition,  until  the  solution  is  completely  decolorized. 
After  all  the  bromine  has  been  added,  allow  the  precipitated  lead 
bromide  and  the  excess  lead  thiocyanate  to  settle  out,  then  filter 
the  solution  as  rapidly  as  possible.  A  13-cm.  Buchner  funnel  and 
qualitative  filter  paper  together  with  two  2-liter  pressure  flasks 
are  used  for  the  filtration.  They  are  previously  dried  for  1  hour 
at  105°  C.  The  entire  solution  is  filtered  by  suction  into  the  one 
flask,  when  the  funnel,  containing  the  paper  and  some  cake,  is 
transferred  to  the  second  flask  and  the  solution  refiltered.  It 
should  be  perfectly  clear  upon  the  second  filtration.  The  solu¬ 
tion  should  be  stored  in  glass-stoppered  brown  bottles  and  kept 
in  a  cool  place,  15.56°  to  21.11°  C.  (60°  to  70°  F.).  If  it  is  con¬ 
venient,  the  following  method  for  the  preparation  of  the  thio¬ 
cyanogen  solution  can  be  used  to  advantage.  Suspend  50  grams 
of  the  dry  lead  thiocyanate  in  600  cc.  of  anhydrous  acetic  acid 
in  a  round-bottomed  2-liter  flask,  equipped  with  a  mechanical 
stirrer  and  a  dropping  tube.  Slowly  add  with  agitation  5.1  cc.  of 
c.  p.  bromine  suspended  in  200  cc.  of  dry  acid  in  the  dropping  tube. 
The  acetic  acid-bromine  solution  should  be  added  at  a  rate  such 
that  the  liquid  in  the  reaction  flask  remains  only  faintly  tinged 
with  brown.  When  the  entire  bromine-acetic  acid  solution  has 
been  added,  the  dropping  tube  is  rinsed  out  with  an  additional 
200  cc.  of  the  dry  acid  which  is  added  immediately  to  the  reaction 
mixture.  When  the  bromine  has  all  reacted,  as  indicated  by  the 
color  of  the  reaction  mixture,  the  agitation  is  ceased,  the  pre¬ 
cipitated  lead  bromide  allowed  to  settle,  and  the  thiocyanogen 
solution  filtered  as  described  above. 
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Table  I.  Summary  of  Results  on  Liquid  and  Solid  Acids 

' - Modified  Twitchell - •  • - Modified  Twitchell  Corrected - ■»  • —  —  Thiocyanogen - , 

Component  Acids  12  3  Av.  12  3  Av.  12  3  Av. 


Values  Determined  by  M.  L.  Sheely 


Oleic  acid 

Isooleic  acid 

47.4  i 
14.1  ; 

|  61.5 

47.9) 
13.5  ] 

[61.4 

f 1:"}60-9 

61.3 

44.7 

13.7 

}  58.4 

45.9  1 
12.5  ] 

[  58.4 

45.3  1 
13.5  ] 

[  58.8 

58.5 

57.9 

58.3 

58.8 

58.3 

Linoleic  acid 

10.2 

10.2 

10.5 

10.3 

11.7 

11.7 

11.5 

11.6 

12.0 

11.8 

11.5 

11.8 

Saturated  acids 

28.3 

28.4 

28.6 

28.4 

29.9 

29.9 

29.7 

29.9 

30.1 

29.9 

29.7 

29.9 

Values  Determined  by  J.  J. 

Vollertsen 

Oleic  acid 

Isooleic  acid 

47.1  ) 
13.9  ) 

J  61.0 

47.3  ) 
13.8) 

61.1 

fl:?}611 

61.1 

45.2 

13.2  ; 

[  58.4 

44.3  1 
12.7  j 

•57.0 

45.4) 

12.8) 

■  58.2 

57.9 

58.2 

60.4 

58.8 

59.1 

Linoleic  acid 

10.4 

10.3 

10.4 

10.4 

11.6 

12.3 

11.6 

11.8 

11.8 

10.7 

11.5 

11.3 

Saturated  acids 

28.7 

28.6 

28.5 

28.6 

30.0 

30.7 

30.2 

30.3 

30.0 

28.9 

29.7 

29.5 

Values  Determined  by  C. 

P.  Long 

Oleic  acid 

Isooleic  acid 

44.0  1 

16.2  j 

■  60.2 

49.3) 

14.5) 

63.8 

ft:?}  59.5 

61.2 

40.0 ; 
15.8 ; 

}  55.8 

44.5) 
11.5  ) 

56.0 

42.0) 
14.6  ) 

56.6 

56.1 

56.0 

56.6 

57.2 

56.6 

Linoleic  acid 

11.0 

9.2 

11.3 

10.5 

13.2 

13.1 

12.8 

13.0 

13.9 

12.8 

12.5 

13.1 

Saturated  acids 

28.8 

27.0 

29.2 

28.3 

31.0 

30.9 

30.6 

30.8 

30.1 

30.6 

30.3 

30.3 

Values  Determined  by  W.  H.  Irwin 

Oleic  acid 

Isooleic  acid 

48.6) 
13.9  j 

62.5 

48.0) 
14.2  J 

62.2 

f?:tl62-0 

62.2 

45.0] 
13.6  ! 

[  58.6 

46.0) 

12.8) 

58.8 

46.2  ) 
12.8) 

59.0 

58.8 

59.0 

59.0 

59.5 

59.2 

Linoleic  acid 

9.8 

10.1 

10.0 

10.0 

11.7 

11.6 

11.5 

11.6 

11.5 

11.5 

11.3 

11.4 

Saturated  acids 

27.7 

28.0 

28.0 

27.9 

29.7 

29.6 

29.5 

29.6 

29.5 

29.5 

29.2 

29.4 

Table  II.  List  of  Determined  Values  for  Liquid  and  Solid  Acids 


, —  C. 

P. 

Long - . 

^J. 

J. 

Vollertsen 

, — 

M. 

L.  1 

Sheely—^ 

. - W. 

H. 

Irwin - s 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

Iodine  number  of  sample 

70. 

8 

70 

.8 

70 

,7 

70. 

7 

70.8 

70. 

7 

70 

.8 

70 

.8 

70. 

.8 

70. 

.6 

70. 

.7 

70. 

.6 

Thiocyanogen  number  of  sample 

59. 

4 

59 

.6 

59. 

8 

60. 

7 

60.2 

60. 

0 

59 

3 

59. 

.1 

59. 

3 

60. 

6 

60. 

6 

60. 

8 

Iodine  number  of  fatty  acids 

74. 

1 

74. 

.1 

74. 

0 

73. 

7 

73.7 

73. 

6 

73. 

8 

73. 

8 

73. 

8 

73. 

9 

73. 

9 

73. 

9 

Thiocyanogen  number  of  fatty  acids 

62. 

2a 

62. 

.5“ 

62. 

7“ 

63. 

0 

64.0 

63. 

2 

62 

.9 

63 

.1 

63 

.3 

63 

.5“ 

63 

.5° 

63 

.7“ 

Solid  fatty  acids  (Twitchell),  % 

45. 

0 

41 

.5 

43. 

.9 

42. 

5 

42.4 

42. 

6 

42. 

.4 

41, 

.9 

42. 

5 

41. 

6 

42. 

2 

41. 

6 

Iodine  number  of  solid  fatty  acids 

32. 

3 

31 

.5 

30. 

2 

29. 

2 

29.4 

29. 

8 

29. 

9 

29. 

0 

29. 

4 

30. 

0 

30. 

1 

29. 

5 

Thiocyanogen  number  of  solid  fatty  acids 

31. 

9 

28. 

.2 

30. 

1 

28. 

6 

28.2 

28. 

4 

29. 

4 

28. 

3 

29. 

0 

29. 

7 

28. 

7 

28. 

6 

a  Calculated  from  thiocyanogen  value  of  glycerides. 


Determination  of  the  Thiocyanogen  Number  ( 1 ).  Weigh 
0.1  to  0.3  gram  of  oil  accurately  into  a  dry  125-cc.  glass-stoppered 
Erlenmeyer  flask.  Add  from  a  pipet  25  ec.  of  thiocyanogen  solu¬ 
tion  and  allow  to  stand  for  24  hours  in  the  dark.  The  storage 
place  should  be  from  18.33°  to  21.11°  C.  (65°  to  70°  F.)  in  tem¬ 
perature  and  should  not  exceed  21.11°  C.  (70°  F.)  for  any  length 
of  time.  The  size  of  the  sample  is  governed  largely  by  the  ex¬ 
pected  thiocyanogen  absorption.  The  excess  thiocyanogen 
should  be  at  least  100  per  cent  and  preferably  less  than  150  per 
cent  of  the  amount  absorbed  by  the  oil,  although  a  greater  excess 
seems  to  do  no  harm.  At  the  end  of  24  hours,  1  gram  of  dry 
powdered  potassium  iodide  is  added  and  the  flask  swirled  rapidly 
for  2  minutes.  It  is  advisable  to  agitate  the  blank  determination 
for  3  minutes.  (Mechanical  agitation  such  as  is  employed  for 
iodine  values  is  found  very  satisfactory  for  thiocyanogen  values.) 
Then  add  30  cc.  of  distilled  water  and  titrate  the  liberated  iodine 
with  0.1  N  sodium  thiosulfate,  using  starch  as  an  indicator.  At 
least  three  blanks  should  be  run  with  the  samples.  The  solution 
should  also  be  titrated  at  the  beginning  of  the  24-hour  period. 
If  the  drop  is  more  than  0.2  cc.  on  the  blank  titrations,  the  solu¬ 
tion  is  decomposing  too  rapidly  and  erratic  and  low  figures  will 
be  the  result. 

T.v.  = 

|  (blank  titration  —  titration  of  sample)  X  (normality  of  Na;S2Q3)  X  12.69 

weight  of  sample 

or  the  calculation  may  be  expressed  as  follows: 

T.V.  = 

(blank  titration  —  titration  of  sample)  X  NasSaCh  factor  (I.V.)  X  100 

weight  of  sample 

when  the  sodium  thiosulfate  factor  (I.V.)  is  expressed  as  grams  of  I2  per  cc. 

Iodine  Number  Determination.  An  iodine  number  must  be 
determined  on  the  fat  by  the  regular  Wijs  method. 

Calculation  of  Fat  Composition.  The  following  calcula¬ 
tions  are  to  be  used  when  the  iodine  number  and  thiocyanogen 
number  are  determined  on  the  fat  directly  and  it  is  desired  to 
express  the  percentages  of  the  various  acids  as  glycerides.  In 
these  formulas  no  unsaturation  greater  than  linoleic  is  assumed  to 
be  present. 

I.V.  =  iodine  number  of  the  oil 
T.  V.  =  thiocyanogen  number  of  the  oil 
S.G.  =  per  cent  of  saturated  glycerides 
O.G.  =  per  cent  of  oleic  glycerides 
L.G.  =  per  cent  of  linoleic  glycerides 

Then 

L.G.  =  1.154  (I.V  -  T.V.) 

O.G.  =  1.162  (2 T.V.  -  I.V.) 

S.G.  =  100%  -  (L.G.  +  O.G.) 


When  the  iodine  number  and  thiocyanogen  number  have  been 
determined  directly  or  indirectly  on  the  free  fatty  acids  of  the 
oil,  the  percentages  of  the  various  acids  may  be  determined,  not  as 
glycerides  but  as  per  cent  of  acid,  in  the  following  manner: 

%  L.A.  =  1.104  (I.V.  -  T.V.) 

%  O.A.  =  1.112  (2  T.V.  -  I.V.) 

%  S.A.  =  100%  -  %(L.A.  +  O.A.) 

Notes  and  Observations.  All  glassware  and  chemicals  used 
in  the  preparation  or  handling  of  thiocyanogen  solutions  must  be 
absolutely  free  from  water.  The  glassware  should  be  scrupu¬ 
lously  cleaned  with  cleaning  solution,  water,  alcohol,  and  ether 
and  then  dried  for  1  to  2  hours  in  an  oven  at  105°  C. 

The  thiocyanogen  solution  should  not  be  exposed  to  air,  heat, 
or  light  for  any  length  of  time. 

The  0.2  N  thiocyanogen  solution  cannot  be  used  after  its  de¬ 
composition  exceeds  0.2  cc.  of  0.1  N  sodium  thiosulfate  for  25  cc. 
over  a  period  of  24  hours.  This  rate  of  decomposition  should  not 
be  exceeded  in  less  than  7  days. 

Liquid  and  Solid  Fatty  Acids:  Modified  Twitchell 

Separation 

Preparation  of  Mixed  Fatty  Acids.  Saponify  in  a  600-cc. 
beaker  about  25  grams  of  the  melted  oil  sample  with  about  15 
grams  of  potassium  hydroxide  dissolved  in  a  small  amount  of 
water  and  25  cc.  of  95  per  cent  alcohol.  Bring  to  dryness  on 
steam  bath  or  hot  plate.  (Care  should  be  taken  not  to  burn 
the  soap.)  Add  to  the  soap  about  200  cc.  of  distilled  water,  heat 
on  steam  bath  until  soap  is  dissolved,  and  add  concentrated  hy¬ 
drochloric  acid  while  stirring  until  soap  is  completely  broken  up. 
A  small  strip  of  litmus  will  show  when  mixture  has  been  acidu¬ 
lated.  Heat  the  solution  containing  curds  of  fatty  acids  on 
steam  bath  or  hot  plate  until  they,  together  with  the  entire  con¬ 
tents  of  beaker,  will  pour  freely  into  a  500-cc.  separatory  funnel. 
Transfer  should  be  aided  with  100  to  150  cc.  of  ethyl  ether. 
Fatty  acid-ether  solution  must  then  be  washed  free  of  acid  with 
distilled  water.  Usually  three  washings  are  sufficient,  but  tests 
of  wash  water  with  methyl  orange  indicator  should  be  made. 
Separation  of  water  from  fatty  acid-ether  solution  should  be 
made  as  close  as  possible  to  ensure  absence  of  water  in  the  mixed 
fatty  acid  sample.  After  washing  free  of  acid,  filter  fatty  acid- 
ether  solution  through  paper  into  a  250-cc.  Soxhlet.  Evaporate 
all  trace  of  ether  on  steam  bath  under  a  current  of  inert  gas. 
(Use  precaution  to  prevent  oxidation  of  fatty  acid.) 

Separation  of  Solid  from  Liquid  Fatty  Acids  ( 3 ).  From 
the  ether-free  mixed  fatty  acids,  weigh  accurately  into  a  250-cc. 
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Table  III.  Detailed  Data  of  Cooperative  Work  on  Liquid  and  Solid  Fatty  Acids 


✓ — C.  P.  Long - '  ' — J.  J.  Vollertsen — ■*  / W.  H.  Irwin n  - — M.  L.  Sheely — ' 

123123123123 


Thiocyanogen  Analyses 


Iodine  number  of  sample 

70. 

8 

70. 

8 

70. 

7 

70. 

ly 

( 

70. 

8 

70. 

7 

70. 

6 

70. 

7 

70. 

6 

70. 

8 

70. 

8 

70. 

8 

Thiocyanogen  number  of  sample 

59. 

4 

59. 

6 

59. 

8 

60. 

7 

60. 

2 

60. 

0 

60. 

6 

60. 

6 

60. 

8 

59. 

3 

59. 

1 

59. 

3 

Oleic  glycerides,  % 

55. 

8 

56. 

2 

56. 

8 

58. 

9 

57. 

6 

58. 

1 

58. 

8 

58. 

7 

59. 

3 

56 . 

3 

55 . 

2 

55. 

5 

Linoleic  glycerides,  % 

13. 

2 

12. 

9 

12. 

6 

11. 

5 

12. 

2 

12. 

3 

11. 

5 

11. 

6 

11. 

3 

13. 

0 

13. 

5 

13. 

3 

Saturated  glycerides,  % 

31. 

0 

30. 

9 

30. 

6 

29. 

6 

30. 

2 

29. 

6 

29. 

7 

29. 

7 

29. 

4 

30. 

7 

31. 

3 

31. 

2 

Twitchell  Analyses 

(P. 

& 

G.) 

Iodine  number  of  mixed  fatty  acids 

74. 

1 

74. 

1 

74. 

0 

73. 

7 

73. 

7 

73. 

6 

73. 

9 

73. 

9 

73. 

9 

73. 

8 

73. 

8 

73. 

8 

Iodine  number  of  solid  fatty  acids  (detd.) 

32. 

3 

31. 

5 

30. 

2 

29. 

2 

29. 

4 

29. 

8 

30. 

0 

30. 

1 

29. 

5 

29. 

9 

29. 

0 

29. 

4 

Iodine  number  of  unsaturated  fatty  acids  (calcd.) 

104. 

.1 

101. 

5 

104. 

5 

103 

.  5 

103 

.4 

103 

.0 

102 

.3 

102 

.7 

102 

.6 

102 

.9 

103 

.0 

103 

.3 

Solid  fatty  acids  (detd.),  % 

45 

0 

41. 

5 

43. 

9 

42. 

5 

42 

.4 

42 

6 

41 

.6 

42 

.2 

41 

.6 

42 

.4 

41 

.9 

42 

.5 

Liquid  fatty  acids  (calcd.),  % 

55. 

0 

58. 

5 

56 . 

1 

57. 

.  5 

57. 

6 

57 

4 

58 

.4 

57 

.8 

58. 

.4 

57. 

.6 

58 

.1 

57 

5 

Saturated  fatty  acids  (calcd.),  % 

28. 

.8 

27. 

0 

29. 

2 

28. 

.7 

28. 

6 

28. 

5 

27. 

.  7 

28 

.0 

28. 

.0 

28. 

.3 

28 

.4 

28 

.6 

Isooleic  acid  (calcd.),  % 

16. 

.2 

14. 

5 

14. 

7 

13 

.8 

13. 

8 

14. 

1 

13. 

.9 

14 

.2 

13. 

.6 

14 

.1 

13. 

.  5 

13 

.9 

Linoleic  acid  (calcd.),  % 

11. 

.0 

9. 

.2 

11. 

3 

10. 

4 

10. 

3 

10. 

4 

9 

.8 

10. 

.  1 

10. 

.0 

10 

2 

10 

2 

10 

.5 

Oleic  acid  (calcd.),  % 

44. 

0 

49. 

3 

44. 

8 

47. 

.1 

47. 

3 

47. 

0 

48 

.6 

47. 

.8 

48. 

.4 

47. 

A 

47. 

,9 

47. 

.0 

Twitchell  and 

Thiocyanogen  Analyses, 

Calculated 

by  Sheely’s  Method 

Iodine  number  of  solid  fatty  acids 

32 

.3 

31 

.  5 

30 

.2 

29 

.2 

29 

.4 

29 

.8 

30 

.0 

30 

.1 

29 

.5 

29 

.9 

29 

.0 

29 

.4 

Thiocyanogen  number  of  solid  fatty  acids 

31 

.9 

28 

.2 

30 

.  1 

28 

.6 

28 

.2 

28 

.4 

29 

.  7 

28 

.7 

28 

.6 

29 

.4 

28 

.3 

29 

.0 

Solid  fatty  acids  (uncorrected),  % 

45 

.0 

41 

.5 

43 

.9 

42 

.5 

42 

.4 

42 

6 

41 

.6 

42 

.2 

41 

.6 

42 

.4 

41 

.9 

42 

.5 

Liquid  fatty  acids  (uncorrected),  % 

55 

.0 

58 

.  5 

56 

.  1 

57 

.5 

57 

.6 

57 

.4 

58 

.4 

57 

.8 

58 

.4 

57 

.6 

58 

.1 

57 

.  5 

Unsaturated  acids  by  (SCNfi,  % 

69 

.0 

69 

.1 

69 

.4 

70 

.4 

69 

.8 

70 

.4 

70 

.3 

70 

.3 

70 

.6 

70 

.1 

70 

.1 

70 

.3 

Linoleic  acid  in  solid  fatty  acids,  % 

0 

.2 

1 

.  5 

0 

.0 

0 

.3 

0 

.6 

0 

.  7 

0 

.2 

0 

.6 

0 

.4 

0 

.2 

0 

.3 

0 

2 

Oleic  acid  in  solid  fatty  acids,  % 

15 

.8 

11 

.  5 

14 

.6 

13 

.2 

12 

.  7 

12 

.8 

13 

.6 

12 

.8 

12 

.8 

13 

.7 

12 

.5 

13 

5 

Solid  saturated  acids,  % 

29 

.0 

28 

.  5 

29 

.3 

29 

.0 

29 

.1 

29 

.1 

27 

.8 

28 

.7 

28 

.4 

28 

.  5 

29 

.1 

28 

.8 

Saturated  acids  in  liquid  acids,  % 

2. 

.0 

2. 

4 

1 

.3 

1 

.0 

1 

.6 

1. 

.1 

1 

.8 

0 

.9 

1 

.1 

1 

.4 

0 

.8 

0 

.9 

Total  saturated  acids,  % 

31. 

0 

30. 

9 

30. 

6 

30. 

0 

30. 

7 

30. 

2 

29. 

.7 

29. 

.7 

29. 

,4 

29. 

.9 

29 

.9 

29 

.7 

beaker  a  sample  that  will  give  ap¬ 
proximately  1.2  ±  0.3  grams  of 
solid  fatty  acids.  The  sample 
weight  should  never  exceed  5 
grams.  Weigh  1.5  grams  of 
powdered  lead  acetate  into  an¬ 
other  beaker.  Add  to  each  about 
50  cc.  of  95  per  cent  alcohol,  cover 
with  watch  glasses,  and  bring  both 
to  boil  on  hot  plate  or  steam  bath. 
Transfer  the  hot  alcoholic  lead 
acetate  to  the  alcoholic  fatty  acids, 
stirring  continually  with  a  glass 
stirring  rod  which  may  be  left  in 
sample  to  aid  later  in  filtration. 
Cool  to  room  temperature  and 
place  in  ice  bath  at  15°  C.  for  2 
hours  or  in  ice  box  at  approxi¬ 
mately  15°  C.  overnight.  Filter 
through  7.5-cm.  (3-inch)  Buchner 
funnel  which  has  filter  paper  cut 
to  fit  snugly.  Suction  should  be 
used  to  aid  filtration.  Use  200  cc. 
of  95  per  cent  alcohol  cooled  to 
15°  C.  to  transfer  lead  soaps  from 
beaker  to  Buchner  and  in  wash¬ 
ing.  After  alcohol  has  filtered 
from  the  lead  soaps,  transfer  them 
quantitatively  back  to  the  original 
beaker,  using  about  100  cc.  of 
warm  95  per  cent  alcohol  to  aid 
the  transfer.  Make  0.5  per  cent 
acetic  acid  with  glacial  acetic  acid. 

Before  discarding  filtrate,  make  a  test  for  excess  lead  acetate  by 
adding  a  few  drops  of  concentrated  sulfuric  acid  to  about  50  cc.  of 
the  filtrate.  Absence  of  cloudiness  shows  the  sample  of  fatty 
acids  wras  too  large  and  present  sample  is  of  no  value ;  therefore, 
it  will  be  necessary  to  weigh  a  smaller  sample  of  mixed  fatty  acids 
and  apply  the  same  procedure.  If  there  is  an  excess  of  lead  ace¬ 
tate,  continue  with  present  sample  by  bringing  it  to  a  boil  on  hot 
plate,  stirring  occasionally  to  assure  solution  of  the  lead  soaps. 
Cool  to  room  temperature,  then  in  ice  bath  at  15°  C.  for  2  hours 
or  in  ice  box  overnight.  Filter  through  Buchner,  using  suction 
and  200  cc.  of  15°  C.  95  per  cent  alcohol  as  in  first  filtration. 
After  lead  soaps  are  drawn  free  of  alcohol,  transfer  them  quanti¬ 
tatively  to  original  beaker,  using  ethyl  ether  to  aid  (about  75  cc.). 
Break  up  lead  soaps  by  adding  20  cc.  of  1  to  3  nitric  acid.  Trans¬ 
fer  to  a  500-cc.  separatory  funnel,  using  ethyl  ether  to  aid.  An 
extra  5-cc.  portion  of  1  to  3  nitric  acid  may  be  used  to  advantage 
in  removing  the  last  trace  of  sample  from  the  beaker.  Wash 
ether  with  distilled  water  until  neutral  to  methyl  orange.  Trans¬ 
fer  ether  to  a  tared  150-cc.  Soxhlet  and  wash  all  traces  of  solid 
fatty  acids  into  the  Soxhlet  with  ether.  Evaporate  ether  on 
steam  bath  under  a  current  of  inert  gas.  Dry  in  an  oven  at 
103°  C.  for  1  hour,  remove,  cool,  and  weigh.  See  that  no  water 
is  in  sample.  It  is  well  to  be  sure  of  constant  weight  by  returning 
to  oven  a  second  time  for  30  minutes. 


Figure  2.  Apparatus 
for  Determination  of 
Melting  Point 


Weight  of  solid  acids  X  100 
Weight  of  sample 


per  cent  of  solid  fatty  acids 


Iodine  and  Thiocyanogen  Determinations  of  Separated 
Solid  Acids.  Determine  these  values  by  the  regular  Wijs 
method  for  iodine  number  and  by  the  thiocyanogen  value  method 
recommended  by  this  committee. 

From  these  values,  calculate  the  component  acids  according  to 
the  following  formulas: 


Let  I.N.  =  iodine  number  of  solid  acids 

T.N.  =  thiocyanogen  number  of  solid  acids 
C  =  per  cent  of  solid  acids  uncorrected 
D  =  per  cent  of  liquid  acids  uncorrected 
E  =  per  cent  of  unsaturated  acids  by  thiocyanogen  method 
Linoleic  acid  in  solid  acids  =  1.104  (I.N.  —  T.N.)  X  C  =  L.A. 

Oleic  acid  in  solid  acids  =  1.112  (2  T.N.  —  I.N.)  X  C  =  O.A. 

Then  solid  saturated  acids  =  C  —  (L.A.  +  O.A.) 

Then  saturated  acids  in  liquid  acids  =  D  +  (L.A.  +  O.A.)  —  E 
Total  saturated  acids  =  per  cent  of  solid  acids  (as  found)  —  (oleic  in  solid 
acid  +  linoleic  in  solid  acid)  -f  saturated  acids  in  liquid  acids 
Total  unsaturated  acids  =  100  —  total  saturated  acids 


(total  unsaturated  acids  X  181)  —  I.V.M.F.A.  X  100) 

Total  oleic  acid  = - - 

91 

0) 

Total  linoleic  acid  =  total  unsaturated  acids  —  total  oleic  acid 

Formula  1  is  derived  as  follows: 

Y  =  total  unsaturated  acids 
X  =  total  oleic  +  isooleic  acids 
Y  —  X  =  total  linoleic  acid 

Z  =  iodine  value  of  mixed  fatty  acids 
90  =  iodine  value  of  oleic  acid 
181  =  iodine  value  of  linoleic  acid 

90X  +  181(7  -  X)  =  100 Z 

1817  -  100Z 

X  =  - 

91 

Iodine  and  thiocyanogen  values  for  mixed  fatty  acids  can  be 
computed  from  the  corresponding  values  of  the  neutral  glycerides 
(under  1  per  cent  free  fatty  acids)  by  making  use  of  a  factor  de¬ 
rived  from  the  molecular  weight  of  the  glycerides.  The  average 
molecular  weight  of  the  glycerides  can  be  determined  by  use  of  the 
saponification  number. 

The  calculations  of  constituent  acids  are  based  on  the  assump¬ 
tion  that  no  acids  more  unsaturated  than  linoleic  are  present. 


Detection  of  Foreign  Fats  Containing  Tristearin 
in  Unhydrogenated  Pork  Fats 

A.  O.  A.  C.  Method  Modified.  Weigh  5  grams  of  the  filtered 
fat  into  a  glass-stoppered  cylinder  graduated  to  25  cc.  and  add 
warm  acetone  until  the  25-cc.  mark  is  reached.  Shake  the 
cylinder  until  the  contents  are  thoroughly  mixed  and  allow  to 
stand  where  a  temperature  of  30°  C.  is  maintained.  After  18 
hours,  remove  the  cylinder  and  carefully  decant  the  supernatant 
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acetone  solution  from  the  crystallized  glycerides  which  are  usually 
found  in  a  firm  mass  at  the  bottom  of  the  cylinder.  Add  warm 
acetone  in  3  portions  of  5  cc.  each  from  a  small  wash  bottle,  taking 
care  not  to  break  up  the  deposit  while  washing,  and  decant  the 
first  2  portions.  Actively  agitate  the  third  portion  in  the  cylin¬ 
der,  and  by  a  quick  movement  transfer  with  the  crystals  to  a 
small  filter  paper.  Using  the  wash  bottle,  wash  the  crystals  with 
5  successive  small  portions  of  the  warm  acetone,  and  remove  the 
excess  acetone  by  suction.  Transfer  the  paper  with  its  contents 
to  a  suitable  place,  spread  out,  and  break  up  by  gentle  pressure 
any  large  lumps  of  the  glycerides.  When  dry,  thoroughly  com¬ 
minute  the  mass  and  determine  the  melting  point  of  the  crystals 
in  a  closed  1-mm.  tube  as  follows,  using  apparatus  as  shown  in 
Figure  2. 

Heat  the  water  in  the  beaker  rapidly  to  about  55°  C.  and  main¬ 
tain  this  temperature  until  the  thermometer  carrying  the  melting 
point  tube  registers  50°  to  55°  C.;  then  heat  again  and  carry  the 
temperature  of  the  outer  bath  somewhat  rapidly  to  67°  C.  Re¬ 
move  the  burner.  The  melting  point  is  reached  when  the  fused 
substances  become  perfectly  clear  and  transparent.  A  dark 
background  placed  about  10  cm.  (4  inches)  from  the  apparatus 
will  be  helpful. 

After  determining  the  melting  point,  transfer  the  crystallized 


glycerides  to  a  50-cc.  beaker,  add  25  cc.  of  approximately  0.5  N 
alcoholic  potassium  hydroxide,  and  heat  on  a  steam  bath  until 
saponification  is  complete.  Pour  the  solution  into  a  separatory 
funnel  containing  200  cc.  of  water,  acidify,  add  75  cc.  of  ether,  and 
shake.  Draw  off  the  acid  layer  and  wash  at  least  3  times  with 
water.  Transfer  the  ether  solution  to  a  clean,  dry  50-ce.  beaker, 
drive  off  the  ether  on  a  steam  bath,  and  finally  dry  the  acids  at 
100°  C.  After  about  2  hours,  determine  the  melting  point  as  di¬ 
rected  above.  If  the  melting  point  of  the  glycerides,  plus  twice 
the  difference  between  the  melting  point  of  the  glycerides  and  the 
melting  point  of  the  fatty  acids,  is  less  than  73°  C.,  the  pork  fat 
is  regarded  as  adulterated. 
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Indicators 

I.  M.  KOLTHOFF,  University  of  Minnesota,  Minneapolis,  Minn. 


TWO  years  ago  a  symposium  on  indicators  was  held  by 
the  Division  of  Physical  and  Inorganic  Chemistry,  and 
it  is  questionable  whether  anything  can  be  added  to  what 
was  said  at  that  time.  This  paper  will  consider  the  future 
development  of  the  subject. 

Virtually  all  the  indicators  used  in  volumetric  analysis, 
and  in  the  determination  of  pH,  are  organic  substances.  In 
classifying  indicators  we  may  distinguish  (1)  acid-base 
indicators,  (2)  oxidation-reduction  indicators,  (3)  adsorption 
indicators,  and  (4)  specific  indicators  for  ion-combination 
reactions. 


Acid-Base  Indicators 

An  acid-base  indicator  involves  the  conjugated  system 
Ia  lb  -\-  H+,  Ia  being  the  donor  of  the  proton  and  h  the 
acceptor. 

A  great  many  indicators  with  acid-base  properties  are 
available  at  present,  and  there  is  no  pressing  need  of  develop¬ 
ing  new  ones  as  far  as  volumetric  analysis  is  concerned.  The 
case  is  different  with  regard  to  the  determination  of  pH. 
At  the  outset  it  should  be  made  clear  what  we  mean  by  pH. 
Strictly  speaking,  the  pH  is  the  negative  logarithm  of  the 
hydrogen-ion  concentration.  However,  in  the  colorimetric 
determination  of  pH  we  usually  compare  the  color  of  the  test 
solution  containing  indicator  with  that  of  the  indicator  in 
a  buffer  solution  whose  hydrogen-ion  activity  has  been  de¬ 
termined  potentiometrically.  Neglecting  the  salt  error,  we 
say  that  equicolored  solutions  of  the  indicator  have  the  same 
paH,  or  the  same  hydrogen-ion  activity.  In  some  cases  it 
would  be  of  importance  to  know  the  hydrogen-ion  concentra¬ 
tion  as  well. 

Quantitatively  the  following  relations  exist : 

(aH  +)  (ah)  (cH+)(cIb)Mib 

(a/a)  (C/a)  fla  1  [  ) 


Ki  is  the  thermodynamic  ionization  constant  of  the 
indicator — i.  e.,  its  value  is  constant,  independent  of  the  ionic 
strength.  From  Equation  1  it  is  seen  that 


(cH+)  =  Ki 


(c/q)  fig  _  (c/q) 
(c/i,)  fufrb  (eh) 


K,c 


(2) 


(c/a) 

In  a  colorimetric  pH  determination  is  found  experi¬ 
mentally.  Hence  when  the  “concentration  ionization  con¬ 
stant,”  Kic,  is  known  (cH  ~)  can  be  calculated.  The  value 
of  Kic  varies  with  the  ionic  strength  of,  and  the  kind  of  ions 
in  the  solution,  and  with  the  type  of  indicator  used. 

From  Equations  1  and  2  it  is  seen  that 


Ki  =  K,  lll- 
fnfib 


(3) 


As  a  rule  it  is  possible  to  determine  Kic  in  an  exact  way  for 
different  salts  as  a  function  of  the  ionic  strength.  Such  data 
can  be  tabulated  and  used  when  necessary.  Ordinarily  the 
method  has  a  very  limited  application,  since  the  concentra¬ 
tions  of  the  various  ions  constituting  the  ionic  strength  are 
generally  not  known  and  in  addition  we  may  be  dealing  with 
complicated  salt  mixtures  in  which  Kic  is  unknown. 

Considering  Equation  3,  we  can  predict  the  order  of  magni¬ 
tude  of  the  change  of  Kic  with  varying  ionic  strength  for 
different  types  of  indicators.  If  I  a  is  a  monovalent  cation 
and  lb  the  corresponding  uncharged  indicator  base,  fia 
represents  the  activity  coefficient  of  the  monovalent  indicator 
cation, /h  that  of  the  monovalent  hydronium  ion,  and  fib  that 
of  the  uncharged  indicator  base.  At  low  ionic  strengths//;, 
will  be  practically  equal  to  unity,  whereas  fia  will  be  approxi¬ 
mately  equal  to/H,  since  Ia  and  11  have  the  same  charge. 
Therefore,  we  may  expect  that  over  a  limited  range  of  ionic 

fl 

strength  from  zero  to  a  certain  finite  value  rrA-  will  remain 

jEjlb 

equal  to  1  and  Kic  will  remain  constant  and  equal  to  Ki. 
Thus  an  indicator,  the  uncharged  form  of  which  is  a  base  and 
the  acid  form  of  which  is  a  monovalent  cation,  should  be 
particularly  suitable  for  the  colorimetric  determination  of 
the  hydrogen-ion  concentration  at  low  ionic  strengths.  At 
present  such  indicators  are  hardly  used  for  pH  work.  The 
methoxy-triphenylcarbinols  are  brilliant  indicators  of  the 
above  type,  but  unfortunately  they  are  not  commercially 
available.  From  the  foregoing,  then,  we  may  state  that  for 
the  future  development  of  the  colorimetric  method  for  the 
determination  of  the  hydrogen-ion  concentration,  a  system- 
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atic  study  should  be  made  of  the  indicator  properties  of  in¬ 
dicator  dyes,  the  uncharged  forms  of  which  are  bases. 

The  activity  of  the  hydrogen  ions  can  be  determined  poten- 
tiometrically.  Although  it  is  impossible  to  measure  an  in¬ 
dividual  ion  activity  in  an  exact  way,  it  is  possible  to  approach 
the  value  very  closely.  In  hydrogen-ion  work  the  data  ob¬ 
tained  with  the  hydrogen  electrode  are  considered  to  be 
standard  values,  and  the  paH  values  of  buffers  used  in  colori¬ 
metric  determinations  have  been  found  in  this  way. 

Considering  two  solutions  having  hydrogen-ion  activities  of 
(aH+)i  and  (aH+)2,  which  impart  the  same  color  to  a  certain 
indicator,  it  is  found  from  Equation  1  that 


since  C~r  is  the  same  in  both  solutions.  The  logarithm  of  the 
Clb 

above  ratio 


paH2  —  paHi  =  ApaH  =  log 


(£),-“*(£),  <5> 


is  usually  called  the  salt  error  of  the  indicator,  and  is  equal 
to  the  difference  of  the  logarithms  of  the  ratios  of  the  activity 
coefficients  of  the  acid  and  basic  form  of  the  indicator  in 
both  solutions.  Assuming  that  the  limiting  Debye-Huckel 
expression  holds,  we  find  that  —log  /  =  0.5  z2  Vm  in  which  p 
is  the  ionic  strength  and  z  the  valence  of  the  ion.  In  case  I  a 
is  an  uncharged  acid,  h  will  be  a  monovalent  anion.  Accord¬ 
ing  to  Equation  5 

ApaH  =  -log  fibt  +  log  fibi  =  0.5  -  VVi} 


In  case  lb  is  an  uncharged  base,  la  is  a  monovalent  cation. 
Numerically  the  salt  error  will  be  the  same  as  in  the  above 
case  but  will  have  the  opposite  sign : 

ApaH  =  0.5  {  i  —  VS  } 

If  la  is  a  monovalent  anion  and  lb  is  a  divalent  anion,  it  is 
easily  derived  that 

ApaH  =  1.5  {VS  —  V7n} 

Thus  assuming  that  the  limiting  Debye-Huckel  expression 
holds,  it  is  found  that  the  salt  error  is  three  times  greater  for 
the  indicator  whose  acid  form  is  a  monovalent  anion  than  for 
an  indicator  whose  acid  form  is  uncharged.  Actually  it  is 
found  that  the  salt  error  of  the  nitrophenols  which  are  un¬ 
charged  acids  is  of  the  order  of  three  tunes  smaller  than  that 
of  the  phthaleins  and  the  sulfophthaleins,  the  acid  form  of  the 
latter  two  types  being  a  monovalent  anion  and  the  alkaline 
form  a  divalent  anion.  It  may  be  expected  that  the  salt 
error  of  the  sulfophthaleins  could  be  reduced  materially 
by  eliminating  the  sulfonic  acid  group.  The  benzeins  so 
obtained  behave  as  uncharged  indicator  acids  and  show  bril¬ 
liant  color  changes  similar  to  those  of  the  sulfophthaleins. 
Unfortunately,  the  benzeins  are  only  extremely  slightly 
soluble  in  water,  and  for  this  reason  are  unsuitable  for  colori¬ 
metric  measurements  in  aqueous  media.  However,  it  should 
be  possible  to  substitute  for  the  sulfonic  group  another  polar 
group  which  has  no,  or  only  very  weak,  electrolyte  character, 
such  as  an  amino  group,  an  aliphatic  hydroxyl  group,  etc. 
These  substituted  benzeins  may  be  expected  to  have  a  suffi¬ 
cient  solubility  in  water  to  be  useful  as  indicators,  they  should 
have  indicator  constants  of  the  same  order  as  the  correspond¬ 
ing  sulfophthaleins  and  show  similar  bright  color  changes, 
but  their  salt  error  should  be  about  three  times  smaller 
than  that  of  the  sulfophthaleins. 

Finally  it  should  be  noted  that  the  salt  error  could  be  re¬ 


duced  to  zero  if  the  activity  coefficients  of  the  acid  and 
alkaline  forms  would  change  in  the  same  manner  with  varying 
ionic  strength.  This  case  is  approached  with  an  indicator, 
the  acid  form  of  which  is  a  hybrid  (Zwitter)  ion  and  the  alka¬ 
line  form  a  monovalent  anion,  as  for  example  with  methyl 
orange.  The  indicator  equilibrium  can  be  represented  by  the 
equation 

+h3nrso3-  h2nrso3-  +  H+ 

acid  alkaline 

red  yellow 

<aH*> "  m  K '  r-  <6) 

Over  a  relatively  wide  range  of  ionic  strengths  "f~  changes 
in  the  same  way  as  f~.  Hence  Equation  6  reduces  to  the 
following : 

(7) 

Therefore,  in  a  search  for  indicators  having  a  negligibly 
small  salt  correction  at  moderate  ionic  strengths,  we  should 
seek  those  substances,  the  acid  or  basic  form  of  which  is  a 
hybrid  ion  of  the  above  type.  It  thus  appears  that  by  a 
rational  combination  of  organic  and  physico-chemical  prin¬ 
ciples  valuable  additions  to  the  existing  list  of  pH  indicators 
can  be  anticipated. 

Oxidation-Reduction  Indicators 

Little,  if  any,  application  in  volumetric  analysis  has  been 
made  of  the  brilliant  researches  by  W.  M.  Clark  and  his 
cooperators  and  by  L.  Michaelis.  They  have  provided  us 
with  a  series  of  oxidation-reduction  indicators  of  low  oxida¬ 
tion  potentials  which  should  be  useful  in  titrations  with  strong 
reducing  agents,  such  as  titanous,  chromous,  or  stannous 
chlorides.  From  the  oxidation  potential  of  the  constituent 
titrated,  and  that  of  the  reducing  agent,  it  is  possible  to 
calculate  the  potential  at  the  equivalence  point  and  the  change 
of  the  potential  in  the  vicinity  of  this  point.  Theoretically, 
therefore,  it  is  possible  to  calculate  the  range  of  oxidation 
potentials  in  which  that  of  an  indicator  must  be  located  to  be 
suitable.  In  the  selection  of  the  proper  indicator  upon  such 
theoretical  considerations,  one  should  realize  that  in  most 
cases  the  location  of  the  equivalence  potential  of  a  titration 
depends  upon  the  hydrogen-ion  concentration  and  the  ionic 
strength  of  the  medium.  Moreover,  a  specific  effect  of  anions 
or  cations  upon  the  oxidation  potential  of  the  constituent 
titrated,  or  upon  that  of  the  reagent,  or  upon  both,  is 
frequently  found,  usually  as  a  result  of  complex  formation. 
Thus,  the  suitable  range  of  oxidation  potentials  in  which  the 
color  change  must  occur  becomes  a  function  of  the  medium. 
Considering  oxidation-reduction  indicators,  it  must  be  kept 
in  mind  that  their  oxidized  and  reduced  forms  as  a  rule  are 
donors  (acids)  or  acceptors  (bases)  of  protons.  Their  oxida¬ 
tion  potentials,  therefore,  are  more  or  less  complicated  func¬ 
tions  of  the  hydrogen-ion  concentration  of  the  solution,  and 
in  addition  depend  upon  the  ionic  strength  of  the  medium. 

The  above  considerations  are  not  of  great  practical  conse¬ 
quence  in  cases  where  the  jump  in  potential  near  the  equiva¬ 
lence  point  is  very  pronounced,  but  they  become  of  primary 
importance  when  the  “useful  range”  of  oxidation  potentials 
becomes  small.  In  the  potentiometric  titration  of  a  mixture 
of  oxidizing  or  reducing  agents  with  widely  different  oxidation 
potentials,  the  concentration  of  each  constitutent  is  found 
from  the  successive  breaks  in  potential  which  occur  during 
the  titration.  It  should  be  possible  to  substitute  the  potentio¬ 
metric  titration  by  a  visual  one  if  the  proper  indicators  are 
available.  It  is  particularly  in  these  cases  in  which  the  above- 
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mentioned  factors  affecting  the  location  of  the  equivalence 
potential  and  the  oxidation  potential  of  the  indicator  become 
of  primary  significance.  A  great  deal  of  systematic  research 
must  be  done  before  a  successful  application  of  oxidation- 
reduction  potentials  can  be  expected  in  differential  titrations 
with  strong  reducing  reagents. 

The  analytical  researches  have  concentrated  mainly  upon 
oxidation-reduction  indicators  with  relatively  high  oxidation 
potentials  and  have  yielded  important  results.  Until  about 
ten  years  ago,  when  Knop  proposed  the  use  of  diphenylamine 
as  an  indicator,  no  inside  indicator  was  available  in  the  titra¬ 
tion  of  ferrous  iron  with  an  oxidizing  agent.  Since  then  other 
useful  indicators  have  been  found.  A  list  of  indicators  with 
an  oxidation  potential  higher  than  0.70  volt  with  regard  to 
the  normal  hydrogen  electrode  is  given  in  Table  I. 


Table  I.  Oxidation  Potentials  of  Indicators 


Indicator  System 

Ferrous  nitrophenanthroline- 
ferric  nitrophenanthroline 

Ferrous  phenanthroline-ferric 
phenanthroline 

Porphyrexid-porphyrexine 

Porphyrindine-leucoporphyrin- 

dine 

p-Nitrodiphenylamine-p-nitro- 
diphenyl  violet 

Diphenylbenzidine  sulfonic  acic 
diphenyl  violet 

Diphenylbenzidine-diphenylbei 
zidine  violet 

2,4-Diamino  diphenylamine-2,4 
diamino  violet 

Acetylamino  diphenylamine- 
acetylamine  violet 


Color 

Reduced  Oxidized 


Oxidation  Potential 

form 

form 

1.25  (1  AT  H2SO4) 

Red 

Light  blue 

1.14  (1  N  H2SO4) 

Red 

Light  blue 

0.97  (pH  =  7) 
1.34  (pH  =  0) 

Red 

Colorless 

0.81  (pH  =  7) 

1.2  (pH  =  0) 

Blue 

Colorless 

1.06  (1  N  H2SO4) 

Colorless 

Violet 

0.87  ±0.1 

Colorless 

Violet 

1“ 

0.76  ±0.1 

Colorless 

Violet 

0.70  (1  N  H2SO4) 

Colorless 

Red 

0.69 

Colorless 

Green-blue 

The  systems  porphyrexid-porphyrexine  and  porphyrindine- 
leucoporphyrindine  have  been  studied  recently  by  Kuhn  and 
Franke  (5),  but  their  indicator  properties  in  titrations  have 
not  yet  been  investigated.  The  indicators  belonging  to  the 
diphenylamine  series  (diphenylamine,  diphenylbenzidine,  di¬ 
phenylamine  sulfonic  acid,  diphenylbenzidine  sulfonic  acid) 
give  brilliant  color  changes  from  colorless  to  violet.  Especially 
the  more  soluble  sulfonic  acids  have  proved  to  be  superior  to 
the  unsulfonated  weak  bases.  The  oxidized  forms  of  these 
indicators  have  a  limited  stability  and  are  subject  to  an 
irreversible  oxidation,  especially  in  the  presence  of  a  strong 
oxidizing  agent.  The  triphenyl  methane  dyes  of  Knop  (S), 
such  as  erioglaucin  and  eriogreen,  are  worse  in  this  respect 
and  for  this  reason  are  not  listed.  This  irreversible  reaction 
has  to  be  taken  into  account  in  the  titration  of  strong  oxidizing 
agents,  using  indicators  of  the  diphenylbenzidine  series  to 
detect  the  end  point.  In  this  respect  the  ferrous-ferric 
phenanthroline  system  introduced  by  Walden,  Hammett,  and 
Chapman  ( 9 )  is  far  superior  to  the  diphenylbenzidine  indica¬ 
tors.  However,  it  should  be  realized  that  ferrous  phenanthro- 
line  cannot  be  considered  as  a  substitute  for  the  diphenylben¬ 
zidine  indicators,  since  the  oxidation  potential  of  the  former  is 
0.3  to  0.4  volt  higher  than  that  of  the  latter.  Evidently, 
there  is  still  a  need  for  indicators  with  oxidation  potentials 
between  about  0.7  and  1.1  volts.  These  may  be  found  either 
by  making  a  systematic  study  of  various  organic  compounds, 
or  by  investigating  the  effect  of  the  introduction  of  various 
groups  in  the  existing  indicators.  Hosmer  Stone  has  taken 
up  a  study  of  the  properties  of  semidines  and  benzidines  and 
their  homologs  and  has  found  some  useful  indicators  on  which 
he  will  report  in  the  near  future.  As  far  as  the  introduction  of 
various  groups  is  concerned,  it  may  be  expected  that  this  will 
result  in  a  change  of  the  oxidation  potential  and  of  the  stability 
of  the  oxidized  form.  Hammett,  Walden,  and  Edmonds  (2), 
for  example,  found  that  the  introduction  of  a  nitro  group  in 
diphenylamine  raised  the  potential  by  0.3  volt,  although 
the  oxidized  form  of  this  nitro  indicator  was  found  to  be 
highly  unstable. 


Adsorption  Indicators 

Recently  ( J, '.)  a  review  of  the  properties  of  adsorption  in¬ 
dicators  has  been  given.  From  present  experience  one  would 
conclude  that  the  best  analytical  results  are  obtained  with 
silver  halide  precipitates,  and  with  mercurous  chloride  and 
bromide.  Other  precipitates  seem  to  be  less  suitable,  ap¬ 
parently  because  they  exert  less  deforming  effect  upon  the 
adsorbed  dyes  than  the  precipitates  just  mentioned.  Adsorp¬ 
tion  indicators  have  been  described  in  the  literature  for  the 
titration  of  lead  with  chromate,  sulfate,  molybdate,  and 
ferrocyanide,  and  of  phosphate  with  lead  (10),  but  these 
methods  are  of  minor  importance.  More  promising  is  a 
search  for  indicators  suitable  for  the  titration  of  chloride  in 
relatively  strongly  acid  medium.  Acid  dyes,  the  silver  salts 
of  which  are  slightly  soluble  and  strongly  colored,  and  which 
behave  as  strong  acids,  may  be  expected  to  be  useful.  The 
introduction  of  a  strongly  acid  group,  such  as  the  sulfonic 
acid  group,  into  an  adsorption  indicator,  such  as  fluorescein, 
does  not  lead  to  the  desired  end,  since  even  in  the  presence 
of  the  strong  acid  group  the  highly  colored  silver  compound 
is  the  salt  of  a  weak  acid.  On  the  other  hand,  the  introduction 
of  groups  which  results  in  an  increase  of  the  ionization  constant 
of  the  common  adsorption  indicators — for  example,  of  fluores¬ 
cein — such  as  chlorine  or  nitro  groups,  extends  the  appli¬ 
cability  of  the  indicators  into  a  more  strongly  acid  medium. 
It  is  for  this  reason  that  dichlorofluorescein  has  advantages 
over  fluorescein. 


Specific  Indicators 

If  specific  reagents  were  available  which  would  form  colored 
compounds  instantaneously  with  various  cations  and  anions, 
the  number  of  titration  methods  might  be  extended  almost 
indefinitely.  The  following  indicators  introduced  recently  in 
volumetric  work  may  be  quoted  as  examples : 

Diphenylcarbazone  for  the  titration  of  chloride  or  bromide 
with  silver  ( 1 ). 

Tetrahydroxyquinone  as  indicator  for  barium  in  the  titration  of 
sulfate  (6). 

Zirconium  alizarinate  in  the  titration  of  fluoride. 

a-Naphthoflavone  as  a  reversible  indicator  for  bromine  in  ti¬ 
trations  with  bromate  (7,  8). 

The  systematic  search  for  organic  reagents  specific  for 
inorganic  cations  and  anions,  as  originated  by  F.  Feigl, 
undoubtedly  will  yield  results  of  direct  importance  for  volumet¬ 
ric  analysis. 

Summary 

Possibilities  for  the  further  development  of  acid-base  in¬ 
dicators  for  the  measurement  of  hydrogen-ion  activity  and 
concentration,  of  oxidation-reduction  indicators  at  high  and 
low  oxidation  potentials,  of  adsorption  indicators,  and  of 
specific  indicators  for  volumetric  purposes  have  been  dis¬ 
cussed. 
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Spectrographic  Microdetermination  of  Zinc 
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THE  recent  development  of  interest  in  zinc  as  a  necessary- 
minor  element  in  plant  growth  creates  a  demand  for  an 
analytical  method  capable  of  determining  the  minute  quanti¬ 
ties  of  this  element  that  are  present  in  vegetable  matter.  That 
the  methods  of  spectrography  are  applicable  to  the  deter¬ 
mination  of  small  quantities  of  zinc  has  been  demonstrated 
by  Rogers  (S). 

In  the  method  proposed  by  Rogers,  the  ash  of  the  plant 
material  is  arcked  directly,  after  incorporation  of  the  “refer¬ 
ence  element.”  Since  there  is  a  limit  both  to  the  amount 
of  ash  that  can  be  arcked  conveniently  and  also  to  the  spectro¬ 
graphic  sensitivity  for  zinc,  his  method  has  a  limited  useful¬ 
ness.  Rogers  places  the  lower  limit  at  about  0.002  per  cent 
or  20  parts  per  million  in  the  plant  ash.  Inasmuch  as  the 
concave  grating  spectrograph  used  by  the  authors  is  not  so 
sensitive  as  the  quartz  prism  instruments,1  the  zinc  present 
in  the  plant  ash  must  be  separated  from  the  main  constituents 
of  the  ash  and  concentrated  before  spectrographic  methods 
can  be  applied. 

Experimental 

In  brief,  the  method  proposed  by  the  authors  consists  of 
dissolving  the  plant  ash  in  dilute  hydrochloric  acid,  adding 
2  mg.  of  cadmium  as  the  sulfate,  precipitating  the  cadmium 
and  zinc  with  hydrogen  sulfide  at  a  pH  of  about  3,  and  esti¬ 
mating  the  zinc  in  the  sulfide  precipitate  spectrographically. 
The  added  cadmium  is  used  as  the  “internal  standard.” 

Separation  of  the  Zinc.  A  sample  of  from  2  to  4  grams  of 
the  dried  plant  material  contained  in  a  sillimanite  combustion 
boat  (100  mm.  long  and  20  mm.  wide)  is  thoroughly  ashed  at  a 
temperature  of  450°  C.  in  an  electrically  heated  Pyrex-tube 
combustion  furnace.  The  ash  is  transferred  to  a  small  evaporating 
dish,  20  ml.  of  N  hydrochloric  acid  solution  being  added;  the 
dish  and  contents  are  heated  on  a  hot  plate  until  the  volume  of 
the  solution  is  reduced  one-half.  The  solution  is  then  filtered, 
the  volume  of  filtrate  and  water  washings  being  kept  down  to 
about  25  ml.  To  the  filtrate,  contained  in  a  125-ml.  Pyrex 
Erlenmeyer  flask,  are  added  10  ml.  of  cadmium  sulfate  solution 
containing  0.2  mg.  of  cadmium  per  ml.  In  the  precipitation  of 
zinc  and  cadmium  sulfides,  a  modification  of  the  technic  of  Fales 
and  Ware  (1)  is  used.  With  bromophenol  blue  as  indicator  the 
solution  is  adjusted  to  a  pH  of  about  3.6  with  saturated  potas¬ 
sium  hydroxide  solution;  0.5  ml.  of  50  per  cent  formic  acid  (sp. 
gr.  1.2)  and  3  to  5  ml.  of  citric  acid-sodium  citrate  buffer  solution 

1  The  speed  of  this  grating  spectrograph  is  somewhat  less  than  that  of  the 
usual  quartz  prism  instruments  because  of  the  fact  that  it  was  designed  to 
give  much  higher  resolution  and  dispersion  in  the  visible  region  than  most 
prism  instruments  possess. 


Figure  1.  Concave  Grating  Spectrograph 


are  added.  This  buffer  solution  contains  about  120  grams  of 
sodium  citrate  ^NaaCeHATl^O)  and  230  grams  of  citric 
acid  (CeHsCb-HzO)  per  liter  and  is  adjusted  to  a  pH  of  3.0. 

The  final  volume  of  the  solution  should  be  about  40  ml.  and 
the  pH  about  2.8  to  3.0.  The  contents  of  the  flask  are  heated  to 
about  60°  to  70°  C.  and  the  flask  is  stoppered  with  a  cork  con¬ 
taining  the  hydrogen  sulfide  inlet  tube  and  an  outlet  tube.  The 
former  extends  nearly  to  the  surface  of  the  solution.  A  slow 
stream  of  hydrogen  sulfide  is  passed  into  the  flask  as  it  is  being 
heated.  When  the  contents  of  the  flask  have  reached  the  boiling 
point,  the  source  of  heat  is  removed  and  the  outlet  tube  is  closed. 
However,  the  flask  is  left  connected  to  the  hydrogen  sulfide 
generator  until  it  has  cooled  to  room  temperature.  The  flask  is 
shaken  occasionally  during  the  cooling  period.  When  cool, 
the  flask  is  disconnected  from  the  source  of  hydrogen  sulfide, 
stoppered,  and  allowed  to  stand  for  about  half  an  hour. 

The  contents  of  the  flask  are  transferred  to  a  50-ml.  Pyrex 
centrifuge  tube;  the  flask  is  rinsed  once  with  a  few  milliliters  of 
0.05  N  formic  acid  solution  saturated  with  hydrogen  sulfide. 
After  the  centrifuging,  the  supernatant  liquid  is  poured  off  and 
the  precipitate  in  the  tube  is  washed  once  with  about  10  to  15  ml. 
of  the  hydrogen  sulfide-formic  acid  solution.  After  a  second 
centrifuging,  the  wash  solution  is  poured  off.  The  precipitate  in 
the  tube  is  dried  overnight  in  an  evacuated  calcium  chloride 
desiccator. 

The  washing  of  the  precipitate  and  the  drying  at  room  tem¬ 
perature  are  absolutely  essential,  since  only  by  so  doing  can  one 
obtain  a  loose  powdery  precipitate  which  can  easily  and  almost 
completely  be  transferred  to  the  crater  of  the  graphite  electrode. 
The  dried  precipitate  in  the  tube  is  loosened  by  means  of  a  small 
platinum  spatula  and  is  transferred  as  completely  as  possible  to 
the  crater  of  the  electrode.  The  electrodes  used  in  these  experi¬ 
ments  were  of  graphite  0.64  cm.  (0.25  inch)  in  diameter,  with  the 
crater  0.32  cm.  (0.125  inch)  both  in  diameter  and  depth. 

Spectrographic  Equipment.  The  spectrograph  (Figure  1) 
used  in  this  work  is  a  concave  grating  instrument  (made  by 
the  Applied  Research  Laboratories  of  Los  Angeles). 

The  grating,  whose  radius  of  curvature  is  150  cm.,  is  ruled  for 
a  space  of  5.1  cm.  (2  inches)  with  fines  2.54  cm.  (1  inch)  long; 
it  has  approximately  9200  fines  per  cm.  and  consequently  has  a 
resolving  power  several  times  that  of  the  large  quartz  prism 
spectrographs.  The  grating  is  ruled  on  speculum  metal  and  is 
aluminized  in  vacuum  after  being  ruled;  by  this  means  the  re¬ 
flective  power  is  greatly  increased,  especially  in  the  ultraviolet 
region.  The  arc  is  entirely  enclosed,  its  image  being  focused  on 
the  grating  by  means  of  a  quartz  lens.  The  camera  uses  standard 
35-mm.  negative  motion  picture  film.  The  ultraviolet  region  from 
2370  A.  to  4600  A.  is  photographed  on  a  film  32  cm.  long  with  the 
slit  in  one  position.  A  second  slit  position  is  providedfor  photo¬ 
graphing  the  visible  spectrum  from  4580  A.  to  6810  A.  on  a  film 
32  cm.  long;  a  disk  of  Crookes  No.  1  glass  placed  in  front  of  the 
slit  absorbs  the  second  order  ultraviolet  when  the  visible  region 
is  being  photographed. 

Owing  to  the  astigmatic  properties  of  the  concave  grating, 
it  is  difficult  to  use  the  revolving  logarithmic  sector  of  Scheibe 
and  Xeuhausser  (.f) .  This  difficulty  has  been  overcome  by 
Hasler  and  Lindhurst  (2)  by  the  introduction  of  a  half- 
cylindrical  shutter  immediately  in  front  of  the  photographic 
film.  This  shutter  has  its  axis  of  rotation  at  the  center  of 
the  cylinder  and  is  so  mounted  that  this  axis  is  parallel  to  the 
plane  of  the  film  and  normal  to  the  plane  of  the  light  beams 
forming  the  spectral  lines.  The  theory  of  such  a  shutter  is 
given  in  the  paper  of  Hasler  and  Lindhurst  (2).  The  type  of 
spectrograms  obtained  with  such  a  revolving  sector  is  shown 
in  Figure  2,  in  which  picture  there  are  two  such  spectra  with 
an  iron  comparison  spectrum  between  them.  The  distance 
between  the  points  at  which  a  spectrum  line  fades  out,  L, 
is  measured  with  a  scale  mounted  in  the  eyepiece  of  the  com¬ 
parator  microscope.  The  theory  of  such  a  shutter  leads  to 
the  following  simplified  expression : 
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Figure  2.  Spectrograms  Obtained  with  Half-Cylindrical 

Shutter 


u/u  =  /2//1 

in  which  L\  and  L2  are  the  lengths  of  the  blank  spaces  be¬ 
tween  the  points  at  which  the  two  lines  fade  out,  and  7i  and 
1 2  are  the  intensities  of  the  two  lines  being  compared. 

Calibration  of  the  Sector.  For  the  spectrographic 
estimation  of  zinc,  the  “internal  standard”  method  was  used. 
Cadmium  was  chosen  as  the  internal  standard  for  several 

o 

reasons:  (1)  The  cadmium  ljne  at  3252.5  A.  is  of  the  same  type 
as  the  zinc  line  at  3345.0  A.,  is  conveniently  situated,  and  is 
of  approximately  the  right  intensity  when  2  mg.  of  cadmium 
are  co-precipitated  with  the  zinc.  (2)  The  volatilities  of 
cadmium  sulfide  and  zinc  sulfide  are  sufficiently  similar  so 
that  the  two  elements  are  vaporized  at  the  same  time;  this 
is  a  rather  important  point  since  the  “wandering”  of  the  arc 
is  a  possible  source  of  serious  error  if  the  two  elements  are  not 
vaporized  simultaneously.  (3)  Cadmium  does  not  occur  in 
plant  materials  in  amounts  sufficient  to  augment  appreciably 
the  2  mg.  added  as  internal  standard. 

Mixtures  with  known  ratios  of  cadmium  sulfide  and  zinc 
sulfide  were  made  up.  Placed  in  the  cavity  of  a  graphite 
electrode,  2.5  mg.  of  each  of  these  dry  powders  are  arcked  as 
the  lower  and  positive  electrode  with  a  direct  current  of  7 
amperes  and  150  volts.  Twenty  seconds  are  sufficient  to 
vaporize  the  sulfides  completely,  but  all  exposures  were  made 
for  one  minute.  A  slit  width  of  0.05  mm.  was  used,  and  the 
sector  revolved  at  about  500  r.  p.  m. 

The  results  of  the  spectrograms  of  these  ratio  powders^  are 
shown  graphically  in  Figure  3.  The  zinc  fine  at  3345.0  A.  is 
compared  with  the  cadmium  line  at  3252.5  A.,  and  in  the  figure 
the  ratio  LCd/LZn  is  plotted  against  the  square  root  of  the 
number  of  milligrams  of  zinc  present  for  each  2  mg.  of  cad¬ 
mium. 

Table  I.  Effect  of  Current  on  Ratio  of  Intensities  of 
Cadmium  3252.5  and  Zinc  3345.0  Lines 


Current, 

Amperes 

LCd/LZn 

4  to  5 

1.25 

4  to  5 

1.27 

7  to  8 

1.30 

7  to  8 

1.28 

11  to  12 

1.25 

11  to  12 

1.27 

The  data  in  Table  I  strongly  indicate  that  the  pair  of  lines 
used  in  this  investigation  are  invariant.  In  each  case,  2  mg. 
of  cadmium  and  0.1  mg.  of  zinc  as  the  sulfides  were  used. 


Estimation  of  Zinc  in  Pure  Solutions.  Solutions  con¬ 
taining  2  mg.  of  cadmium  as  the  sulfate  and  varying  amounts 
of  zinc  as  the  sulfate  were  precipitated,  washed,  dried,  and 
arcked  in  the  manner  described  in  this  paper.  The  spectro¬ 
grams  were  measured,  and  from  the  values  of  the  ratio  LCd/ 
LZn  the  recovery  of  zinc  was  obtained  from  the  curve  of 
Figure  3.  The  results  are  presented  in  Table  II. 


Table  II.  Spectrographic  Estimation  of  Zinc  Recovered 
from  Pure  Solutions 


Zinc  Taken 
Mg. 


Zinc  Found 
Mg. 


0.01 

0.025 

0.05 

0.075 

0.10 

0.20 


0.010  and  0.012 
0.023  and  0.022 
0.057  and  0.048 
0.078  and  0.078 
0.090  and  0.108 
0.185  and  . . . 


Recovery  of  Zinc  Added  to  Plant  Tissue.  Varying 
amounts  of  zinc  as  the  sulfate  were  added  to  the  ash  resulting 
from  the  ignition  of  2  grams  of  dried  orange  leaves  (No. 
358).  Similar  amounts  of  zinc  were  added  to  2  grams  of  the 
leaf  tissue  (No.  358)  before  ignition.  The  results  of  these 
experiments  are  given  in  Table  III. 


Table  III.  Recovery'  of  Zinc  Added  to  Plant  Tissue 

BEFORE  AND  AFTER  IGNITION 


Zinc  Added 

Recovery  of  Zinc  Added 
before  Ignition 

Recovery  of  Zinc  Added 
after  Ignition 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

None 

0.006 

0.010 

0.05 

0 . 058 

0  062 

0.057 

O' 048 

0.10 

0.096 

0.108 

0.108 

0.096 

0.15 

0.152 

0.144 

0.152 

0  20 

0.193 

0  A76 

0.212 

0.203 

As  shown  by  these  data,  the  recovery  of  zinc  added  to 
the  plant  tissue  before  ignition  is  quite  satisfactory.  Only  in 
the  case  of  the  highest  amount  of  zinc  used  (0.2  mg.)  is  there 
any  indication  of  a  loss  due  to  ignition,  and  these  few  deter¬ 
minations  can  scarcely  be  considered  conclusive. 

Table  IV.  Zinc  Content  of  Citrus  Leaves 


(Parts  per  million  on  air-dried  basis) 


Sample  No. 

Zinc 
P.  p.  m 

346 

2.0 

358 

3.0 

356 

8.0 

370 

12.5 

374 

20 

379 

27 

368 

30 

294 

85 

In  Table  IV  are  shown  a  few  typical  results  of  the  analyses 
of  citrus  leaves.  The  zinc  content  is  expressed  as  parts  per 
million  on  an  air-dried  basis. 


Figure  3.  Calibration  Curve 
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The  data  presented  in  Tables  II  and  III  show  that  the 
error  is  usually  about  10  per  cent  but  occasionally  amounts  to 
20  per  cent.  It  may  be  possible  to  reduce  the  error  by  using 
a  photoelectric  comparator  for  evaluating  the  relative  intensi¬ 
ties  of  the  lines;  the  authors  have  not  tried  this. 

Limits  of  the  Method 

The  upper  limit  of  this  method  is  probably  somewhat 
higher  than  0.2  mg.  of  zinc;  the  authors  made  no  attempt  to 
ascertain  the  upper  limit,  since  it  is  unlikely  that  amounts 
larger  than  0.2  mg.  of  zinc  would  be  encountered  in  2  grams 
of  plant  tissue.  If  such  were  the  case,  one  could  use  a  smaller 
sample.  The  lower  limit  of  the  method,  with  the  concave 
grating,  is  about  0.005  mg.  of  zinc,  which  on  a  4-gram  sample 
amounts  to  about  1  part  per  million.  With  a  quartz  prism 
spectrograph,  both  the  upper  and  lower  limits  may  be  con¬ 
siderably  lower. 

Interference 

This  proposed  method  of  precipitating  the  zinc  as  the  sulfide 
along  with  the  reference  element,  cadmium,  also  includes  in 
the  precipitate  all  the  other  elements  whose  sulfides  are  in¬ 
soluble  in  a  weakly  acid  solution.  However,  none  of  these 
other  elements  occur  in  plant  tissue  in  amounts  sufficient 


to  interfere  in  any  way  with  the  spectrographic  determination. 
Moreover,  the  single  sulfide  precipitation  and  the  single 
spectrogram  would  suffice  for  the  determination  of  many  of 
these  other  elements,  provided  that  the  calibration  curve  had 
been  constructed  for  each  of  them. 

Summary 

A  quantitative  spectrographic  method  for  the  determina¬ 
tion  of  zinc  in  plant  material  has  been  studied  and  presented. 
The  range  of  the  method  is  from  about  1  to  100  p.  p.  m.,  or 
more,  depending  on  the  size  of  the  sample  used.  Cadmium 
is  used  as  the  internal  standard,  the  zinc  and  cadmium  being 
co-precipitated  as  the  sulfides  before  arcking.  No  other 
elements  are  present  in  the  sulfide  precipitate  in  amounts 
sufficient  to  cause  interference.  The  maximum  deviation 
from  the  mean  of  duplicate  analysis  is  about  one  part  in  five. 
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Photometric  Determination  of  Iron  in 

Used  Engine  Oils 
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The  iron  content  in  the  ash  of  oils  sub¬ 
jected  to  service  tests  may  be  readily  deter¬ 
mined  by  means  of  a  photometric  color¬ 
imeter.  Even  small  amounts  of  wear  may 
be  followed  closely  without  interfering  with 
the  continuous  operation  of  the  motor. 

SMALL  amounts  of  iron  are  frequently  determined 
through  the  formation  of  ferric  sulfocyanide,  visual 
matching  with  the  color  produced  in  a  sample  containing  a 
known  amount  of  iron  being  utilized.  The  proposed  method 
involves  measurement  of  the  intensity  of  color  produced  by 
means  of  fight  from  a  fixed  source  passing  through  a  thin 
layer  of  solution  in  which  ferric  sulfocyanide  has  been  formed, 
and  impinging  upon  a  photronic  cell.  This  has  been  applied 
especially  to  the  determination  of  iron  in  used  crankcase  oils. 

It  is  well  known  that  internal-combustion  engine  wear  may 
be  estimated  from  the  iron  content  of  the  crankcase  oil  (I,  3, 
4,  5).  Such  a  means  of  attack  on  this  important  problem 
carries  with  it  several  advantages  over  wear  determination 
by  micrometer  measurement  or  by  change  in  weight  of  cer¬ 
tain  parts  during  a  run.  It  is  not  necessarily  true  that  all 
parts  of  the  engine  are  abraded  to  the  same  extent  as  those 
measured  or  weighed.  A  long  engine  test  with  its  attending 
expense  and  inconvenience  is  needed  to  obtain  the  desired 
accuracy  of  measurement;  under  these  circumstances  con¬ 
ditions  in  the  motor  may  vary  to  such  an  extent  that  a  fair 
comparison  of  two  oils  in  successive  runs  may  not  be  secured. 
The  lubricating  oil,  however,  reaches  all  parts  of  the  motor 


subject  to  wear — it  is  reasonable  to  suppose  that  its  total  iron 
content  is  an  index  of  the  abrasion  which  has  occurred. 

Very  small  amounts  of  wear,  undetectable  by  physical 
measurement,  may  be  estimated.  About  10,000  miles  of  en¬ 
gine  operation  are  required  to  cause  cylinder  wear  of  0.0025 
cm.  (0.001  inch),  while  the  wear  in  10  miles  may  readily  be 
detected  by  this  chemical  method.  Furthermore,  the  prog¬ 
ress  of  wear  may  be  followed  without  even  stopping  the  engine. 

The  method  permits  one  man  to  make  six  iron  determina¬ 
tions  in  duplicate  in  8  hours,  and  is  applicable  to  the  deter¬ 
mination  of  iron  in  amounts  from  0.00005  to  0.0015  gram. 
Duplicate  runs  on  each  of  321  used  oils  showed  an  average 
difference  of  3.8  per  cent.  It  is  considered  that  this  difference 
is  due  largely  to  difficulty  in  sampling,  as  the  average  differ¬ 
ence  encountered  with  calibration  samples  containing  known 


A.  Direct  current  microammeter 

B.  Weston  photronic  cell,  Model  594 

C.  Glass  cell  for  solution 

D.  Screw  arrangement  for  moving  cells 

E.  Light  source  (100-watt  115-volt  Mazda  lamp) 

F.  Alternating  current  voltmeter 

G.  Voltage  control  rheostat 
77.  Alternating  current  source 
7.  Meter  stick 

J.  Indicator  pointer 
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Figure  2.  Calibration  Curve  of  Photometer  for  Iron 

Analysis 


amounts  of  iron  was  0.4  per  cent.  Runs  on  oils  to  which  ferric 
oleate  had  been  added  gave  an  average  result  0.2  per  cent 
higher  than  the  theoretical  amount,  the  greatest  deviation  for 
any  one  of  the  four  samples  being  3.58  per  cent.  These  data 
are  shown  in  Table  I.  The  colorimetric  analysis  of  the  oleate 
itself  is  indicated  in  Table  II. 


Table  1.  Analyses  of  Oils  Containing  Ferric  Oleate 


Av. 


Iron 

Iron 

Present 

Found 

Difference 

% 

% 

% 

0 . 000446 

0.000455 

+2.02 

0.000446 

0.000462 

+  3.58 

0.000446 

0.000436 

-2.24 

0.000446 

0.000436 

-2.24 

0.000446 

0 . 000447 

+0.2 

Table  II.  Colorimetric  Analysis  of  Ferric  Oleate 


Sample 

Iron 

Present 

Iron 

Found 

Gram 

% 

% 

0 . 0990 

6.21 

6.3 

0.0990 

6.21 

6.2 

0.0333 

6.21 

6.0 

In  the  determination  of  iron  by  the  sulfocyanide  method, 
silver,  mercuric  chloride  (6),  cobalt  (8),  and  bismuth  (2)  should 
be  absent.  It  is  stated  that  tests  are  best  carried  out  in  the 
absence  of  phosphates,  borates,  oxalates,  acetates,  tartrates, 
and  citrates  (7).  Oxalic  and  phosphorous  acids  interfere  (10) ; 
the  color  produced  by  nitric  acid  is  destroyed  on  boiling, 
though  it  might  be  mistaken  for  that  of  iron  in  the  cold.  Al¬ 
kaline  earth  chlorides  are  detrimental  (8).  Organic  matter, 
certain  mineral  acids,  and  many  metals  do  not  cause  any 
difficulty. 


Experimental 

The  procedure  consists  in  general  of  ashing  the  oil,  dis¬ 
solving  the  residue  in  hydrochloric  acid,  adding  ammonium 
sulfocyanide  solution,  and  estimating  the  amount  of  iron 
present  from  the  intensity  of  fight  projected  by  a  fixed  source 
through  a  thin  layer  of  solution  upon  a  photronic  cell. 

The  instrument,  shown  in  Figure  1,  in  which  color  compari¬ 
son  was  made  was  a  colorimeter  similar  to  that  of  Story  and 
Kafichevsky  (9),  and  consisted  essentially  of  a  fixed  fight 
source  and  a  movable  photronic  cell  with  a  container  between 
them  for  the  sample.  The  last  two  items  were  mounted  on  a 
movable  carriage  which  was  so  placed  in  operation  as  to  pro¬ 
duce  a  certain  specified  current  from  the  photronic  cell.  It 


is  obvious  that  calibration  may  be  effected  by  using  samples 
of  known  iron  content  and  noting  the  distance  of  a  mark  on 
the  movable  carriage  from  the  fight  source.  It  was  thus  not 
necessary  to  have  constantly  on  hand  standard  solutions  for 
comparison.  Color  matching  by  visual  inspection  may  in¬ 
troduce  large  personal  error  or  may  even  be  impossible  for 
some  operators.  The  current  from  the  photronic  cell,  how¬ 
ever,  was  read  on  a  microammeter  and  could  be  adjusted  to 
the  desired  value  very  readily.  * 

Standardization  of  Photometer.  A  glass  cell,  50  X  50  X 
10  mm.,  filled  with  distilled  water  was  placed  in  a  holder  directly 
in  front  of  the  photronic  cell.  With  an  indicator  on  the  movable 
platform  100  cm.  from  the  light  source,  the  intensity  of  the  latter 
was  adjusted  by  varying  the  current  until  a  microammeter 
showed  the  photronic  cell  to  be  delivering  19  microamperes. 
This  value  was  arbitrarily  chosen  as  a  convenient  one  for  use. 

The  standardization  of  the  colorimeter  was  effected  by  the  use 
of  solutions  of  ferric  iron.  Solutions  containing  up  to  0.0022  gram 
of  ferric  iron  were  prepared  by  well-known  procedures  from  ferrous 
ammonium  sulfate  and  ferric  sulfate  which  had  been  analyzed  gravi- 
metrically  for  iron  content.  To  90  cc.  of  solution  containing  the 
desired  amount  of  iron  10  cc.  of  N  ammonium  sulfocyanide  were 
added  (this  is  equivalent  to  at  least  twenty-five  times  the  maxi¬ 
mum  amount,  0.0015  gram,  of  iron  present).  The  mixture  was 
placed  in  the  glass  cell  directly  in  front  of  the  photronic  cell,  and 
with  the  light  source  maintained  at  the  voltage  determined  by  the 
use  of  distilled  water  at  100  cm.,  the  position  of  the  assembly  was 
varied  until  the  current  from  the  photronic  cell  became  19  micro¬ 
amperes.  The  calibration  curve  as  shown  in  Figure  2  was  ob¬ 
tained  in  this  way.  It  was  found  that  the  iron  present  in  re¬ 
agents  (iron-free  hydrochloric  acid  and  ammonium  thiocyanate) 
was  so  small  that  no  correction  was  required. 

Procedure.  A  10-gram  representative  sample  of  the  oil  was 
very  carefully  ashed  in  a  quartz  crucible.  No  fusion  of  the  ash 
with  the  quartz  crucible  was  noted;  however,  platinum  may  be 
used  if  desired.  To  the  ash  in  the  cooled  crucible  were  added  20 
cc.  of  iron-free,  concentrated  hydrochloric  acid  with  gentle  heat¬ 
ing  to  dissolve  any  oxide  sticking  on  the  walls.  The  mixture 
was  then  washed  into  a  beaker  and  boiled  for  10  minutes.  The 
liquor  was  transferred  to  a  100-cc.  graduated  cylinder  and  diluted 
to  90  cc.  Next  10  cc.  of  normal  ammonium  sulfocyanide  were 
added  with  thorough  mixing.  A  portion  of  the  mixed  solution 
was  put  in  the  glass  cell,  the  voltage  of  the  light  source  was  ad¬ 
justed  to  the  value  used  in  calibration,  and  the  position  of  the 
carriage  holding  the  glass  cell  and  photronic  cell  fixed  to  give  a 
current  of  19  microamperes.  The  amount  of  iron  in  the  sample 
was  then  found  from  the  calibration  curve. 

Should  there  be  any  turbidity  or  evidence  of  suspended  mate¬ 
rial  in  the  colored  solution,  it  must  be  filtered  before  being  intro¬ 
duced  into  the  containing  cell. 

Discussion  of  Results 

This  method  has  been  found  to  be  suitable  for  the  estima¬ 
tion  of  iron  in  amounts  ranging  from  0.00005  to  0.0015  gram. 
Aliquot  portions  of  solutions  containing  large  amounts  of  iron 
may  be  taken  for  analysis.  With  amounts  of  iron  in  the  cell 
greater  than  about  0.0015  gram,  the  reproducibility  of  the 
method  does  not  justify  its  use. 

The  results  shown  in  Figure  3  may  be  taken  as  illustrative 


Figure  3.  Wear  in  Two  Dodge  Engines  Lubricated 
with  the  Same  Oil 
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of  the  increase  in  iron  content  of  an  oil  in  engine  service.  No 
correction  has  been  made  for  the  oil  consumed  during  the 
run.  The  same  oil  and  operating  conditions  were  used,  but 
different  engines  were  involved  in  the  two  cases  shown.  The 
rapid  increase  in  iron  content  at  the  beginning  of  a  run  is  of 
interest.  It  has  long  been  known  that  intermittent  service 
causes  greater  engine  wear  than  continuous  running.  The 
colorimetric  method  of  analysis  for  iron  is  a  convenient  means 
of  confirming  this  circumstance  and  affords  an  indication  of 
rates  of  wear  under  various  conditions. 
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Identification  of  Crystalline  Materials 

Classification  and  Use  of  X-Ray  Diffraction  Patterns 

J.  D.  HAN  A  WALT  AND  H.  W.  RINN,  The  Dow  Chemical  Company,  Midland,  Mich. 


IN  THE  course  of  the  past 
few  years,  x-ray  and 
spectroscopic  methods  of 
analysis  have  found  an  in¬ 
creasing  usefulness  at  the 
Dow  Chemical  Company. 

There  are  a  large  number 
of  different  types  of  prob¬ 
lems  on  which  information 
can  be  obtained  by  the 
variations  of  apparatus 
and  technic  which  are 
possible  in  these  two  fields.  It  is  not  the  purpose  of  this 
paper,  however,  to  discuss  these  methods  or  applications  in 
general,  but  to  describe  in  some  detail  a  scheme  of  classifying 
and  using  x-ray  diffraction  patterns  which  has  been  found 
very  helpful  in  one  particular  application  of  x-rays — namely, 
that  of  identifying  unknown  substances  by  means  of  their 
Hull  powder  diffraction  patterns. 

The  inherent  power  of  x-ray  diffraction  as  a  practical 
means  of  chemical  analysis  was  pointed  out  a  good  many 
years  ago  {2,  4).  Having  a  different  theoretical  basis  and 
depending  upon  an  entirely  different  technic  than  other  meth¬ 
ods,  it  would  be  expected  to  supplement  the  information  to 
be  obtained  from  other  methods  and,  at  times,  to  be  applicable 
where  other  methods  are  not  suitable.  It  appears,  however, 
that  the  use  of  this  method  has  not  increased  at  a  rate  com¬ 
mensurate  with  its  unique  and  valuable  features,  and  that  it 
is  used  by  relatively  few  academic  and  industrial  laboratories. 

Probably  one  of  the  main  reasons  for  this  is  that  x-ray 
diffraction  is  not  a  practical,  economical  method  of  analysis 
as  long  as  it  involves  any  time-consuming  process  such  as 
the  determination  of  crystal  structure.  For  the  purpose  of 
analysis,  however,  there  is  no  advantage  in  knowing  the 
crystal  structure,  since  any  substance  is  just  as  uniquely 
characterized  by  its  diffraction  pattern.  For  practical  usage, 
the  x-ray  diffraction  method  must  be  put  upon  an  empirical 
basis,  as  has  been  done,  for  example,  in  spectroscopic  analysis. 
There  are  available  for  the  spectroscopist  portfolios  of  the 
arc  and  spark  spectra  of  the  elements,  and  also  convenient 
tables  of  wave  lengths  which  serve  to  assist  him  in  identifying 


the  origin  of  the  unknown 
lines  in  the  spectra  ob¬ 
tained. 

Similarly,  in  the  x-ray 
field,  one  of  the  things 
which  will  greatly  facilitate 
the  use  of  x-ray  powder 
patterns  in  identifying  un¬ 
knowns  is  to  have  available 
a  reference  library  of  stand¬ 
ard  patterns  of  known  sub¬ 
stances.  However,  because 
there  are  thousands  of  common  chemical  substances,  the  job  of 
taking  the  standard  patterns,  and  more  especially  of  finding 
an  adequate  system  of  indexing  or  classifying  thousands  of  dif¬ 
fraction  patterns,  is  considerable  and  in  general  has  not  been 
thought  feasible  (6).  It  has  been  found  in  this  laboratory  that 
the  problem  of  classification  of  the  patterns  presents  no  prac¬ 
tical  difficulties  and  that  in  so  far  as  they  can  be  obtained, 
they  can  be  effectively  used  in  the  identification  of  unknowns. 
The  real  limitations  to  the  field  of  applicability  of  the  x-ray 
method  are  due  to  more  fundamental  factors,  such  as  lack 
of  sensitivity  to  small  percentages  of  the  minor  constituent 
and  to  the  small  effects  sometimes  encountered  in  changes  of 
solid  solution  concentration  and  lack  of  sensitivity  because  of 
the  poor  crystalline  structure  of  some  materials.  A  recent 
article  by  Waldo  (5)  gives  the  results  of  a  similar  attempt  at 
classification  applied  to  about  50  copper-ore  minerals.  A 
comparison  of  the  classifications  will  be  made  in  connection 
with  the  detailed  description  of  the  present  method. 

Identification  of  complete  unknowns  does  not  form  the 
bulk  of  the  work  or  the  most  important  part  of  the  applica¬ 
tion  of  x-ray  diffraction  patterns.  However,  as  the  stock  of 
patterns  obtained  in  the  course  of  the  authors’  use  of  x-ray 
diffraction  continued  to  enlarge,  the  advantage  of  having  an 
index  to  them  became  apparent.  The  system  of  classification 
which  was  finally  adopted  has  been  in  operation  since  June, 
1934,  and,  though  the  number  of  patterns  has  greatly  in¬ 
creased  since  that  time,  has  proved  to  be  fully  adequate  to 
handle  them.  The  authors  now  have  over  4000  patterns,  of 
which  1054  are  individual  inorganic  chemical  substances. 


Figure  1.  X-Ray  Powder  Diffraction  Patterns  in  Cali¬ 
brated  Scale 
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These  constitute  a  reference  file  which  can  be  used  in  this 
field  in  much  the  same  way  that  fingerprints  are  used  to 
identify  persons  (7).  This  is  not  a  large  stock,  but  it  is  large 
enough  to  permit  one  to  form  a  judgment  of  the  capacity  and 
practicability  of  any  particular  system  of  classification.  This 
system  of  classification  permits  a  pattern  to  be  identified  in 
a  few  minutes,  even  though  it  is  a  composite  of  individual 
patterns,  provided  these  individual  patterns  are  present  in 
the  reference  file. 

Method  of  Classification 

Choosing  a  method  of  classification  is  merely  a  matter  of 
investigating  how  many  measurements  of  the  pattern  are 
necessary  to  distinguish  it  from  other  patterns.  Theoretically, 
no  two  different  substances  could  have  exactly  the  same 
pattern.  The  powder  pattern  of  a  substance  is  made  up  of 
lines  in  certain  positions  and  of  certain  intensities.  The  more 
of  these  parameters  used,  the  more  certain  is  the  identification. 
One  might  choose  to  measure  and  record  accurately  and  com¬ 
pletely  the  positions  and  intensities  of  all  the  lines  of  the 
pattern,  or  to  measure  and  record  only  enough  data  from 
the  pattern  to  serve  to  locate  it,  and  then  check  all  details  by 
comparing  directly  with  the  known  file  pattern  (or  a  print 
of  it).  The  first  method  would  require  a  great  deal  of  work 
in  measuring  the  pattern  and  even  then  would  be  no  improve¬ 
ment  in  accuracy  over  direct  comparison  by  eye.  The  second 
method  is  practicable  because,  as  investigation  has  shown, 
three  easy  measurements  are  sufficient  to  give  the  approximate 
location  of  the  pattern  in  the  file,  and  one  can  then  visually 
check  the  entire  pattern  without  ever  having  to  make  difficult 
measurements. 

The  powder  patterns  are  produced  using  molybdenum 
radiation  and  the  General  Electric  diffraction  unit.  Figure  1 
shows  twoosuch  patterns  placed  in  the  calibrated  scale  which 
gives,  in  Angstrom  units,  the  interplanar  distances  of  the 
crystal  planes  giving  rise  to  the  diffracted  lines.  The  A. 
positions  of  the  three  strongest  lines  of  the  diffracted  pattern 
are  read  off  in  the  order  of  decreasing  intensity.  However, 
for  purposes  of  classification,  the  lines  are  listed  only  according 
to  the  particular  divisions  of  the  scale  in  which  they  fall. 
The  sizes  of  the  divisions  into  which  the  classification  book  is 
arbitrarily  divided  are:  0.1  A.  divisions  below  10  A.,  0.05  A. 
divisions  from  1.0  to  3.0  A.,  0.1  A.  divisions  from  3.0  to  5.0  A., 
0.25  A.  divisions  from  5.0  to  6.0  A.,  and  0.5  A.  divisions  from 
6.0  to  8.0  A.  The  size  of  these  divisions  is  determined  by  the 
consideration  that  they  can  be  no  smaller  than  is  consistent 
with  the  accuracy  of  measurement  of  the  position  of  the  lines, 
and  that  they  should  be  no  more  numerous  than  is  necessary 


Figure  2.  Typical  Page  in  Classification  Book 


to  handle  conveniently  all  the  patterns  without  conflict,  thus 
minimizing  the  result  of  errors  of  measurement.  Actually,  the 
divisions  chosen  are  5  to  10  times  the  error  of  measurement. 
Using  molybdenum  radiation  and  a  specimen-film  distance  of 
20  cm.  (8  inches),  the  error o of  measurement  increases  in  a 
smoothocurve  from  ±0.001  A.  oat  1.0  A.,  through  ±0.01  A. 
at  3.5  A.  to  ±0.06  A.  at  8.0  A.  In  order  to  secure  this 
accuracy,  all  cassettes  used  are  calibrated  against  the  sodium 
chloride  and  copper  patterns. 

It  is  not  necessary  to  use  a  densitometer  to  measure 
densities  of  lines.  If  two  lines  appear  to  be  so  closely  the  same 
density  that  it  is  hard  to  decide  by  eye  which  is  the  more 
dense,  the  rule  is  to  list  the  one  of  the  greater  A.  spacing 
first.  One  thus  has,  as  a  characteristic  of  each  pattern,  three 
numbers  in  a  certain  sequence.  The  patterns  are  then  listed, 
at  the  proper  place,  in  an  indexed  book  which  is  divided  and 
subdivided  into  the  arbitrarily  chosen  regions  as  given  above. 
The  first  number  determines  the  group,  the  second  number 
the  subgroup,  and  the  third  number  the  location  within  the 
subgroup.  Figure  2  shows  a  typical  page  within  the  book. 

After  listing  1054  patterns  of  common  inorganic  chemicals 
in  the  classification  book  in  this  way,  it  is  found  that  1 
subgroup  contains  7  patterns,  5  subgroups  contain  5  patterns 
each,  9  contain  4  patterns  each,  38  contain  3  patterns  each, 
150  contain  2  patterns  each,  582  subgroups  contain  only  a 
single  pattern  each,  and  3836  subgroups  are  unoccupied. 
(Because  two  patterns  fall  in  the  same  subgroup  does  not 
mean  that  they  are  identical  with  respect  to  their  first  two 
lines,  since  their  positions  within  the  divisions  may  be  different, 
and  their  relative  intensities  probably  will  be  different.) 
Thus  among  these  1054  patterns  it  is  not  necessary  to  measure 
more  than  the  two  strongest  lines  in  order  to  limit  the  possi¬ 
bilities  to  a  few  patterns.  Looking  now  at  the  coincidences  of 
third  lines  within  a  subgroup,  there  are  1 1  subgroups  in  which 

2  patterns  have  the  same  position  (within  twice  the  ±  error 
of  measurement)  of  the  third  line,  and  4  subgroups  in  which 

3  patterns  have  the  same  third  line.  In  seven  of  these  cases, 
a  measurement  of  the  fourth  line  serves  to  distinguish  the 
patterns  (a  column  is  included  in  the  book  for  recording  the 
fourth  line).  However,  in  practice,  after  a  pattern  has  been 
located  in  the  book,  it  is  taken  out  of  the  file  and  compared 
directly  in  all  its  details.  It  is  thus  easy  to  see  at  a  glance 
differences  which  otherwise  could  be  established  only  by 
careful  measurements.  When  this  is  done,  for  the  conflicts 
still  remaining,  there  are  only  three  cases  left  in  which  the 
patterns  are  not  immediately  distinguishable  from  each  other, 
and  in  these  cases,  if  there  were  nothing  easier  to  do,  a  more 
accurate  determination  of  planar  spacings  by  a  different  x-ray 
technic  would  be  sufficient.  Probably,  however,  some  other 
information  would  be  available  to  assist  in  separating  these 
very  occasional  conflicts. 

Taking  into  account  the  number  of  subgroups  and  the 
distributions  of  the  lines  as  they  occur  in  the  type  of  pattern 
with  which  the  authors  have  worked,  they  estimate  that  the 
classification  book  in  its  present  form,  making  use  of  three 
lines  as  described,  would  easily  handle  many  thousands  of 
patterns.  If,  for  instance,  there  were  20,000  patterns  in  the 
file,  there  would  be  a  total  of  only  several  hundred  cases  in 
which  one  would  have  to  compare  his  unknown  with  two 
patterns  from  the  file,  and  not  more  than  about  twenty  cases 
in  which  one  would  have  to  compare  with  more  than  three 
patterns. 

Identification  of  Mixtures 

The  problem  is  complicated  somewhat  and  the  process  of 
identification  lengthened,  if  the  unknown  is  a  mixture  of 
substances.  However,  any  component  of  a  mixture  of  sub¬ 
stances  can  be  identified  with  just  as  much  certainty  (in  so 
far  as  enough  lines  are  visible)  as  if  it  were  an  isolated  material, 
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Figure  3.  Mechanical  Aid  to  Ensure 
Uniform  Patterns 


provided  its  pattern  is  contained  in  the  reference  file.  The 
procedure  of  identifying  the  unknown  is  the  same  whether 
the  unknown  pattern  is  a  superposition  of  separate  patterns  or 
not. 

To  meet  the  possibility  that  the  unknown  is  a  mixture  of 
patterns,  it  is  necessary  to  read  more  than  three  lines,  since  the 
three  strongest  lines  may  include  certain  lines  of  each  constituent. 
One  begins  with  the  strongest  line,  turns  to  the  subgroup  de¬ 
termined  by  the  second  strongest  line,  and  sees  whether  any  of 
the  lines  of  the  unknown  check  lines  in  this  subgroup.  (This 
can  be  done  at  a  glance,  since,  of  the  subgroups  which  are  oc¬ 
cupied,  the  largest  contains  only  seven  patterns  and  most  of 
them  contain  only  one.)  If  the  unknown  is  a  single  pattern,  the 
third  strongest  line  will  check,  and  the  pattern  will  have  been 
located.  If  the  second  strongest  line  of  the  unknown  pattern 
should  happen  to  be  the  strongest  line  of  a  second  component, 
the  pattern  would  not  have  been  found  and  one  proceeds  by 
using  the  third  strongest  line  of  the  unknown  pattern  to  de¬ 
termine  the  subgroup,  and  so  on.  When  a  match  is  found,  the 
lines  of  the  unknown  coinciding  with  the  standard  are  noted, 
as  are  also  any  intensity  variations  which  would  indicate  super¬ 
positions  of  lines.  The  remaining  unidentified  lines  of  the  un¬ 
known  are  then  treated  in  the  standard  manner. 

If  the  constituent  corresponding  to  the  strongest  line  of  the 
unknown  pattern  is  not  contained  in  the  file,  one  must  proceed 
using  the  second  strongest  line  to  determine  the  main  group, 
etc.  One  cannot  fail  to  find  any  or  all  components  of  the  mixture 
which  exist  in  the  reference  file.  The  authors  have  numerous 
examples  in  which  mixtures  of  three  components  were  resolved 
and  one  case  in  which  four  components  were  present  in  an  un¬ 
known  and  all  identified.  If  the  pattern  cannot  be  found  in  the 
file,  even  in  this  case  one  has  obtained  considerable  negative 
information  about  the  unknown. 

Other  Classification  Systems 

It  has  been  suggested  ( 6 )  that,  in  a  limited  field,  100  or 
more  patterns  might  be  handled  by  listing,  in  the  order  of 
planar  spacings,  all  the  lines  in  all  the  patterns.  This  is 
closely  analogous  to  the  system  commonly  used  in  spectros¬ 
copy,  in  which  the  wave  lengths  of  all  lines  are  listed  in 
order.  This  system  would  be  practical  for  x-ray  diffraction 
if  planar  spacings  were  accurately  measured  to  four  or  five 
significant  figures,  but  the  authors’  experience  indicates  that 
it  is  not  practical  when  one  measures  to  only  0.01  or  0.1  A. 
When  technic  is  developed  to  permit  more  precise  measure¬ 
ments,  it  will  be  possible  to  multiply  further  the  capacity  of 
the  classification  book  by  choosing  smaller  sized  divisions. 

Waldo  ( 5 )  has  described  a  system  of  classification  fisting 
the  exact  positions  of  the  fines  in  the  order  of  their  relative 
intensity,  and  this  does  not  differ  fundamentally  from  the 
system  here  under  discussion.  It  would  appear  that  there  are 
practical  advantages  in  the  use  of  finite  divisions  and  definite 
subgroups,  in  that  addition  of  patterns  to  the  file  requires  no 
rearranging  of  the  patterns  already  on  record,  and,  in  looking 
up  unknowns,  the  only  possible  location  is  definitely  defined 


except  when  the  fine  falls  on  the  boundary  between  divisions, 
in  which  case  there  are  two  possible  locations.  Also,  as  has 
been  emphasized,  the  present  system  does  not  use  the  book 
for  the  final  identification  of  the  unknown  but  simply  to  locate 
the  pattern  in  the  file.  This  direct  comparison  is  more  ac¬ 
curate  than  measurements  of  positions  and  is  particularly 
important  for  mixtures  of  patterns  in  which  occasional  super¬ 
positions  of  fines  make  careful  comparisons  of  intensities 
desirable. 

Weaknesses  of  X-Ray  Diffraction  Method 

There  are  some  definite  limitations  to  the  field  of  appli¬ 
cability  of  the  x-ray  method  of  analysis,  but  the  important 
question  is  the  range  of  usefulness  left  when  these  things  are 
taken  into  account.  One  should  have  constantly  in  mind 
when  using  x-ray  diffraction  that  it  is  valuable  for  what  it 
does  show,  not  for  what  it  does  not  show.  When  a  diffraction 
pattern  is  obtained,  it  is  decisive  evidence  of  the  presence  of 
the  particular  substance  which  gives  rise  to  this  pattern, 
but  diffraction  fines  may  be  so  weak  that  they  are  not  detected 
and  one  must  therefore  be  wary  of  drawing  conclusions.  There 
is  always  the  possibility  of  the  presence  of  amorphous  phases. 
This  is  a  definite  weakness  of  the  method  and  leaves  one  in 
the  same  position  as  the  fingerprint  expert  who  cannot  find 
any  finger-prints.  The  extent  of  this  limitation  of  the  x-ray- 
method  applied  to  inorganic  solids  is  indicated  by  the  fact 
that  of  1000  substances  taken  at  random  from  the  chemical 
stockroom  shelves,  only  5  per  cent  are  amorphous  while 
95  per  cent  are  crystalline  and  have  a  characteristic  pattern,. 


Figure  4.  Use  of  Loading  Box  for  Substances 
Which  Take  Up  Water  in  Air 


The  sensitivity  of  detection  for  the  lesser  constituent  of 
a  mixture  is  relatively  low  and  will  vary  greatly  from  one 
substance  to  another,  but  in  general  will  fie  somewhere  be¬ 
tween  concentrations  of  0.1  and  10  per  cent.  For  the  deter¬ 
mination  of  this  figure,  in  any  particular  case,  it  is  necessary 
to  make  up  standard  mixtures.  Standard  mixtures  for  com¬ 
parison  will  also  enable  one  to  make  semi-quantitative 
analyses  throughout  the  whole  range  from  0  to  100  per  cent. 
A  development  of  this  technic  to  the  quantitative  stage  has 
been  reported  recently  ( 1 ). 

The  type  of  pattern  best  adapted  for  general  chemical 
identification — i.  e.,  one  with  as  many  strong  fines  as  possible 
— is  not  suited  for  the  study  of  solid  solutions  in  which  it  is 
necessary  to  measure  lattice  constants  to  a  high  degree  of 
accuracy.  Therefore,  unless  one  has  other  information  about 
the  unknown,  he  may  overlook  the  possibility  that  the  pattern . 
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of  an  unknown  really  represents  a  member  of  a  solid  solution 
series.  The  authors  find  that  the  combination  of  spectroscopy 
and  x-ray  diffraction  is  very  fortunate,  since  they  supplement 
each  other’s  deficiencies  by  giving  very  different  types  of 
information  about  the  same  substance.  In  the  arc  or  spark, 
the  material  is  broken  up  into  its  elements  so  that  they  show 
regardless  of  the  state  in  which  they  were  present,  while  the 
x-ray  without  changing  the  material  records  the  existing 
chemical  and  physical  state.  Thus  for  a  complete  unknown, 
the  authors  always  supplement  the  x-ray  diffraction  with 
spectroscopic  analysis  or  other  information  to  check  the 
possible  presence  of  amorphous  components  or  isomorphous 
systems. 

Aids  to  Experimental  Technic 

Discussions  of  the  theory  and  technic  of  x-ray  diffraction 
can  be  found  in  many  places  (the  most  recent  comprehensive 
book  on  the  subject  is  by  Davey,  3)  and  are  outside  the  scope 
of  this  article.  However,  a  few  items  of  practical  experience 
may  be  of  interest. 

To  make  full  use  of  the  x-ray,  one  should  have  the  necessary 
equipment  to  adapt  the  type  of  camera  and  the  source  of 
x-rays  to  the  particular  requirements  of  the  problem  at  hand. 
For  general  chemical  identification,  the  authors  find  it  most 
convenient  to  use  molybdenum  radiation.  The  greater 
penetration  of  the  molybdenum  radiation,  as  compared  with 
copper  or  iron  or  other  longer  wave  lengths,  makes  specimen 
mountings  easier.  The  16-hour  exposures  necessary  with 
molybdenum  radiation  are  not  really  a  disadvantage,  since 
the  diffraction  cameras  can  be  loaded  with  as  many  as  24 
specimens  at  night  and  the  films  are  ready  to  develop  in  the 
morning.  The  batch  processes  of  preparing  specimens,  de¬ 
veloping  films,  etc.,  result  in  economy  of  time. 

Figure  3  shows  a  simple  mechanical  attachment,  readily 
installed  on  commercial  cassettes,  which  ensures  uniform 
patterns.  At  one  end,  the  usual  capillary  tube  passes  through, 
and  is  fastened  by  wax  to  a  metal  pulley.  The  other  end 
passes  through  a  glass  tube  serving  as  a  bearing.  So  many 
substances  require  rotation  because  of  large  crystals  that  the 
practical  procedure  is  to  rotate  every  specimen  and  avoid 
the  necessity  of  repeating  any  of  them. 


Figure  4  shows  a  drier  and  loading  box  which  is  useful 
when  handling  substances  which  take  up  water.  It  is,  for 
most  materials,  more  convenient  than  the  usual  technic  of 
loading  under  a  protective  liquid. 

Summary  and  Conclusions 

This  investigation  shows  that,  with  the  aid  of  a  classifica¬ 
tion  system  as  herein  described,  it  is  entirely  practical  to 
make  effective  use  of  a  large  library  of  standard  x-ray  diffrac¬ 
tion  patterns  for  the  identification  of  unknowns,  even  when 
the  unknown  is  a  mixture  of  materials.  This  makes  possible 
a  more  complete  utilization  of  the  unique  features  of  the 
x-ray  diffraction  method  of  analysis.  The  unique  features 
which  have  been  found  of  practical  importance  in  this  labora¬ 
tory  are  (1)  the  substances  present  show  in  their  true  state 
of  chemical  combination,  especially  useful  for  the  study  of 
reaction  mixtures;  (2)  the  analysis  is  very  certain,  even 
though  only  minute  amounts  of  material  are  available;  (3) 
substances  are  studied  directly  in  their  “as  received”  state  and 
are  not  destroyed;  (4)  different  crystalline  phases,  states  of 
hydration,  and  physical  state  are  observable,  and  (5)  the 
process  of  preparing  the  specimen  and  obtaining  the  x-ray 
pattern  is  very  simple.  The  fundamental  limitations  of  the 
method  lie  in  lack  of  sensitivity  to  small  percentages  of  the 
minor  constituents  and  in  the  noncrystalline  nature  of  many 
substances. 

While  the  present  article  is  based  mainly  on  the  results  ob¬ 
tained  with  inorganic  substances,  it  is  planned  in  the  near 
future  to  investigate  in  a  similar  manner  other  fields,  such  as 
organic  solids,  intermetallic  compounds,  etc. 
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A  Simple  and  Inexpensive  Electrodialyzer 

F.  E.  BARTELL,  University  of  Michigan,  Ann  Arbor,  Mich. 


SIMPLE,  inexpensive,  and  effective  apparatus  for  elec¬ 
trodialysis  can  be  made  in  almost  any  laboratory. 

It  consists  of  a  glass  tube,  A,  6  cm.  in  diameter  and  20  cm. 
in  length,  in  which  there  is  an  opening  formed  by  sealing  in  a 
short  tube,  B,  about  5  cm.  in  diameter  and  4  to  5  cm.  in  length. 
Each  end  of  the  large  tube  is  closed  tightly  with  No.  13  rubber 
stoppers  through  which  three  holes  have  been  bored,  one  in  the 
center  in  which  is  supported  an  electrode,  F,  and  two  others 
through  which  glass  tube,  G,  for  inflow  of  water,  and  glass  tube, 
H,  for  outflow  of  water  are  inserted. 

The  dialyzing  medium  consists  of  a  collodion  sack,  D,  which 
is  prepared  in  a  round-bottomed  flask,  treated  with  water,  re¬ 
moved  and  inserted  through  tube  B  into  the  dialyzer.  (A  suitable 
collodion  for  use  in  the  preparation  of  dialyzers  can  be  made  up 
by  adding  to  3  grams  of  nitrocellulose  25  cc.  of  ethanol,  allowing 
this  mixture  to  stand  for  about  15  minutes,  then  adding  75  cc. 
of  ether.)  The  liquid  to  be  dialyzed  is  put  into  the  sack.  A  tube 
6  cm.  in  diameter  will  take  a  collodion  sack  made  in  a  200-cc. 
round-bottomed  flask.  If  the  tube  is  bulged  slightly,  as  shown 
at  C,  it  will  take  a  sack  made  in  a  500-cc.  round-bottomed  flask 
and  the  chamber  will  be  more  nearly  the  shape  of  the  sack,  so 
that  a  tighter  fit  of  the  sack  will  be  obtained.  Perforated  disks 
(celluloid  or  pyralin),  K,  may  be  fixed  in  the  tube  by  slightly 


bulging  it  to  hold  them.  These  disks  will  act  as  supports  to  the 
collodion  sack  and  will  prevent  the  walls  of  the  sack  from  coming 
in  contact  with  the  electrodes.  An  outlet  tube,  J,  is  inserted 
through  a  stopper  in  the  neck  of  the  sack  to  avoid  building  up 
high  osmotic  pressure  within  the  sack. 

The  principal  advantage  of  this  apparatus  consists  in  the 
ease  with  which  the  diaphragm  membranes  can  be  prepared 
and  held  in  place.  This  makes  the  apparatus  especially  adapt¬ 
able  for  student  laboratory  work. 

Received  April  27,  1936. 


Nephelometric  Determination  of  Fluorine 

ROLLIN  E.  STEVENS,  U.  S.  Geological  Survey,  Washington,  D.  C. 


IN  THE  analysis  of  rocks  and 
minerals  fluorine  has  long 
been  regarded  as  a  troublesome 
element.  Although  in  rocks  the 
determination  of  fluorine  is  fre¬ 
quently  omitted,  it  is  an  essen¬ 
tial  constituent  of  many 
minerals.  Phosphate  rocks 
usually  contain  an  appreciable 
quantity  and  it  is  found  in  some 
micas,  particularly  biotite,  in 
hornblende,  in  tourmaline,  and  in 
certain  fluorine  minerals.  Al¬ 
though  not  an  abundant  element, 
fluorine  must  be  frequently  de¬ 
termined  in  mineral  analysis.  Few  methods  of  determining 
fluorine  are  available,  and  most  of  them  are  time-consuming. 

The  evolution  method,  whereby  fluorine  is  distilled  as  silicon 
tetrafluoride,  is  described  by  Reynolds,  Ross,  and  Jacob  {10). 
The  yield  is  stated  by  Hillebrand  and  Lundell  (6)  to  be  about 
92  to  94  per  cent  of  the  fluorine,  and  a  large  correction  factor  is 
necessary. 

Steiger’s  method  {15),  which  consists  in  measuring  the  bleach¬ 
ing  effect  of  fluorine  on  oxidized  titanium  solutions,  is  useful  in 
the  estimation  of  small  percentages  of  fluorine  in  rocks  but  is  not 
sufficiently  accurate  for  the  determination  of  large  percentages. 

The  volumetric  method  of  Knoblock  {8)  was  improved  by 
Fairchild  (4),  who  reported  some  satisfactory  results.  The 
present  writer,  however,  obtained  discordant  results  with  the 
method.  It  depends  on  the  formation  of  un-ionized  ferric  fluo¬ 
ride  when  a  standard  solution  of  ferric  chloride  is  added  to  the 
fluoride  solution.  The  excess  of  ferric  chloride  sets  free  iodine 
from  potassium  iodide,  and  the  iodine  is  determined  by  titration. 

Minute  quantities  of  fluorine  in  natural  waters  may  be  deter¬ 
mined  by  the  colorimetric  method  of  Foster  (5),  which  depends 
on  the  bleaching  of  ferric  thiocyanate  by  fluorine  solutions 
Other  methods  for  determining  fluorine  in  water  are  described 
by  Armstrong  {1),  Wilcox  {18),  Thompson  and  Taylor  {16), 
Sanchis  {11),  and  Barr  and  Thorogood  {2). 

Accurate  results  are  reported  by  Hoffman  and  Lundell  (7) 
by  the  use  of  a  modification  of  the  lead  chlorofluoride  method, 
originated  by  Starck  {13).  The  compound,  PbCIF,  is  precipi¬ 
tated  and  weighed  as  such  or  the  chlorine  is  determined  by  the 
Volhard  method.  The  method  is  not  satisfactory  for  the  analy¬ 
sis  of  phosphate  rock  or  in  the  presence  of  much  phosphoric  acid. 

An  older  method,  still  much  used,  is  the  gravimetric  method  of 
Berzelius  {3),  consisting  of  precipitating  and  weighing  the  fluo¬ 
rine  as  calcium  fluoride.  If  precipitated  alone,  calcium  fluoride 
forms  a  fine  suspension  which  cannot  be  readily  filtered.  It  is 
therefore  precipitated  together  with  calcium  carbonate,  filtered, 
ignited,  and  weighed,  after  which  the  calcium  carbonate  is  re¬ 
moved  by  several  treatments  with  dilute  acetic  acid  and  the  puri¬ 
fied  calcium  fluoride  is  again  ignited  and  weighed.  The  pre¬ 
cipitate  may  be  contaminated  by  sulfates,  phosphates,  and  chro¬ 
mates.  Precipitation  of  calcium  fluoride  in  conjunction  with  the 
oxalate  is  described  by  Starck  and  Thorin  (1J). 

The  tendency  of  calcium  fluoride  to  precipitate  as  a  fine 
suspension  suggested  the  possibility  that  the  precipitate 
might  be  measured  nephelometrically.  Preliminary  results, 
although  promising,  showed  the  need  of  reducing  the  solubility 
by  adding  alcohol  and  of  stabilizing  the  suspension  with  a 
protective  colloid.  Gelatin  was  found  satisfactory  as  a  pro¬ 
tective  colloid,  keeping  the  calcium  fluoride  in  colloidal  sus¬ 
pension  almost  indefinitely. 

The  procedure  finally  developed  gives  results  which  appear 
to  be  accurate  to  about  1  per  cent  of  the  fluorine.  For  samples 
requiring  a  carbonate  fusion  the  lower  limit  of  the  method 
is  about  0.3  per  cent  of  fluorine,  although  for  water-soluble 
materials,  such  as  salines,  a  smaller  percentage  may  be 
determined. 


Preliminary  Separation 
of  Fluorine 

The  preliminary  decomposi¬ 
tion  and  removal  of  silica, 
alumina,  etc.,  is  effected  by  the 
Berzelius  method,  essentially  the 
procedure  given  by  Washington 
{17).  Hydrochloric  acid  is  used 
throughout  the  procedure  in¬ 
stead  of  nitric  acid. 

About  2  grams  of  powdered 
mineral  (or  a  smaller  quantity  if 
the  fluoride  content  is  high)  are 
fused  with  10  grams  of  anhy¬ 
drous  sodium  carbonate  until  decomposition  is  complete.  The 
cake  is  thoroughly  leached  with  hot  water,  filtered,  and  washed. 
If  there  is  any  reason  to  doubt  the  completeness  of  the  extrac¬ 
tion,  the  residue  and  paper  are  ignited  at  a  low  heat  and  fused 
with  2.5  grains  of  sodium  carbonate,  the  cake  is  extracted  as 
before,  and  the  second  extract  added  to  the  first. 

To  the' combined  filtrates,  containing  the  fluorine,  about  3 
grams  of  powdered  ammonium  carbonate  are  added.  The 
solution  is  digested  for  1  horn  at  40°  C.,  allowed  to  cool,  and  1.5 
grams  more  of  ammonium  carbonate  are  added.  After  standing 
12  hours  the  solution  is  filtered,  and  the  beaker  and  precipitate 
are  washed  with  weak  ammonium  carbonate  solution.  The 
filtrate  is  boiled  until  the  odor  of  ammonia  can  no  longer  be  de¬ 
tected.  The  burner  is  removed,  a  few  drops  of  methyl  red  are 
added,  and  then  hydrochloric  acid  is  added  until  the  red  color 
appears.  If  phosphates  are  present  1  ml.  of  0.1  A  ferric  chloride 
is  added,  and  then  weak  sodium  hydroxide  until  the  iron  is  pre¬ 
cipitated  and  the  methyl  red  just  becomes  yellow.  About  0.5 
gram  of  20-mesh  metallic  zinc  in  the  solution  removes  arsenic 
and  prevents  bumping  when  the  solution  is  boiled.  Two  milli¬ 
liters  of  a  strong  solution  of  zinc  oxide  in  ammonium  carbonate 
solution  containing  ammonia  are  added,  and  the  solution  is 
boiled  (covered)  until  free  from  ammonia  and  then  filtered  and 
washed  with  water. 

Most  of  the  determinations  on  minerals,  described  later, 
were  made  using  the  above  procedure  for  removing  silica. 
Double  precipitation  with  zinc  oxide,  as  recommended  by 
Hoffman  and  Lundell  (7),  requires  less  time  and  was  later 
adopted. 

If  sulfates  or  chromates  are  present  in  appreciable  quantity 
they  are  removed  by  adding  barium  chloride,  avoiding  an 
excess.  The  small  quantities  of  sulfates  usually  present  in 
silicates  may  be  ignored. 

The  solution,  in  a  platinum  dish,  is  evaporated  on  the  steam 
bath  to  about  100  ml.,  cooled,  and  filtered  into  a  volumetric  flask 
of  volume  such  that  the  concentration  of  sodium  chloride  will  be 
55  grams  per  liter.  Thus,  if  10  grams  of  sodium  carbonate  were 
used  in  the  extraction  of  fluorine,  a  200-ml.  volumetric  flask  is 
used. 

The  filtrate  is  made  just  acid  to  methyl  red  with  weak  hydro¬ 
chloric  acid,  then  just  alkaline  with  weak  sodium  hydroxide,  di¬ 
luted  to  the  mark,  and  thoroughly  shaken. 

Nephelometric  Measurement  of  Fluorine 

Reagents.  Two  grams  of  gelatin  in  40  ml.  of  distilled  water 
are  heated  on  the  steam  bath  with  occasional  shaking  until  dis¬ 
solved  to  make  the  5  per  cent  gelatin  solution.  If  the  solution 
congeals  on  cooling,  it  is  warmed  slightly  until  fluid.  A  fresh 
solution  should  be  made  every  few  days. 

The  precipitant  is  prepared  by  making  100  ml.  of  a  solution 
containing  20  grams  of  calcium  chloride  just  acid  to  methyl  red 
with  0.1  A  hydrochloric  acid  and  adding  2  ml.  excess  of  0.1  A 
hydrochloric  acid.  This  solution  is  diluted  with  100  ml.  of  dis¬ 
tilled  water  and  filtered  through  an  S.  &  S.  589  or  Whatman  No. 
42  paper. 

Commercial  95  per  cent  alcohol. 


Fluorine  in  minerals  may  be  determined 
with  the  nephelometer  to  about  1  per  cent 
of  the  fluorine.  The  determination  is 
made  on  an  aliquot  of  the  sodium  chloride 
solution  of  the  fluorine,  obtained  by  the 
Berzelius  method  of  extraction.  The  fluo¬ 
rine  is  precipitated  as  colloidal  calcium 
fluoride  in  alcoholic  solution,  gelatin  serv¬ 
ing  as  a  protective  colloid.  Arsenates,  sul¬ 
fates.  and  phosphates,  which  interfere  with 
the  determination,  must  be  removed. 
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MILLIGRAMS  OF  FLUORINE  IN  25ML. 


Figure  1.  Nephelometric  Curves  Obtained  on  Different 

Days 


Sodium  chloride  solution,  55  grams  per  liter,  filtered  through  a 
fine  paper. 

To  make  the  standard  sodium  fluoride  solution,  c.  p.  sodium 
fluoride  is  dissolved  in  water,  filtered,  and  twice  recrystallized. 
The  pure  crystals  are  dried,  crushed,  then  heated  for  2  hours  at 
500°  C.  The  pure  sodium  fluoride  is  kept  in  a  wide-mouth 
glass-stoppered  bottle,  the  stopper  being  coated  with  petrolatum 
to  exclude  moisture.  Of  this  0.2000  gram  is  weighed  accurately 
and  made  up  to  1  liter  with  the  sodium  chloride  solution  (55 
grams  per  liter).  The  flask  is  shaken  until  solution  is  complete; 
then  the  standard  is  stored  in  a  bottle  coated  inside  with  paraffin. 

Apparatus.  The  nephelometer  used  was  a  Bausch  &  Lomb 
Kober  constant  upper-end  type,  with  nephelometer  cups  of  5- 
ml.  capacity  and  lamp-housing  equipment. 

Volumetric  flasks  and  pipets  of  different  capacities. 

Procedure.  A  25-ml.  aliquot  of  the  unknown  solution  is 
taken  with  a  pipet  and  placed  in  a  wide-mouth  glass-stoppered 
bottle.  A  number  of  other  unknown  solutions  may  be  deter¬ 
mined  at  the  same  time.  Twenty-five  milliliters  of  the  stand¬ 
ard  sodium  fluoride  solution  are  measured  into  another  bottle,  1 
ml.  of  5  per  cent  gelatin  solution  is  added  with  a  pipet  to  each 
solution,  10  ml.  of  95  per  cent  alcohol  are  run  into  each  solution, 
and  the  bottles  are  swirled.  Five  milliliters  of  the  precipitant 
are  then  added,  the  solution  being  swirled  during  the  addition  of 
precipitant.  The  bottles  are  then  stoppered  and  shaken  vigor¬ 
ously,  and  the  suspensions  allowed  to  stand  15  minutes. 

The  nephelometer  cups  are  then  rinsed  with  the  standard  sus¬ 
pension,  and  the  standard  placed  on  both  sides  of  the  instrument. 
The  left  side  is  set  at  a  definite  reading,  10  or  20,  the  lamp  turned 
on,  and  the  right  side  adjusted  to  equal  intensity  of  light.  A 
series  of  six  or  more  readings  of  the  right  side  is  taken,  and  the 
right  side  set  at  the  average  of  these  readings.  This  setting  of 
the  right  side  is  retained  for  the  whole  series  of  comparisons  with 
the  standard,  being  potentially  equal  to  the  setting  of  10  or  20 
on  the  left  side  of  the  instrument. 

The  standard  solution  in  the  left  cup  is  discarded,  and  the  cup 
is  rinsed  with  unknown  suspension,  filled  with  the  unknown  sus¬ 
pension,  and  replaced  in  the  instrument.  The  left  side  is  ad¬ 
justed  to  equality  of  light  with  the  right,  four  or  more  readings 
being  taken. 

The  average  of  these  readings  is  the  comparison  of  the 
unknown  with  the  definite  setting  of  the  standard  (10  or  20). 
The  approximate  concentration  of  the  unknown  is  read  from 
the  determined  curves  (Figures  2  and  3)  wffiich  give  the  read¬ 
ings  for  different  concentrations  of  fluoride  compared  with 
a  setting  of  10  for  the  standard  in  Figure  2  and  of  20  for  the 
standard  in  Figure  3. 

This  preliminary  figure  having  been  obtained,  a  part  of 
the  original  unknown  solution  is  diluted  with  sodium  chloride 
solution  (55  grams  per  liter)  to  about  the  same  strength  in 
fluoride  as  the  standard.  An  aliquot  of  this  solution  is  pre¬ 
cipitated  and  compared  nephelometrically,  as  described  above, 
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Figure  2.  Nephelometric  Curve  for  Dilute  Solutions 


with  a  standard  suspension  prepared  at  the  same  time.  In 
the  final  comparison  the  unknown  should  be  within  about  5 
per  cent  of  the  standard.  Usually  two  comparisons  suffice. 
If  the  original  unknown  solution  is  w7eaker  in  fluoride  than 
the  standard,  the  standard  must  be  diluted  to  the  proper 
concentration  for  the  final  comparison;  however,  a  dilution 
of  the  standard  to  less  than  one-third  strength  is  not  practi¬ 
cable. 

The  fluoride  concentration  of  the  final  diluted  unknown 
solution  is  read  from  the  nephelometric  curve  and,  knowing 
the  dilution,  the  quantity  of  fluorine  in  the  sample  is  calcu¬ 
lated. 

Determination  of  the  Nephelometric  Curves 

In  the  determination  of  the  nephelometric  curves  the 
standard  w7as  diluted  with  sodium  chloride  solution  (55  grams 
per  liter)  to  90,  80,  70,  60,  and  50  per  cent  and  comparisons 
w7ere  made  with  a  definite  setting  of  10  for  the  undiluted 
standard.  Knox  gelatin  was  used  as  a  protective  colloid  and 
the  precipitant  was  added  with  a  pipet  draining  in  17  seconds. 
The  values  obtained  are  given  in  Table  I. 

Table  I.  Comparison  of  More  Dilute  Solutions  to 
Standard 

(Standard  =  2.262  mg.  of  fluorine  per  25  ml.  Standard  set  at  10.0) 
Standard  diluted 


90% 

80% 

70% 

60% 

50% 

Dec.  14 

17.99 

18.23 

23.28 

23.42 

30.39 

30.29 

46.75 

46.82 

Dec.  17 

14.20 

13.88 

24.78 

24.79 

49.47 

49.00 

Dec.  18 

14.00 

22.12 

43.09 

These  values  are  plotted  in  Figure  1.  They  fall  precisely 
on  the  curves,  but  the  three  curves  show  a  slight  difference 
in  slope.  This  difference  is  in  part  due  to  a  slight  error  in 
comparison  of  standard  to  standard,  by  which  the  right  side 
of  the  instrument  is  set  at  a  value  equal  to  10  on  the  left 
side.  This  error  would  become  magnified  in  comparing  the 
less  concentrated  solutions.  For  accurate  work  the  unknown 
and  standard  should  be  within  5  per  cent  of  equality  in  fluorine 
concentration,  the  curve  serving  as  a  means  of  approximating 
the  proper  dilutions  to  be  made. 

In  Figure  2  these  values  and  some  others  are  averaged  to 
give  an  average  determined  curve.  The  determined  curve 
is  much  above  the  hypothetical,  in  which  readings  are  assumed 
inversely  proportional  to  concentrations.  This  is  not  objec- 
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Figure  3.  Nephelometric  Curve  for  Concentrated 
Solutions 


tionable,  provided  the  readings  are  reproducible,  as  they  are 
shown  to  be.  Indeed,  the  steepness  of  the  curve  makes  it 
possible  to  obtain  a  much  more  accurate  figure  for  fluorine 
with  the  average  observer’s  sensitivity  to  fight.  Curve  Y  is 
obtained  by  dividing  the  difference  between  the  observed 
reading  and  the  setting  of  the  standard  by  three  and  adding 
this  figure  to  the  setting  of  the  standard.  It  follows  the 
hypothetical  curve  closely  and  was  found  useful  in  calculating 
results. 

More  concentrated  solutions  are  compared  to  the  standard 
in  Table  II,  and  the  values  are  plotted  in  Figure  3.  The  curve 
is  useful  in  determining  the  dilution  necessary  to  make  the 
unknown  and  the  standard  of  approximately  the  same 
strength  for  a  second  comparison.  Some  uncertainty  was 
experienced  in  determining  these  values  because  of  the  dif¬ 
ference  in  appearance  of  the  two  solutions  in  the  nephel- 
ometer.  Solutions  twice  standard  and  stronger  showed  a 
clear  sky-blue  in  the  nephelometer,  whereas  the  standard  in 
comparison  was  a  creamy  yellow. 


Table  II.  Comparison  of  More  Concentrated  Solutions 

to  Standard 

(Standard  =  2.262  mg.  of  fluorine  per  25  ml.  Standard  set  at  20.0) 


Strength  com¬ 
pared  to 
standard 

1.25  1.5 

1.75 

1.875  2 

2.5 

5 

7.5 

10 

14.6  14.5 

15.7 

18.1  19.5 

16.4 

11.9 

6.6 

4.5 

Readings 

14.5 

18.8 

16.3 

17.2 

11.9 

6.7 

4.6 

Protective  Colloid.  The  curves  shown  were  obtained 
by  using  Knox  gelatin  as  a  protective  colloid.  With  Difco 
gelatin  the  curves  were  nearer  the  hypothetical.  It  is  advis¬ 
able  for  each  observer  to  determine  the  nephelometric  curves 
before  proceeding  to  unknown  samples. 

Time  and  Temperature.  Fifteen  minutes  were  allowed 
after  the  addition  of  the  precipitate  for  equilibrium  to  be 


attained.  This  time  interval  was  arbitrarily  taken  and  a 
shorter  period  may  be  found  sufficient. 

The  results  were  obtained  at  a  room  temperature  of  about 
22°  C.  If  the  standard  and  unknown  are  at  the  same  tem¬ 
perature,  variations  in  room  temperature  would  presumably 
have  little  effect. 

Effect  of  Rate  of  Addition  of  Precipitant 

In  Figure  4  is  shown  the  result  of  slower  addition  of  the 
precipitant.  With  a  5-ml.  pipet  that  drains  in  47  seconds  the 
curve  is  definitely  lower  than  that  obtained  when  the  precipi¬ 
tant  is  added  with  a  pipet  draining  in  17  seconds.  If  the 
precipitant  is  added  dropwise  or  the  fluoride  solution  is  added 
to  the  precipitant,  results  showed  that  the  weaker  fluoride 
solution  may  have  greater  light-reflecting  power  than  the 
stronger. 

Stability  of  Suspensions 

A  suspension  was  prepared  from  the  standard  solution  at 
9:30  a.  m.  and  kept  in  a  glass-stoppered  bottle.  At  3:30  p.  m. 
a  second  suspension  was  prepared.  Comparison  in  the 
nephelometer  showed  that  the  first  suspension  was  97.8  per 
cent  of  the  second,  a  comparatively  small  change  for  a  6-hour 
period. 

Duplication  of  Results  in  Absence  of  Interfering 

Elements 

In  order  to  determine  the  accuracy  of  the  method  in  the 
absence  of  interfering  elements  (sulfates,  phosphates,  and 
arsenates)  eleven  suspensions  were  prepared  from  the  standard 
solution  and  compared  in  turn  with  one  selected  for  reference. 
Ten  readings  were  taken  of  the  reference  standard,  and  four 
of  each  succeeding  suspension.  (See  Table  III.) 

The  results  show  a  high  precision  for  nephelometric  work 
{12,  19).  Comparisons  with  preparation  1  were  made  con¬ 
tinuously  in  the  order  left  to  right  across  the  table,  and  the 
poorest  results,  those  on  preparations  6,  7,  and  8,  seem  to  be 
caused  by  a  temporary  eye  strain  rather  than  by  an  error 
in  the  preparation  of  the  suspensions. 

Errors  Due  to  Maladjustment  of  Sodium  Chloride 
Concentration 

Mistakes  in  adjusting  the  sodium  chloride  content  of  the 
solutions  result  in  small  errors;  if  the  sodium  chloride  con¬ 
centration  is  too  high  the  results  are  slightly  low,  and  vice 
versa.  The  standard  for  the  tests  contained  1.697  mg.  of 
fluorine  in  25  ml.  and  the  concentration  of  55  grams  sodium 
chloride  per  liter.  A  solution  containing  the  same  quantity 
of  fluorine  but  with  a  sodium  chloride  concentration  of  69 
grams  per  liter  gave  98.2  per  cent  recovery.  Another  having 
41  grams  sodium  chloride  per  liter  gave  103.3  per  cent  re¬ 
covery.  By  recording  the  approximate  quantity  of  sodium 
carbonate  used  in  the  extraction,  the  proper  dilution  is 
made  to  give  a  concentration  of  55  grams  of  sodium  chloride 
per  liter,  small  differences  in  sodium  chloride  content  having 
little  effect. 


Table  III.  Duplication  in  Preparing  and  Reading  Standard  Suspensions 


Preparation  No. 

Reading 

Calculated  hypothetical  reading 
Per  cent  recovery 


(Preparation  1  taken  as  standard  and  set  at  20.0) 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

20.25 

20.03 

20.05 

20.08 

20.42 

19.45 

20.78 

19.90 

20.22 

19.92 

20.08 

20.01 

20.02 

20.03 

20.14 

19.82 

20.26 

19.97 

20.08 

19.97 

99.6 

100.0 

99.9 

99.9 

99.3 

100.9 

98.7 

100.2 

99.6 

100.2 

Average  per  cent  recovery,  99.8 

Greatest  deviation  from  100  per  cent  recovery,  1.3  per  cent 
Average  deviation  from  100  per  cent  recovery,  0.4  per  cent 
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Effects  of  Interfering  Substances 

Some  effects  of  sulfates,  phosphates,  arsenates,  and  am¬ 
monium  salts  on  the  results  are  shown  in  Table  IV.  Sulfate 
was  added  as  anhydrous  NaoSCfi,  phosphate  as  KH2P04,  and 
arsenate  as  Na2HAs0412H20. 

Table  IV.  Effect  of  Interfering  Substances 


Fluorine 

Fluorine 
on  2-Gram 
Sample 

Inter¬ 

fering 

Substance 

Inter¬ 
fering 
Substance 
on  2-Gram 
Sample 

Recovery 
Shown  by 
Nephel- 
ometer 
Reading 

Fluorine 

Found 

Gram 

% 

Gram 

% 

% 

% 

0.01629 

0.81 

0.021  SOa 

1 . 0  SOa 

99.3 

0.80 

0.01086 

0.54 

0.021  SOa 

1 . 0  SOa 

103.3 

0.56 

0.01086 

0.54 

0.021  SOa 

1 . 0  SOa 

103.0 

0.56 

0.01358 

0.68 

0.008  PaOs 

0.4  PaOs 

121.5 

0.83 

0.01810 

0.91 

0.0005  AsaOs 

0 . 03  AsaOs 

106.5 

0.97 

0  01358 

0.68 

0.02  NH<C1 

. . . 

100.4 

0.68 

The  results  in  Table  IV  show  that  the  quantity  of  sulfate 
taken  causes  a  slight  plus  error  when  the  fluoride  content  of 
the  sample  is  low,  but  its  effect  is  negligible  when  as  much  as 
0.80  per  cent  of  fluorine  is  present  in  a  2-gram  sample.  This 
is  due  to  the  steep  nephelometric  curve  for  fluorine,  the  slight 
turbidity  caused  by  co-precipitation  of  sulfate  being  noticeable 
only  in  weakly  turbid  solutions.  A  large  positive  error  re¬ 
sults  in  weak  fluoride  solutions  when  a  little  phosphate  is 
present,  but  this  likewise  would  be  less  for  high  percentages 
of  fluorine.  A  small  quantity  of  arsenic  causes  an  appreciable 
error.  Failure  to  remove  ammonium  salts  completely  seems 
to  have  little  or  no  effect. 

The  precipitation  with  zinc  to  remove  the  last  traces  of 
silica,  in  the  Berzelius  method  of  extraction,  does  not  remove 
the  phosphate  sufficiently.  A  solution  containing  0.0152 
gram  of  phosphate  and  0.01358  gram  of  fluorine  in  200  ml. 
gave  108.8  per  cent  recovery  after  the  zinc  treatment;  and 
a  solution  having  the  same  quantity  of  phosphate  and 
0.00905  gram  of  fluorine  gave  128  per  cent  recovery.  A 
fairly  satisfactory  method  of  removing  this  quantity  of 
phosphate  was  to  add  1  ml.  of  0.1  M  ferric  chloride  before 
precipitation  with  zinc  oxide,  but  no  method  wTas  found  for 
removing  phosphate  so  completely  as  to  cause  no  interference 
in  the  fluorine  determination. 

Sulfates  may  be  removed  with  barium  chloride.  An  excess 
must  be  carefully  avoided,  however,  as  it  leads  to  high  results 
for  weak  fluoride  solutions  and  removes  fluorine  when  the 
fluoride  content  is  high,  as  illustrated  by  the  high  and  low 
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RATIO  OF  SOLUTIONS 

Figure  4.  Effect  of  Rate  of  Adding  Precipitant 


results  in  the  middle  section  of  Table  V,  wThere  barium  chloride 
was  used  in  the  absence  of  sulfate. 

Arsenic  may  be  satisfactorily  removed  by  adding  about 
0.5  gram  of  20-mesh  metallic  zinc  before  the  addition  of  zinc 
oxide.  During  boiling  to  remove  ammonia,  the  metallic 
zinc  reduces  arsenates  and  at  the  same  time  prevents  bump¬ 
ing. 

Results  obtained  after  using  these  treatments  to  remove 
interfering  elements  are  given  in  Table. V. 


Table  V.  Removal  of  Interfering  Elements 


Treatment 

Wt. 

Fluorine 
on  2- 

Interfering 

Substance 

Recov¬ 

ery 

Shown 

by 

Nephel- 

ometer 

Fluo- 

of  Solu- 

of 

Gram 

Interfering 

on  2-Gram 

Read- 

rine 

tion 

Fluorine  Sample 

Substances 

Sample 

ing 

Found' 

Gram 

% 

Gram 

% 

% 

% 

Metallic 

0.01810 

0.91 

0.0027  AsaOs 

0.14  AsaOs 

101.2 

0.92 

zinc  (ZnO) 

0.01358 

0.68 

0.0027  AsaOs 

0. 14  AS2O5 

100.6 

0.68 

0.00905 

0.45 

0 . 0027  AsaOs 

0.14  AsaOs 

101.9 

0.46 

0.00905 

0.45 

0.0027  AsaOs 

0 . 14  AS2O5 

100.4 

0.45 

0.01358 

0.68 

None 

None 

100.0 

0.68 

5  ml.  of  2% 

0.01810 

0.91 

None 

None 

100.9 

0.92 

BaCla 

0.01810 

0.91 

0.021  SOa 

1 . 1  SOa 

100.9 

0.92 

0.00905 

0.45 

None 

None 

151.0 

0.68 

0.00905 

0.45 

None 

None 

171.5 

0.77 

0 . 00905 

0.45 

0.021  SOa 

1. 1  SOa 

100.1 

0.45 

0.04525 

2.26 

None 

None 

96.8 

2.19 

0.04525 

2.26 

0.021  SOa 

1 . 1  SOa 

97.8 

2.21 

FeCR-ZnO, 

0.00905 

0.45 

0.021  SOa 

1 . 1  SOa 

106.2 

0.48 

5  ml.  of 
2%  BaCla 

0.01358 

0.68 

0.004  CraOa 
0.008  PaOs 
0.021  SOa 

0 . 2  CraOa 
0.4  PaOs 

1 . 1  SOa 

102.0 

0  69 

0.1810 

9.05 

0.004  CraOa 

0 . 008  PaOs 
0.021  SOa 

0 . 2  CraOa 
0.4  P2O5 

1.1  SOa 

100.3 

9.08 

0.0905 

4.53 

0 . 004  CraOa 
0.008  PaOs 
0.021  SOa 

0 . 2  CraOa 

0 . 4  PaOs 

1 . 1  SOa 

100.1 

4.53 

0.1810 

9.05 

0.004  CraOa 
0.008  PaOs 
None 

0.2  CraOa 

0 . 4  PaOs 
None 

97.8 

8.85 

Failure  of  Method  for  Phosphate  Minerals 

The  method  was  not  found  satisfactory  for  materials  of 
high  phosphate  content,  owing  to  incomplete  extraction  of 
fluorine  {9)  and  to  failure  to  remove  all  the  phosphate.  For 
known  solutions  of  high  phosphate  content,  two  precipitations 
with  a  large  excess  of  zinc  oxide  gave  slightly  high  results 
for  fluorine.  Two  precipitations  with  1  ml.  of  ferric  chloride 
in  combination  with  zinc  oxide  were  better,  but  caused  the 
loss  of  a  small  portion  of  the  fluorine  when  present  in  large 
quantity.  A  higher  concentration  of  hydrochloric  acid  in 
the  precipitant  might  prevent  the  co-precipitation  of  phos¬ 
phate,  but  would  probably  change  the  nephelometric  rela¬ 
tionships. 

The  results  obtained  on  some  phosphates,  after  removal  of' 
phosphate  by  two  treatments  with  ferric  chloride  and  zinc 
oxide,  are  given  in  Table  VI.  The  fluoride  solution  obtained 
from  triplite  failed  to  follow  the  nephelometric  curve  on 
dilution,  showing  that  the  phosphate  was  not  completely 
removed.  The  figure  given  for  the  fluorine  in  triplite,  there¬ 
fore,  is  probably  high.  The  tests  on  phosphate  rock  seem  to. 
show  incomplete  removal  of  fluorine. 

Table  VI.  Discrepancies  with  Phosphate  Minerals 


Fluorine 

Fluorine 

by  Other 

Sample 

Locality 

Found 

Methods 

% 

% 

Triplite 

Amelia,  Va. 

9.76 

9.58® 

8.93& 

Phosphate  rock 

Wyoming 

2.83 

3.58' 

Phosphate  rock 

Tennessee 

2.93 

3.75' 

Phosphate  rock 

Florida 

3.14 

3 . 89  « • 

a  J.  G.  Fairchild  by  volumetric. 
i>  J.  G.  Fairchild  by  Berzelius. 

'  Distillation,  Reynolds,  Ross,  and  Jacob 
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Results  with  the  Method 

In  Table  VII  are  given  determinations  on  silicates  and 
fluorine-containing  minerals.  The  two  results  on  phlogopite 
check  closely;  no  theoretical  figure  for  fluorine  is  given,  as 
the  fluorine  content  of  phlogopite  varies.  Results  on  gearksu- 
tite  and  creedite  are  much  closer  to  the  calculated  theory 
than  previous  determinations.  Bureau  of  Standards  standard 
sample  91  gave  a  figure  in  fair  agreement  with  the  result 
obtained  by  Hoffman  with  the  lead  chlorofluoride  method. 
In  topaz  hydroxyl  replaces  fluorine,  so  that  no  theoretical 
figure  for  fluorine  is  given.  The  topaz  listed  is  unusual  in 
having  a  high  water  content  (2.67  per  cent  of  combined  water) 


Table  VII.  Results  with  the  Method 


Fluorine 

Sample 

Locality 

Found 

Theory- 

% 

1. 

Phlogopite 

Kings  Mountain, 

N.  C. 

4.31 

4.34 

2. 

Fluorite 

Rosielare,  Ill. 

48.65 

48. 68 

3. 

Gearksutite 

Wagon  Wheel  Gap, 

Colo. 

42.30 

42.9 

4.  Creedite  Wagon  Wheel  Gap, 

Colo.  30.96  30.9 


5.  Bureau  of  Stand¬ 
ards  standard  sam¬ 
ple  91,  opal  glass  .  5.83 


6.  Topaz  Jefferson,  S.  C.  13.23 


Results  by 
Other  Methods 


Average  of  re¬ 
sults  by  three 
different  ana¬ 
lysts  using 
Berzelius 
method,  41.2 

R.  C.  Wells  by 
difference, 
30.35 


J.  I.  Hoffman 
by  lead  chlo¬ 
rofluoride 
method,  5.75 


and  hence  a  low  fluorine  content  (13.23  per  cent).  The 
complete  analysis  gave  a  summation  of  100.13,  after  sub¬ 
tracting  the  oxygen  equivalent  of  the  fluorine. 

Literature  Cited 

(1)  Armstrong,  Ind.  Eng.  Chem.,  Anal.  Ed.,  5,  300-2  (1933). 

(2)  Barr  and  Thorogood,  Analyst,  59,  378-80  (1934). 

(3)  Berzelius,  Schweigg.  J.,  16,  426  (1816). 

(4)  Fairchild,  J.  Washington  Acad.  Sci.,  20,  141  (1930). 

(5)  Foster,  Ind.  Eng.  Chem.,  Anal.  Ed.,  5,  234  (1933). 

(6)  Hillebrand  and  Lundell,  “Applied  Inorganic  Analysis,”  p.  601, 

New  York,  John  Wiley  &  Sons,  1929. 

(7)  Hoffman  and  Lundell,  Bur.  Standards  J.  Research,  3,  581 

(1929). 

(8)  Knoblock,  Pharm.  Ztg.,  39,  558  (1894). 

(9)  Reynolds  and  Jacob,  Ind.  Eng.  Chem.,  Anal.  Ed.,  3,  366  (1931). 

(10)  Reynolds,  Ross,  and  Jacob,  J.  Assoc.  Official  Agr.  Chem.,  11,  225 

(1928). 

(11)  Sanchis,  Ind.  Eng.  Chem.,  Anal.  Ed.,  6,  134-5  (1934). 

(12)  Snell  and  Snell,  “Colorimetric  Methods  of  Analysis,”  New  York, 

D.  Van  Nostrand  Co.,  1936. 

(13)  Starck,  Z.  anorg.  Chem.,  70,  173  (1911). 

(14)  Starck  and  Thorin,  Z.  anal.  Chem.,  51,  14  (1912). 

(15)  Steiger,  J.  Am.  Chem.  Soc.,  30,  219  (1908). 

(16)  Thompson  and  Taylor,  Ind.  Eng.  Chem.,  Anal.  Ed.,  5,  87-9 

(1933). 

(17)  Washington,  “Chemical  Analysis  of  Rocks,”  p.  264,  New  York, 

John  Wiley  &  Sons,  1930. 

(18)  Wilcox,  Ind.  Eng.  Chem.,  Anal.  Ed.,  6,  167-9  (1934). 

(19)  Yoe,  “Photometric  Chemical  Analysis,”  New  York,  John  Wiley 

&  Sons,  1929. 

Received  March  11,  1936.  Presented  before  the  Division  of  Physical  and 
Inorganic  Chemistry  at  the  91st  Meeting  of  the  American  Chemical  Society, 
Kansas  City,  Mo.,  April  13  to  17,  1936.  Published  by  permission  of  the 
Director,  U.  S.  Geological  Survey. 


Microvaporimetric  Determination  of 

Molecular  Weight 

JOSEPH  B.  NIEDERL,  OTTO  R.  TRAUTZ,  AND  ALBERT  A.  PLENTL 
Washington  Square  College,  New  York  University,  New  York,  N.  Y. 


IN  1929  Niederl  {26)  described  a  simple  microvaporimetric 
method  for  the  determination  of  the  vapor  density  or  the 
molecular  weight  of  low-boiling  liquids.  This  method  was 
improved  {29)  so  that  the  results  were  within  =±=  2  per  cent  of 
the  theoretical  {24, 27) ;  consequently,  its  application  to  higher 
boiling  substances  for  temperatures  up  to  200°  C.  was  inves¬ 
tigated  {28).  But  the  difficulty  of  obtaining  temperature 
constancy  increased  proportionally  with  the  rise  in  tempera- 
ture,  so  much  so  that  such 
improvements  as  a  fused-in 
thermometer  and  other  suit¬ 
able  changes  in  apparatus 
did  not  appreciably  increase 
the  accuracy  of  the  results. 

Further  experimental  studies 
finally  led  to  the  develop¬ 
ment  of  a  method  for  tem¬ 
peratures  up  to  320°  C.,  re¬ 
taining  all  the  favorable  fea¬ 
tures  of  the  low-temperature 
method,  such  as  visual  ob¬ 
servation  of  the  boiling  and 
condensing  point,  as  well  as 
repetition,  and  to  the  con¬ 
struction  of  the  improved, 


yet  extremely  simple  and  inexpensive  apparatus  as  set  forth  in 
this  communication. 

Principle  of  the  Method 

A  few  milligrams  of  a  substance,  either  liquid  or  solid,  are 
vaporized  in  a  closed  system  in  such  a  way  as  to  permit  an 
accurate  indirect  volume  determination  with  suitable  pro¬ 
visions  for  pressure  and  temperature  control  and  constancy 

at  any  point  for  a  temperature 
range  of  300°  C. 

The  method  is  not  merely 
a  miniature  macromethod, 
but  may  be  compared  with 
the  classical  vapor  density 
macromethods  of  Hofmann 
{16)  and  Meyer  {22).  Mer¬ 
cury,  the  sealing  fluid,  is 
displaced  instead  of  air  as 
in  the  older  method.  Both 
methods  {9,  11,  32)  and  to  a 
lesser  degree  their  many  modi- 
fications  {3,  5,  6-8,  10,  15, 
18,  20,  21,  23,  30)  as  well  as 
the  vapor  density  method  of 
Dumas  {12)  and  others  {31) 


The  previously  described  micromethod 
for  determining  vapor  density  of  low- 
boiling  liquids  has  been  suitably  modified 
to  include  high-boiling  liquid  and  solid 
substances  of  various  types.  The  results 
obtained  compare  favorably  with  any  of  the 
existing  macro-  or  mieromethods  based 
upon  similar  principles.  The  method,  in 
addition  to  the  determination  of  the  mo¬ 
lecular  weight,  permits  repetition  as  well 
as  simultaneous  observation  of  the  boiling 
and  condensing  point  on  a  single  sample  of 
a  few  milligrams  in  weight. 
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have  found  their  application  in  quantitative  organic  micro¬ 
analysis  (4). 


Apparatus 

The  apparatus  consists  of  a  round-bottomed  Pyrex  flask,  F, 
which  is  7  to  8  cm.  in  diameter  and  has  a  capacity  of  about  350 
cc.  Its  neck  (7  to  8  cm.  long)  is  not  in  the  center  but  tangent  to 
the  flask  surface  and  has  an  inner  diameter  of  about  2  cm.  By 
means  of  an  interchangeable  ground-glass  (No.  15)  joint  either  a 
Liebig  water  condenser  or  a  plain  air  condenser,  C,  of  inner 
diameter  large  enough  (10  to  12  mm.)  to  permit  the  insertion  of  a 
thermometer,  T,  and  about  50  cm.  in  length,  is  connected  to 
the  flask,  which  serves  as  the  container  of  the  bath  liquid.  The 
Pyrex  glass  vaporimeter,  V,  consists  of  the  vaporizer  which  has 
the  shape  of  a  slightly  elongated  (egg-shaped)  bulb,  B,  of  from 
12-  to  15-cc.  capacity  and  the  hollow  stem,  S,  which  is  11  cm. 
long.  Its  inner  diameter  is  6  mm.  The  glass  bulb,  B,  is  attached 
to  the  hollow  stem,  S,  at  an  angle  of  about  45°.  It  is  important 
that  the  inner  diameter  of  the  bend  between  the  vaporizer  and 
the  stem  be  slightly  larger  (7-mm.  inner  diameter)  than  the 
inner  diameter  of  the  rest  of  the  stem.  The  capillary  outlet  tube, 
0,  is  also  bent  at  an  angle  of  45°  and  has  an  outer  diameter  of 
5  mm.  and  an  inner  diameter  of  2  mm.  Its  horizontal  arm  is 
about  10  cm.  long,  while  its  oblique  arm  together  with  the  inter¬ 
changeable,  hollow  ground-glass  joint,  J  (No.  5),  is  5  cm.  long. 

Between  this  glass  joint  and  the  bend  there  are  also  two  glass 
hooks,  H',  for  the  attachment  of  steel  springs  leading  to  the  glass 
hooks  of  the  stem,  thus  preventing  any  loosening  of  this  connec¬ 
tion  during  the  experiment.  The  entire  vaporimeter,  V,  which 
thus  assumes  the  form  of  a  curved  pipe,  is  fused  into  the  heating 
flask  opposite  its  neck  at  an  angle  of  about  45°  in  such  a  manner 
that  the  glass  bulb,  B,  is  fairly  in  the  center  of  the  heating  flask, 
F.  The  orifice  of  the  ground-glass  joint  extends  at  least  5  cm. 
above  the  heating  jacket.  The  thermometer,  T,  is  introduced 
through  the  condenser,  C,  into  the  bath  liquid  and  is  held  in 
position  by  means  of  a  fine  flexible  wire.  A  centrifuge  tube  of 
about  15-cc.  capacity,  which  is  bent  downward  below  the  side 
arm  at  an  angle  of  about  45°,  serves  as  the  receiver,  R,  for  the 
displaced  mercury.  By  means  of  a  suitably  bent  wire  this  re¬ 
ceiver  is  attached  to  the'top  hook  of  the  weighing  pan  of  the 
analytical  balance.  This  and  all  the  previously  described  ap¬ 
paratus  were  made  by  Eck  and  Krebs,  131  West  24th  St.,  New 
York,  N.  Y.,  who  together  with  Eimer  and  Amend,  Third  Ave. 
and  18th  St.,  New  York,  N.  Y.,  are  able  to  supply  these  instru¬ 
ments  at  reasonable  cost. 


Reagent 

The  mercury  used  as  the  sealing  liquid  must  be  free  from 
volatile  substances.  Of  the  many  purification  procedures  for 
mercury,  the  following  was  found  to  be  entirely  adequate: 

Mercury  (commercial,  c.  p.,  or  reclaimed)  is  allowed  to  fall  in 
a  fine  stream  through  a  column  of  dilute  nitric  acid  (10  per  cent) 
or  concentrated  sulfuric  acid.  After  separation  it  is  treated  in 
a  similar  manner  with  water,  then  with  acetone  and  finally  again 
with  distilled  wrater.  After  separation,  the  mercury  is  placed  in 


a  thick-walled  round-bottomed  flask  and  while  attached  to 
a  water  suction  pump  it  is  heated  in  an  oil  or  sand  bath  to  250°  C. 

Preparation  of  the  Sample 

Solids.  Soft-glass  capillaries  not  less  than  1.5  mm.  in  inner 
diameter  are  prepared  by  drawing  out  either  soft-glass  test  tubes 
in  a  blast  lamp,  or  soft-glass  tubing  in  a  wing  burner.  These 
capillaries  are  then  cut  to  about  8  to  9  cm.  in  length  (Figure  2, 
No.  2).  One  of  the  capillaries,  the  outside  of  which  is  cleaned 
by  drawing  it  through  a  clean  piece  of  cotton  fabric,  is  weighed 
to  the  nearest  0.001  mg.  The  reproducibility  of  the  weighings 
need  not  be  greater  than  ±0.005  mg.,  and  any  microchemical 
balance  showing  this  sensitivity  at  a  load  of  from  0  to  1  gram 
can  be  used  for  this  determination.  Such  capillaries  weigh  usually 
about  150  to  200  mg.  and  are  counterpoised  by  either  another 
capillary  or  the  standard  weights. 

The  solid  substance  to  be  analyzed  is  now  melted  on  a  micro¬ 
scope  slide,  on  a  watch  glass,  or  in  a  capillary  of  wider  bore.  The 
weighed  capillary  is  brought  into  contact  with  the  molten  sub¬ 
stance  which  by  capillary  attraction  is  allowed  to  rise  in  the 
capillary  to  a  height  of  not  more  than  4  mm.  The  capillary  with 
the  molten  substance,  3  to  9  mg.,  is  then  withdrawn  and  allowed 
to  cool.  If  no  crystallization  takes  place  upon  cooling,  the 
capillary  is  dipped  for  a  moment  into  the  remaining  solid  sample. 
After  crystallization,  the  outside  of  the  capillary  is  cleaned,  and  it 
is  weighed  again  as  described. 

If  the  substance  is  a  solid,  which  does  not  melt  but  sublimes, 
the  capillary  as  prepared  above  is  sealed  at  one  end  and  weighed 
in  this  condition  (Figure  2,  No.  3).  The  sample  is  then  introduced 
as  in  the  taking  of  melting  points.  To  ensure  compactness,  the 
capillary  is  allowed  to  drop  on  a  glass  surface  through  a  vertical 
glass  tubing  at  least  1  meter  in  length.  Cleaning  and  weighing  of 
the  capillary  thus  prepared  are  done  as  described  above. 

Liquids.  Liquids  of  high  viscosity  or  semi-solids  may  be 
introduced  in  the  same  way  as  crystalline  solids,  using  capillaries 
open  at  both  ends  (Figure  2,  No.  2).  Otherwise  liquids  are  in¬ 
troduced  by  means  of  capillary  weighing  pipets  ( 1 )  prepared 
according  to  Pregl  (33,  34),  omitting  the  potassium  chlorate 
(Figure  2,  a,  b,  c ).  These  weighing  pipets,  however,  should  be 
shorter  and  of  wider  inner  diameter  (2  mm.). 

Procedure 

Introduction  op  the  Sample.  The  bath  liquid  is  first  re¬ 
moved  from  the  flask  and  placed  in  a  suitable  container  for  re-use, 
and  the  flask  is  stoppered.  The  capillary  outlet  tube  is  detached, 
by  first  removing  the  steel  springs  and  then  slowly  withdrawing 
it  from  the  ground-glass  joint,  holding  the  apparatus  over  a 
trough  or  other  device  to  collect  any  spilled  mercury.  The 
mercury  from  the  vaporimeter  is  emptied  into  a  suitable  bottle, 
and  at  the  same  time  the  capillary,  which  served  as  the  container 
of  the  substance,  is  removed.  A  little  acetone  (about  1  to  2  cc.) 
or  other  volatile  organic  solvent  is  introduced  into  the  vapor- 
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imeter,  and  the  apparatus  is  well  shaken,  while  the  opening  of 
the  vaporimeter  is  closed  with  the  finger  or  a  small  cork.  The 
solvent  is  removed  and  this  operation  repeated  at  least  three 
times.  The  apparatus  is  then  placed  in  an  oven  at  about  100°  C. 
and  while  still  warm  the  outlet  of  the  vaporimeter  is  attached  to 
a  suction  pump  to  ensure  the  complete  removal  of  the  solvent. 
The  sample  to  be  analyzed  is  introduced  into  the  cooled  apparatus 
as  follows: 

Solids.  The  weighed  capillary,  open  at  one  or  both  ends,  is 
cut  about  2  mm.  above  the  substance.  This  section  of  the  capil¬ 
lary,  the  entire  length  of  which  should  not  be  more  than  8  mm. 
(Figure  2,  Nos.  2  and  3),  or  short  enough  so  that  it  can  pass  the 
bend  of  the  vaporizer,  is  allowed  to  slide  into  the  bulb  of  the 
vaporimeter. 

Liquids.  The  stem  of  the  capillary  pipet  is  cut  off  just  below 
the  center  bulb,  and  the  pipet  is  centrifuged  to  remove  all  liquid 
from  its  hair-fine  end.  While  the  pipet  is  held  at  this  hair-fine 
ending,  it  is  cut  just  above  the  center  bulb  (Figure  2,  No.  1) 
and  the  bulb  containing  the  substance  is  allowed  to  slide  into 
the  vaporizer.  Special  precautions  are  necessary  for  very  volatile 
liquids,  such  as  diethyl  ether,  divinyl  ether,  acetaldehyde,  etc. 
In  this  case,  previous  to  the  introduction  of  sample,  ice  water  is 
introduced  into  the  flask  which  is  then  stoppered.  The  mercury 
and  the  sealed  and  weighed  capillary  are  cooled  similarly. 

Filling  the  Apparatus.  Mercury,  cleaned  and  dried  as 
described  above,  is  poured  into  the  vaporimeter  while  the  entire 
apparatus  is  held  or  placed  in  a  suitable  trough.  This  filling 
operation  is  accomplished  with  a  minimum  of  spilling  by  using  a 
Kells-Ringer  flask  or  similar  device  having  double  outlets,  one 
of  which  has  a  fine  opening.  By  proper  tilting  of  the  flask, 
the  entire  bulb  and  then  the  entire  stem  up  to  the  ground-glass 
joint  are  easily  filled  with  mercury.  The  joint  of  the  capil¬ 
lary  outlet  tube  is  greased  lightly  and  the  tube  is  inserted  into 
the  stem  of  the  vaporimeter,  thus  filling  the  outlet  tube  with 
mercury  to  about  one-third.  The  steel  springs  are  then  at¬ 
tached.  The  outlet  tube  is  filled  completely  with  mercury 
by  means  of  a  pipet,  prepared  by  drawing  out  an  ordinary  glass 
tubing  to  a  capillary,  fine  enough  so  that  it  fits  about  2  cm. 
into  the  capillary  outlet  tube.  This  pipet  has  a  rubber  cap  and 
by  proper  inflation  a  small  amount  of  mercury  is  drawn  into  the 
pipet.  The  pipet  is  then  inserted  into  the  capillary  outlet  tube 
and  a  small  amount  of  mercury  introduced  by  the  application  of 
pressure  to  the  rubber  cap.  The  column  of  mercury  so  introduced 
can  be  made  to  join  the  mercury  column  in  the  capillary  outlet  tube 
by  introducing  and  withdrawing  a  fine  wire  (copper,  platinum, 
etc.).  Repetition  of  this  operation  soon  fills  the  outlet  tube 
completely  with  mercury.  Finally,  the  weighed 
receiver  is  attached  to  the  capillary  outlet  as  shown 
in  Figure  1  and  the  entire  apparatus  is  placed  on 
a  suitable  stand,  provided  with  a  ring  clamp  and 
wire  gauze.  The  bath  liquid  is  next  introduced, 
and  should  cover  about  two-thirds  of  the  bulb  of  the 
vaporimeter.  Small  pieces  of  porous  tile  or  boiling 
point  capillaries  are  added  and  the  condenser  is 
attached  (air  condenser  for  bath  liquids  boiling 
above  170°  C.).  A  thermometer  is  introduced 
through  the  condenser  into  the  bath  liquid  so  that 
its  mercury  bulb  is  completely  immersed,  and  is 
held  in  this  position  by  means  of  a  flexible  wire 
(copper,  etc.).  In  order  to  attain  equilibrium  of 
temperature,  the  apparatus  is  allowed  to  remain  in 
this  condition  for  about  5  minutes,  after  which  period 
the  starting  temperature,  T\,  is  read.  Any  mercury 
that  may  have  entered  the  receiver  is  removed  and 
the  receiver  re-attached. 

Heating.  After  the  initial  starting  temperature, 

T i,  has  been  ascertained,  the  apparatus  is  heated 
rather  rapidly  up  to  near  the  boiling  point  of  the 
bath  liquid.  The  heating  may  be  accomplished 
electrically,  by  applying  a  free  flame,  or  using  suitable 
heating  baths  (oil,  sand,  or  Wood’s  metal  bath).  As  soon  as  the 
bath  liquid  begins  to  boil,  the  heating  is  reduced  to  a  minimum 
and  the  boiling  is  continued  for  exactly  2  minutes,  at  which  time 
the  thermometer  inside  the  condenser  is  again  read  to  give  the 
end  temperature,  TV  After  this  reading  the  heating  is  discon¬ 
tinued  and  the  entire  apparatus  allowed  to  cool.  The  receiver 
containing  the  displaced  mercury  is  removed  and  weighed  on  an 
ordinary  analytical  balance  to  ±0.01  gram. 


From  the  amount  of  mercury  displaced  at  several  tempera¬ 
ture  points  (three  are  sufficient)  a  graph  may  be  plotted, 
from  which  the  amount  of  mercury  collected  from  this  par¬ 
ticular  apparatus  may  be  ascertained  for  any  temperature 
up  to  the  boiling  point  of  mercury. 


M  =  62351 


Calculation 

wt  (273.2  +  Tj) 


M 

wt 

T2 


molecular  weight 
weight  of  sample 
final  temperature 


VP 


V  = 


g  -  fa  (T2  -  TO] 


—  vs 


V 

g 

Cl 

Ti 

t2 

d 


C. 


vs  = 


volume  of  vapor 
weight  of  displaced  mercury 
correction  for  expansion  per  1 c 
initial  temperature,  °  C. 
final  temperature,  0  C. 
density  of  mercury  at  T2 

volume  of  the  sample  (approximately  1  cu.  mm. 

per  mg.) 


P 

Pi 

V2 


Vi 

V 


P  =  Pi  +P2  -  Ps  +  p 

pressure  of  vapor 

barometer  reading 

vertical  distance  in  mm.  between  the  mercury  meniscus 
in  the  vaporizer  and  the  orifice  of  the  capillary  outlet 
tube 

vapor  pressure  of  mercury  at  T% 

capillary  depression  of  mercury  in  outlet  tube  (+8  mm.); 
temperature  reduction  of  barometer  (—2  mm.  at  15°  C., 
—4  mm.  at  32°  C.);  density  reduction  of  mercury  in 
stem  of  vaporimeter  for  that  portion  of  the  stem  of 
vaporimeter  which  is  inside  of  heating  chamber  ( —  1  mm. 
for  T2  =  100°  C.,  —2  mm.  for  T2  =  180°  C.,  —3.5  mm. 
for  T2  =  320°  C.) 


The  net  value  of  p  is  usually  small  (about  +0.5  per  cent  of 
P )  and  within  the  limits  of  accuracy  and  precision  of  this  method, 
therefore,  for  practical  purposes  this  correction  may  be  omitted. 


Table  I.  Typical  Molecular  Weight  Determinations 


(Results  obtained  by  students  while  learning  the  method,  25) 

Molecular  Weight 


Substance 

Bath  Liquid 

Weight  V 

IT 

IT 

P 

Found  Theoret 

Methyl  alcohol 

Water 

Mg. 

5.556 

Cu.  mm. 

4.585 

25 

100 

852 

33 

32 

Ethyl  alcohol 

4.552 

2.666 

25 

100 

852 

46 

46 

Bromobenzene 

p-Cymene 

3.047 

0.625 

27 

180 

839 

164 

157 

Propionic  acid 
anhydride 
Menthol 

2.779 

0.729 

24 

180 

850 

128 

130 

a  -  Naphthyl 

4.533 

1.372 

31 

269 

730 

153 

156 

Naphthalene 

methyl 

ether 

6.062 

2.135 

28 

267 

750 

128 

128 

Thymol 

7.899 

2.449 

28 

268 

740 

147 

150 

Benzyl  alcohol 

10.125 

4.007 

25 

268 

764 

110 

108 

Diphenyl  amine 

Benzyl  ben¬ 

9.170 

4.016 

29 

318 

499 

169 

169 

Benzoic  acid 

zoate 

3.096 

1.952 

25 

319 

503 

119  ’ 

122 

ci,  0.028  gram  of  mercury 

0  CS 

100 

180 

270 

320 

d  (.19) 

13.352 

13.160 

12.947 

12.829 

P3  (19) 

'  9 
123 
368 

Further  Modifications  of  Method 


Correction  for  Heat  Expansion  of  Apparatus.  By 
performing  the  experiment  as  described  above,  but  using  an 
empty  capillary  without  a  sample,  it  is  possible  to  determine 
how  much  mercury  is  expelled  by  heat  expansion  of  the 
mercury  and  glass  and  by  other  minor  factors,  C\{T2  —  T i), 
while  the  apparatus  is  heated  from  T\  to  T2. 


Although  the  vapors  of  the  substance  are  not  in  contact 
with  air,  a  fact  which  lessens  the  danger  of  possible  oxidation, 
they  are  under  a  pressure  greater  than  atmospheric  (about 
100  mm.) .  This  pressure,  however,  may  be  diminished  through 
partial  evacuation,  by  attaching  the  side  arm  of  the  receiver 
to  a  suction  pump  with  provision  for  the  maintenance  of  a 
constant  although  lower  pressure  (300  mm.,  etc.).  The  de¬ 
termination  may  be  repeated  on  the  same  sample  by  attach¬ 
ing  a  side-arm  test  tube  containing  sufficient  mercury  to  the 
orifice  of  the  capillary  outlet  tube  at  the  end  temperature, 
T2,  and  allowing  the  apparatus  to  cool.  After  cooling,  an 
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equivalent  amount  of  mercury,  which  can  be  determined 
quantitatively,  is  drawn  back  into  the  apparatus.  The  filling 
of  the  vaporizer  may  be  carried  out  also  by  evacuation  of  the 
vaporimeter  already  containing  the  nonvolatile  sample  and 
by  suitable  arrangement  allowing  mercury  to  enter  this  por¬ 
tion  of  the  apparatus.  The  boiling  and  condensation  points, 
which  can  be  simultaneously  observed  and  ascertained,  are 
comparable  with  the  results  obtainable  with  other  micro¬ 
methods  already  known  [2,  5,  13,  14,  17,  35-38),  corrections 
for  the  higher  pressure,  p\  and  p2,  being  necessary.  By 
slightly  enlarging  the  bulb  (vaporizer)  of  the  vaporimeter 
without  changing  the  apparatus  otherwise,  larger  samples 
(10  to  20  mg.)  can  be  used  which  need  to  be  weighed  only  to 
±0.05  mg.,  a  precision  obtainable  with  any  good  macro¬ 
chemical  balance,  eliminating  the  use  of  a  microchemical 
balance. 
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Saponification  Numbers  of  Asphaltic 
Petroleum  Residues 

Pressure-Agitation  Method 


JOHANNES  H.  BRUUN  AND  LAWRENCE  W.  CLAFFEY,  Sun  Oil  Company  Research  Laboratory,  Norwood,  Pa. 


THE  determination  of  the  saponification  numbers  of  the 
black  asphaltic  residues  encountered  in  the  petroleum 
industry  is  a  procedure  which  is  well  known  to  be  fraught  with 
difficulties.  Methods  too  numerous  for  reference  have  been 
■devised.  The  most  successful  procedure  has  been  that  of 
adding  benzene  to  the  sample  ( 1 ),  which  renders  it  soluble 
throughout  the  saponification  and  results  in  a  two-layer  titra¬ 
tion  medium,  the  end  point  of  which  can  be  seen  with  fair 
accuracy  by  means  of  a  titration  pipet  (3).  However,  in 
■order  to  obtain  complete  saponification  it  is  sometimes  neces¬ 
sary  to  boil  the  benzene-alcoholic  solution  under  reflux  for  an 
undue  length  of  time.  Furthermore,  the  benzene  layer,  in 
which  is  dissolved  the  dark-colored  material,  remains  on  top 
of  the  lighter  colored  layer  which  contains  the  excess  alkali 
And  must  be  titrated.  These  disadvantages  made  apparent 
the  need  for  a  method  whereby  the  time  required  for  a  com¬ 
plete  saponification  could  be  shortened  and  a  dissolving 
medium  employed  which  not  only  would  be  miscible  with 
the  asphaltic  material,  but  also  would  become  viscid  enough 
at  titration  temperatures  to  hold  it  at  the  bottom  of  the  flask. 

Analytical  Procedure 

A  weighed  sample  of  the  heavy  semi-solid  asphaltic  residue  is 
mixed  with  a  known  amount  (about  1  to  2  parts)  of  white  oil, 


paraffin  oil,  or  similar  oil  (viscosity  about  80  to  85  seconds  Say- 
bolt  at  54.44°  C.,  130°  F.)\  A  liquid  mixture  is  obtained  which 
may  be  conveniently  handled  by  means  of  a  medicine  dropper. 
About  3  to  4  grams  of  this  mixture  are  weighed  into  an  ordinary 
glass  pressure  flask,  50  to  100  ml.  of  0.05  N  anhydrous  alcoholic 
potassium  hydroxide  are  added,  and  the  flask  is  placed  in  a 
shaking  device  (Figure  1)  where  it  is  agitated  at  100°  C.  for  30 
to  60  minutes.  At  this  temperature  the  viscosity  of  the  asphalt- 
white  oil  mixture  is  greatly  reduced,  with  the  result  that  a  more 
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Table  I.  Saponification  Numbers  Determined  by  the 
Pressure-Agitation  Method 

Saponification  Number 


- Sample - -  Found 

Crude  petroleum  acids  from  still  1  38.6 

bottoms  (black!  '2  38  8 

3  38.8 

4  39.0 

Av.  38 . 8 

Acidified  residues  from  lubricating  1  16.0 

oil  distillations  (black)  2  •  16  8 

3  16  8 

4  16.6 

5  14.8 

Av.  16.2 

Oleic  acid  (saponification  No.  193.2 

by  standard  method)  193.0 

Stearic  acid  (saponification  No. 

196.8  by  standard  method)  197.0 

China  wood  oil  (saponification  No.  1  202^0 

193.0  by  standard  method)  2  204  0 

3  202 . 0 

Av.  202 . 6 

Cottonseed  oil  (saponification  No.  1  221.0 

210  by  standard  method)  2  219  0 

3  218.0 

4  222.0 

Av.  220 . 0 

Neats’-foot  oil  (saponification  No.  1  202 . 0 

193.0  by  standard  method)  2  200  0 

3  205.0 


Av.  202 . 3 

intimate  contact  is  obtained  with  the  alcoholic  layer.  This 
contact  between  the  two  layers  is  obviously  increased  more  than 
a  hundred  fold  by  the  continuous  agitation. 

Upon  cooling  to  room  temperature  (without  agitation),  the 
saponified  black  residue  becomes  very  viscous  and  sticks  to  the 
bottom  of  the  pressure  flask,  while  some  of  the  white  oil  remains 
dissolved  in  the  alcohol  layer.  Thus,  in  spite  of  the  excellent 
contact  afforded  between  the  alcoholic  and  the  asphaltic  layers 
during  the  saponification,  the  solubility  of  the  black  material 
in  the  alcohol  layer  remains  sufficiently  small  to  prevent  serious 
discoloration  of  the  top  layer.  Hence,  the  supernatant  alcoholic 
layer  may  be  poured  from  the  pressure  vessel  into  an  Erlenmeyer 
flask  or  a  white  casserole  and  titrated  with  0.1  N  hydrochloric 


acid,  using  phenolphthalein  or  alkaline  blue  as  an  indicator. 
When  the  end  point  has  been  reached,  some  of  the  liquid  from  the 
titration  container  is  carefully  poured  back  into  the  pressure 
flask  and  the  black  residue  on  the  inside  of  the  flask  is  washed 
with  this  neutral  liquid.  The  rinse  is  then  returned  to  the  cas¬ 
serole  and  a  new  end  point  is  determined.  The  black  insoluble 
residue,  therefore,  remains  in  the  pressure  flask  and  is  thus  kept 
entirely  separate  from  the  alcoholic  layer  during  the  titration. 
In  order  to  obtain  a  yellowish  or  a  light  brownish  color  of  the 
solution  prior  to  the  titration,  it  is  important  to  add  only  moderate 
amounts  (1  to  2  parts)  of  white  oil  to  the  asphalt. 

Among  the  advantages  of  the  suggested  method  the  follow¬ 
ing  may  be  mentioned : 

1.  The  determination  of  the  exact  end  point  is  greatly 
facilitated,  since  the  titration  is  carried  out  in  the  absence  of 
the  saponified  black  residue. 

2.  Even  for  residues  of  the  highest  viscosities  and  molecu¬ 
lar  weights,  a  complete  saponification  is  obtained  in  30  to 
60  minutes  because  of  the  continuous  mechanical  agitation 
and  higher  temperatures  employed. 

3.  Since  the  saponification  is  being  conducted  in  a  closed 
system,  interference  of  atmospheric  carbon  dioxide  is  elimi¬ 
nated,  losses  of  low-boiling  esters  are  prevented,  and  errors 
known  to  be  contributed  (2)  by  cork  stoppers  are  avoided. 

Results  Obtained 

Some  of  the  results  obtained  by  the  new  method  are  given, 
in  Table  I. 
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Determination  of  Iron  in  Humates 

Use  of  Iodohydroxyquinolinesulfonic  Acid 

NORMAN  ASHWELL  CLARK  AND  DALE  H.  SIELING,  Iowa  State  College,  Ames,  Iowa 


THE  determination  of  iron  in  small  quantities  in  organic 
material  involves  two  procedures:  (1)  the  oxidation 
of  the  organic  matter,  and  (2)  the  determination  of  the 
iron,  usually  colorimetrically.  The  removal  of  the  carbon 
may  be  carried  out  by  heating  (the  dry  method)  or  by  a  wet 
oxidation.  The  colorimetric  determination  most  frequently 
involves  potassium  thiocyanate;  comparison  is  made  between 
the  unknown  and  a  standard  iron  solution  similarly  treated. 
The  color  produced  by  the  iron  and  the  thiocyanate  fades, 
and  fresh  standard  solutions  must  be  made  up  at  frequent 
intervals. 

In  carrying  out  the  dry  oxidation  of  the  organic  matter  in 
humate  material  from  soils,  followed  by  the  potassium 
thiocyanate  determination,  some  difficulty  was  experienced 
in  obtaining  checks.  Burk  ( 1 )  has  pointed  out  the  value  of 
these  humic  acid  extracts  from  soils,  and  also  of  synthetic 
humates  formed  from  carbohydrates,  as  carriers  of  iron,  and 
has  shown  the  availability  of  this  iron  to  green  plants  even 
under  alkaline  conditions.  In  inorganic  combination  iron 
hydrolyzes  very  slowly  at  about  pH  3,  but  at  pH  5  and  above 
ferric  hydroxide  is  precipitated  more  rapidly.  Unlike  iron 
in  the  inorganic  form,  the  iron  in  the  humic  acid  extracts  and 
in  the  synthetic  humates  does  not  precipitate  at  pH  5;  there 


is  no  hydrate  of  ferric  oxide  formed,  even  to  pH  8  or  9;  the' 
iron,  therefore,  remains  in  solution  over  the  ordinary  plant 
growth  range. 

Iron  can  be  added  to  the  humate  extracted  from  soils  and 
is  either  adsorbed  or  combined;  this  added  iron  does  not  pre¬ 
cipitate  at  pH  values  greater  than  5.  In  a  number  of  experi¬ 
ments  along  these  fines  {2)  the  authors  found  it  necessary  to 
determine  very  accurately  the  quantity  of  iron  in  the  humate 
before  and  after  enrichment  with  that  element.  Results  by 
the  dry  oxidation  of  the  carbon  followed  by  the  potassium 
thiocyanate  were  irregular,  and  iron  added  as  a  check  was 
not  always  completely  recovered. 

In  1932,  Yoe  suggested  7-iodo-8-hydroxyquinofine-5-sul- 
fonic  acid,  C9H4N(0H)I(S03H),  as  a  reagent  for  the  colori¬ 
metric  determination  of  iron  (4).  The  name  “Ferron”  has- 
been  proposed  for  the  indicator  (3).  With  this  dye,  which 
is  obtainable  commercially,  ferric  iron  gave  a  green  color  and 
ferrous  did  not  react.  A  concentration  of  1  in  10  million  gave 
a  greenish  yellow,  with  higher  amounts  more  green.  The 
color  was  very  stable,  and  therefore  it  was  not  necessary  to 
prepare  standard  and  sample  at  the  same  time  as  with  the 
thiocyanate.  Yoe  found  that  the  color  developed  best  whem 
the  solution  was  acid  to  methyl  orange  paper.  He  tested  some  • 
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Table  I.  Iron  in  Potassium  Humate 


Amounts  Oxidized 

Standard  Fe, 

Potassium  2  me.  per 

, - pH“- 

0.1  N  KOH 
to  bring  10-cc. 
aliquot  to  pH 

0.1  N  KOH 
for  25-cc. 
aliquot 

Total  Iron  1 
Standard  Fe 
(2  mg.  per  liter) 
to  match  25-cc. 

i’resent 

Fe  in 

70-cc. 

oxidized 

Blank 

Fe  in 

Fe  in 
Humate 

humate 

liter 

2.75-3.2 

(calcd.) 

aliquot  & 

solution 

Sample 

Solution 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Mg. 

Mg. 

Mg. 

Mg./cc. 

0 

50.0 

11.7 

29.2 

19.0 

0.106 

0.006 

0.100 

o 

50.0 

12.7 

31.7 

19.0 

0.106 

0.006 

0.100 

0 

50.0 

13.5 

33.7 

19.0 

0.106 

0.006 

0.100 

50  0 

0 

10.6 

26.5 

7.0 

0.039 

0.006 

0.033 

0 . 0007 

50  0 

0 

9.3 

23.2 

7.0 

0.039 

0.006 

0.033 

0.0007 

50.0 

0 

9.8 

24.5 

7.0 

0.039 

0.006 

0.033 

0.0007 

25  0 

25.0 

11.1 

27.7 

13.0 

0.073 

0.006 

0.067 

0.0007 

25  0 

25.0 

11.4 

28.5 

13.0 

0.073 

0.006 

0.067 

0.0007 

25.0 

25.0 

12.3 

30.7 

13.0 

0.073 

0.006 

0.067 

0.0007 

o  Potassium  hydroxide  added  until  faint  blue  to  bromophenol  blue  when  diluted  to  40  ce.  0.8  cc.  0.1  N  sulfuric  acid  brought  this  to  pH  2.75  to  3.2. 
The  difference,  multiplied  by  2.5,  gave  the  net  cc.  of  potassium  hydroxide  to  be  added  to  the  25-cc.  aliquot  before  making  up  to  100  cc.  for  the  Nessler  tube. 
b  Diluted  to  100  cc.  at  pH  2.75  to  3.2;  1  cc.  of  color  reagent,  0.2  per  cent. 


70  other  ions  and  obtained  no  color.  Cupric  ion  produced  a 
precipitate,  and  a  few  salts  which  hydrolyze,  such  as  tin  and 
titanium,  needed  removal  if  present  in  more  than  very  small 
amounts.  Strong  acids  and  bases  destroyed  the  color. 

Combined  Method 


the  potassium  hydroxide  left  the  net  amount  of  potassium 
hydroxide  required.  A  fresh  25-cc.  aliquot  of  the  oxidized 
solution  was  then  used,  with  two  and  one-half  times  the  amount  of 
potassium  hydroxide  found  for  the  10-cc.  sample,  and  brought 
exactly  to  100  cc.  for  nesslerization.  With  the  use  of  a  glass 
electrode  to  adjust  the  pH,  the  indicator  is  not  necessary,  but 
the  bromophenol  blue  method  is  more  rapid. 


It  was  decided  to  combine  this  method  with  the  wet  oxidation, 
by  means  of  hydrogen  peroxide,  which  Koch  and  McMeekin 
used  for  micro-Kjeldahl  determinations.  (A  mixture  of  per¬ 
chloric  and  nitric  acids  should  prove  equally  effective  as  an 
oxidizing  agent  for  removing  the  organic  matter,  as  it  is  im¬ 
probable  that  the  nitrate  or  perchlorate  ions  would  affect  the 
green  color.)  The  side  arms  of  small  Pyrex  distillation  flasks 
were  sealed  off  and  the  flasks  calibrated  to  hold  70  cc.  The  or¬ 
ganic  material,  containing  approximately  0.1  mg.  of  iron,  was 
placed  in  the  flasks  with  5  cc.  of  10  per  cent  sulfuric  acid,  with  a 
bead  to  prevent  bumping,  and  heated  until  white  fumes  came 
off;  after  cooling  for  a  minute,  a  few  drops  of  30  per  cent  hydrogen 
peroxide  were  allowed  to  fall  directly  into  the  acid,  and  the 
heating  was  continued  until  the  sulfur  trioxide  condensation  was 
within  5  cm.  (2  inches)  of  the  top  of  the  neck.  The  hydrogen 
peroxide  treatment  was  repeated  if  the  liquid  was  not  clear. 
The  solution  was  made  up  to  70  cc.  at  24°  C.  and  aliquots  were 
used  for  the  determination  of  the  iron. 

Yoe  stated  that  best  results  were  obtained  if  the  solution  was 
made  acid  to  methyl  orange  paper.  Aliquots  were  therefore 
treated  with  0.4  N  potassium  hydroxide  until  just  acid  to  the 
paper,  and  methyl  orange  was  also  used  as  an  internal  indicator, 
potassium  hydroxide  being  added  until  a  faint  pink  color  was 
obtained;  the  same  amount  of  potassium  hydroxide  was  then 
added  to  a  second  aliquot  and  the  iron  determined  in  this.  In 
both  cases  the  results  were  somewhat  unsatisfactory.  There 
was  a  large  color  change  in  the  green  produced  by  the  reagent 
when  a  slight  excess  of  either  potassium  hydroxide  or  acid  was 
present. 

In  order  to  find  the  limits  for  change  in  color  with  acidity, 
a  standard  iron  solution  was  made  from  recrystallized  ferrous 
ammonium  sulfate,  oxidizing  with  bromine  to  the  ferric  ion, 
and  removing  the  excess  bromine.  Varying  amounts  of 
sulfuric  acid  and  potassium  hydroxide  were  added  and  the 
colors  compared.  Between  pH  2.7  and  3.2  there  was  a  stable 
green  that  was  constant  for  each  different  amount  of  iron; 

■  more  alkaline  solutions  produced  a  yellow  and  more  acid  a 
blue-green.  The  blue-green  is  stable  at  least  to  pH  2,  but 
for  comparisons,  the  authors  preferred  the  color  produced 
at  the  higher  value.  The  standard  iron  solutions  were  there¬ 
fore  made  up  within  the  pH  limits  2.7  to  3.2,  and  if  dilution 
was  necessary  it  was  made  with  distilled  water  acidified  to  the 
same  value.  Yoe  has  suggested  a  hydrochloric  acid-potas¬ 
sium  acid  phthalate  buffer  (S). 

The  treatment  of  the  unknown  solutions  was  also  modified 
to  conform  with  this  finding.  After  digesting  the  organic  matter 
with  sulfuric  acid  and  hydrogen  peroxide  and  making  up  to  70  cc. 
a  10-cc.  aliquot  was  removed  and  0.1  N  potassium  hydroxide 
added  until  a  faint  blue  color  was  produced  with  2  drops  of 
bromophenol  blue  as  internal  indicator,  when  diluted  to  40  cc. 
1  with  distilled  water;  0.8  cc.  of  0.1  N  sulfuric  acid  brought  this  to 
!  the  range  2.7  to  3.2.  The  amount  of  sulfuric  acid  subtracted  from 


Test  runs  were  made  on  a  number  of  materials,  including 
iron  citrate  and  a  mixture  of  iron  citrate  and  sucrose.  Table  I 
gives  the  results  for  an  extract  of  soil  with  potassium 
hydroxide — the  potassium  humate.  The  alkali  extract  of 
soil  contained  a  small  amount  of  silicate,  but  this  did  not 
interfere,  as  shown  in  Table  I.  To  check  this  further  a  run 
was  made  using  the  standard  iron  solution,  but  adding  0.1  to 
1  mg.  of  silica  as  sodium  metasilicate.  The  iron  was  recovered 
completely  at  each  silicate  level. 

The  standard  iron  solution,  from  the  ferrous  ammonium 
sulfate  oxidized  by  bromine,  deteriorates  slowly  if  the  reaction 
is  much  greater  than  pH  2.  Two  liters  were  made  up  at  pH 
2.9;  these  were  tested,  at  first  daily  and  later  every  2  days, 
against  a  freshly  oxidized  solution.  The  standard  was 
constant  for  3  days,  but  the  ferric  ion  slowly  decreased  there¬ 
after.  The  permanency  of  the  green  color,  when  this  standard 
is  treated  with  the  iodohydroxyquinolinesulfonic  acid  at 
pH  2.7  to  3.2,  is  almost  indefinite.  Solutions  were  made  up 
containing  0.02,  0.04,  and  0.06  mg.  of  iron  in  100  cc.,  and 
the  green  color  was  produced  with  the  reagent.  No  change  in 
color  was  found  at  any  level  of  iron  during  the  25  days  these 
were  tested  against  freshly  made  solutions. 

The  method  seems  to  be  a  valuable  addition  to  the  colori¬ 
metric  determination  of  iron  because  of  this  color  stability, 
and  because  of  the  fact  that  there  is  so  little  interference  by 
other  ions — a  very  desirable  characteristic  in  dealing  with 
soil  extracts. 
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Correction.  In  the  article  on  “Spectrophotometric  Deter¬ 
mination  of  Copper  in  Ores  and  Mattes”  [Ind.  Eng.  Chem., 
Anal.  Ed.,  7,  388  (1935)]  the  third  line  should  read:  “The  ratio 
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Measuring  the  Thickness  of  Thin,  Flowing, 

Liquid  Films 

HERBERT  H.  BECK,  Hanovia  Chemical  and  Manufacturing  Company,  Newark,  N.  J.,  AND  K.  G.  WECKEL, 
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THE  commercial  application  of  ultraviolet  radiation  in 
photochemical  processes  has  created  new  scientific  prob¬ 
lems.  The  shallow  penetrating  power  of  these  rays  usually 
requires  that  the  substance  to  be  treated  be  distributed  in  a 
thin  layer.  When  the  substance  is  a  liquid,  it  is  exposed  in  a 
thin  flowing  film.  The  commercial  irradiation  of  milk  to 
increase  its  vitamin  D  potency  is  an  example  of  such  a  proc¬ 
ess.  Because  of  the  relatively  small  amount  of  activatable 
substance  in  milk  and  the  shallow  penetrating  power  of  the 
active  radiation,  the  effectiveness  of  the  process  may  depend 
upon  the  characteristics  of  the  film,  and  these  should  be 
understood. 


Figure  1.  Diagram  Illustrating  Meas¬ 
uring  Thickness  of  Film  by  Light  Beam 


In  a  film  of  known  width  and  capacity,  the  thickness  of  any 
cross  section  perpendicular  to  the  direction  of  flow  is  depend¬ 
ent  upon  the  average  velocity  of  the  fluid.  When  the  aver¬ 
age  velocity  of  flow  within  a  given  distance  has  been  meas¬ 
ured,  the  average  thickness  of  the  film  within  that  distance 
can  be  calculated.  Similarly,  when  the  thickness  of  a  uniform 
cross  section  of  film  has  been  determined,  the  velocity  of  the 
fluid  through  the  cross  section  can  be  calculated.  It  is  possible, 
therefore,  by  measurement  of  the  thickness  of  cross  sections 
at  succeeding  short  intervals  to  determine  any  variations  in 
velocity. 

Recently,  in  studies  with  milk,  two  methods  have  been 
employed  for  measuring  and  determining  film  velocity 
and/or  thickness.  A  method  utilized  by  Supplee  and  Dor¬ 
cas  (3)  is  one  wherein  the  flow  is  measured  with  the  aid  of 
aggregates  of  finely  divided  pigment  placed  in  the  film.  Ap¬ 
plication  of  this  method  revealed,  however,  that  particles  at 
different  depths  within  the  film  do  not  advance  at  a  uniform 
velocity.  Compact  groups  of  particles  or  drops  of  suspended 
colored  material  placed  in  a  flowing  liquid  are  elongated  and 
dispersed  to  many  times  their  original  dimension  by  the  film  in 
the  direction  of  flow.  It  was  difficult  to  establish  which  par¬ 
ticles  advanced  at  speeds  representative  of  the  average  for¬ 
ward  velocity  of  the  film.  For  this  reason  the  method  does 
not  lend  itself  to  measurement  of  acceleration  of  velocity  of  a 
film  through  consecutive  short  distances  of  flow. 

The  second  method  ( 1 ),  employing  a  screw  type  of  microme¬ 
ter  suitably  mounted  in  a  tripod,  was  also  investigated. 
With  this  instrument  the  thickness  of  the  film  is  the  distance 
measured  between  contact  of  the  micrometer  point  with  the 
surface  of  the  liquid  film,  and  the  metal  surface  supporting 
the  film.  The  advantage  of  this  method  is  its  flexibility  which 
permits  measurements  to  be  made  at  any  point  on  a  flowing 
film;  variations  in  film  thickness  which  may  occur  between 


consecutive  points  can  be  detected.  However,  manipulation 
of  the  micrometer  causes  interference  with  the  normal  smooth 
flow  of  the  film,  and  undoubtedly  some  leverage  is  exerted  at 
contact  with  the  metal  surface.  These  difficulties  produce 
errors  which  are  additive,  and  probably  constant.  With 
suitable  recognition  of  such  error  the  micrometer  method 
might  nevertheless  serve  as  a  guide  in  appraising  the  re¬ 
liability  of  other  methods. 

To  overcome  the  disadvantages  of  these  methods,  a  new 
procedure  which  was  found  more  suitable  for  measuring  the 
thickness  of  flowing  liquid  films  was  developed. 

Description  of  Method 

The  method  utilizes  the  well-established  principle  that 
some  light  is  reflected  from  any  surface,  and  that  the  angles 
of  incidence  and  reflection  are  equal  (2).  Parallel  forward 
movement  of  the  surface  causes  a  proportional  change  in  the 
position  of  the  reflected  beam.  The  position  of  the  beam  of 
fight  reflected  from  the  surface  will  be  likewise  affected  by 
introducing  an  interjacent  flowing  film  of  liquid.  The  appli¬ 
cation  of  the  principle  is  illustrated  in  Figure  1. 

A  very  narrow  beam  of  light,  AB,  is  projected  onto  a  metal 
surface  at  B  at  an  angle  of  incidence  of  45°  whence  the  angle  of 
the  reflection,  BD,  will  also  be  45°.  If  now  a  uniform  film  of 
liquid  is  made  to  flow  down  the  metal  surface,  the  beam  is 
reflected  from  the  surface  of  the  liquid  at  some  point,  C.  Since 
the  angle  of  incidence  is  unchanged,  the  reflection,  CE,  from  the 
liquid  surface  is  parallel  to  the  reflection,  BD,  previously  ob¬ 
tained  from  the  metal  surface.  The  distance  between  the  two  re¬ 
flected  beams  can  be  measured,  and  is  equal  to  the  distance  BC. 
The  distance  BC  is  the  hypotenuse  of  a  right  triangle  whose 
acute  angles  are  45°.  One  side  of  this  triangle  is  perpendicular 
to  the  metal  surface  at  B  and  is  equal  in  length  to  the  thickness 
of  the  film.  The  latter  dimension  can,  therefore,  be  accurately 
computed  by  multiplying  the  measured  distance,  BC,  by  the 
cosine  45°  or  0.707.  If  an  angle  of  incidence  other  than  45°  is 
used,  the  calculations  of  the  film  thickness  become  more  compli¬ 
cated.  If  the  angle  of  incidence  of  the  beam  varies  1°  from  the 
desired  angle  of  45°  an  error  of  about  2  per  cent  is  made. 

Arrangement  of  Apparatus 

The  instruments  necessary  for  providing  the  light  beam 
are  relatively  simple  (Figure  2).  Any  fight  system  that  will 
project  a  sharply  defined  narrow  (about  0.05  mm.  wide) 


Figure  2.  Arrangement  of  Apparatus 


parallel  beam  easily  visible  under  the  conditions  of  general 
fighting  is  adequate.  A  satisfactory  beam  may  be  obtained 
by  projection  of  fight  through  two  parallel  slits.  Sharp 
definition  of  the  edges  of  the  beam  on  the  reflecting  surface 
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may  be  made  by  use  of  appropriate  focusing  condensers. 
A  common  reference  point  in  the  intercepted  beam  can  be 
established  by  insertion  of  a  fine  cross  hair  in  the  slit  nearest 
the  reflecting  surface. 

A  micrometer  microscope  (Gaertner)  comparator  is  a  con¬ 
venient  instrument  for  making  film  thickness  determinations. 
The  essential  parts  of  the  instrument  are  a  low-power  micro¬ 
scope  (2  cm.  focal  length)  containing  cross  hairs  for  accurate 
sighting,  a  lateral  slide  to  carry  the  microscope,  and  a  micrometer 
screw  provided  with  scale  and  vernier  calibrated  to  0.005  mm. 

The  projector  and  microscope  should  be  mounted  with  their 
center  lines  in  the  same  plane,  and  with  the  line  bisecting  the 
angle  of  their  intersection  perpendicular  to  the  surface  upon 
which  measurements  are  to  be  made.  When  the  surface  is  in  a 
true  vertical  position,  the  center  lines  of  the  projector  and 
microscope  are  in  a  horizontal  plane  and  form  an  angle  of  90°. 
This  relation  should  be  maintained  for  all  measurements.  The 
instruments,  therefore,  may  be  mounted  in  a  fixed  position  on  a 
common  frame  or  base  plate  to  avoid  the  necessity  for  repeated 
alignment.  The  angle  of  incidence  of  the  projected  beam  of 
light  may  be  conveniently  adjusted  with  the  aid  of  a  45°  triangle. 
The  beam  can  be  aligned  to  parallel  the  hypotenuse  edge  of  the 
triangle  appropriately  held  against  the  surface  upon  which  meas¬ 
urements  are  to  be  made.  Accuracy  of  the  adjustment  may  be 
verified  by  proper  use  of  mechanics  squares. 

The  construction  of  the  comparator  used  in  these  studies  is 
such  that  the  microscope  is  perpendicular  to  the  lateral  slide 
plate.  Consequently,  a  comparator  of  this  type  may  also  be 
conveniently  aligned  with  the  aid  of  a  45°  triangle.  A  photo¬ 
graph  of  the  assembly  of  the  instruments  is  given  in  Figure  3. 

It  is  essential,  for  accurate  measurements,  that  the  film  be 
established  upon  a  rigid  and  truly  plane  surface.  For  this,  a 
0.63-cm.  (0.25-inch)  thick  steel  channel,  planed  smooth  on  its 
flat  surface,  was  used.  The  end  of  the  planed  steel  was  further 
machined  to  provide  a  perfectly  straightedge  over  which  milk, 
from  an  attached  trough,  could  be  evenly  distributed.  A  straight¬ 
edge  type  of  distributor  (spillway  type)  was  chosen  because  it 
permits  free  and  natural  formation  of  a  film  with  small  conse¬ 
quent  effect  on  its  initial  velocity.  Further  to  facilitate  the  study 
of  the  influence  of  gravity  on  the  thickness  of  a  film,  a  quiet 
smooth  approach  of  the  liquid  to  the  distributor  edge  was  obtained 
by  use  of  a  deep  trough.  The  supply  of  milk  to  the  trough  was 
maintained  at  a  predetermined  rate  by  means  of  a  float  control. 


Controlled  flowing  films  deliver  a  definite  quantity  of 
liquid  per  unit  time;  consequently  they  have  a  definite  ca¬ 
pacity  per  unit  width.  Film  capacity  may  be  expressed  in  any 
convenient  standard,  such  as  pounds  per  lineal  foot  per  hour. 
Physical  characteristics  of  a  film,  such  as  velocity  and  thick¬ 
ness,  adjust  themselves  to,  and  are  dependent  upon,  the  film 
capacity. 


Table  I.  Thickness  of  Films  of  Milk 


Flow  Rate 
Lb. /ft. /hr. 
100 
300 
600 

Nearly  zero 


Micrometer 

Mm. 

0.29 

0.42 

0.52 


-Thickness  of  Film- 


Light  beam 
method 
Mm. 
0.26 
0.39 
0.49 
0.0245 


Calculated  from 
weight  of  film 
adhering  on  a 
metal  strip 
Mm. 


0.0238 


Figure  3.  Assembly  of  Apparatus 


film,  read  from  the  vernier  scale.  The  difference  of  the  two 
readings  in  millimeters  is  the  distance  DE  or  BC  indicated 
in  Figure  1,  which  when  multiplied  by  cosine  45°  gives  the 
thickness  of  the  film  at  the  point  of  measurement.  The 
stability  of  the  apparatus  during  the  interval  of  measurement 
may  be  determined  by  repeating  the  initial  measurement 
when  the  flow  of  the  fluid  is  again  diverted  by  the  baffle. 

A  number  of  measurements  were  made  at  the  same  points 
on  several  films  by  both  the  light  beam  and  micrometer 
methods.  The  individual  results  by  each  method  were  aver¬ 
aged  for  the  comparison  presented  in  Table  I.  It  will  be 
observed  that  the  measurements  made  with  the  light  beam  are 
less  than  those  made  with  the  micrometer.  A  further  com¬ 
parison  was  made  by  measuring  and  weighing  a  film  adhering 
to  a  strip  of  metal  and  calculating  the  thickness  from  the 
weight  of  the  film.  These  results  are  also  presented  in  Table  I. 

Conclusions 

A  new  method,  employing  reflected  beams  of  light  to 
determine  the  thickness  of  flowing  films,  is  described.  This 
method  is  sufficiently  sensitive  to  detect  variations  in  the 
thickness  of  a  film,  such  as  those  caused  by  changes  in  the 
velocity,  within  successive  short  intervals. 
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A  convenient  procedure  in  determining  the  thickness  of  a 
film  with  the  instrument  assembly  when  properly  aligned  is 
by  first  establishing  the  desired  film  capacity  over  the  flow 
i  surface  area.  By  means  of  a  short  baffle  placed  on  the  dis¬ 
tributor  edge,  the  flow  may  be  temporarily  diverted  from  a 
narrow  vertical  area  which  includes  the  point  at  which  a 
measurement  is  to  be  made,  and  where  the  narrow  beam  of 
fight  is  being  reflected.  It  is  necessary  to  clean  the  area  at 
the  point  of  measurement  by  means  of  a  dry  cloth  to  assure 
reflection  from  the  metal  surface.  The  relative  position  of  a 
fine  shadow  in  the  reflected  beam  of  fight  (shadow  caused  by 
cross  hair  inserted  in  the  projector  slit)  can  be  determined  by 
reading  from  the  operative  vernier  and  scale  when  the  micro¬ 
scope  is  properly  aligned.  The  flow  may  then  be  promptly 
restored  by  removal  of  the  diverting  baffle,  and  the  changed 
position  of  the  beam,  now  reflected  from  the  surface  of  the 
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Preparation  of  Diphenylamine 
Indicator  Solution 

HAROLD  M.  STATE 
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THE  usual  preparation  of  diphenylamine  indicator  by 
shaking  the  amine  with  concentrated  sulfuric  acid  is 
slow  and  time-consuming.  If  the  amine  is  first  melted  to  a 
clear  liquid  (m.  p.  =  52.9°  C.)  and  the  required  amount  of 
concentrated  sulfuric  acid  then  added,  complete  solution 
may  be  effected  by  15  to  30  seconds’  shaking. 
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IN  THE  course  of  investigation  of  several  research  prob¬ 
lems  dealing  with  low  molecular  weight  alkyl  halides  of 
the  paraffin  series,  it  became  necessary  to  make  a  large 
number  of  determinations  of  the  concentrations  of  vapors  of 
these  compounds  in  air.  The  problem  of  analyzing  such  air- 
halogenated  hydrocarbon  mixtures  is  not  new  and  has  been 
dealt  with  in  various  ways  in  numerous  chemical  and  toxico¬ 
logical  studies. 

Fieldner,  Katz,  Kinney,  and  Longfellow  (2)  found  the  concen¬ 
tration  of  vaporized  carbon  tetrachloride  in  air  by  drying  the 
sample  over  calcium  chloride  and  soda  lime,  absorbing  the  organic 
vapor  with  weighed  activated  charcoal,  and  finding  the  increase 
in  weight,  making  suitable  deductions  for  the  presence  of  inor¬ 
ganic  halogen  compounds.  Robbins  and  Lamson  ( 6 )  used  an 
apparatus  developed  by  Palmer  and  Weaver  U)  for  the  deter¬ 
mination  of  carbon  tetrachloride  in  air,  in  which  the  resistances  of 
two  electrically  heated  wires,  one  surrounded  by  the  gaseous  un- 
knowm  and  the  other  by  a  reference  gas,  are  compared.  Nuckolls 
(S)  found  the  concentration  of  carbon  tetrachloride,  chloroform, 
dichloroethylene,  dichlorodifluoromethane,  dichlorotetrafiuoro- 
ethane,  ethyl  bromide,  ethyl  chloride,  methyl  bromide,  methyl 
chloride,  methylene  chloride,  and  monofluorotrichloromethane, 
respectively,  in  air  by  means  of  a  modified  Burrell  apparatus. 
“The  apparatus  consisted  essentially  of  a  liquefaction  bulb  having 
a  side  arm  connected  to  a  mercury  manometer.  The  inlet  of  the 
bulb  was  provided  with  a  three-way  stopcock  which  connected  on 
one  side  to  a  vacuum  pump  and  on  the  other  side  to  a  U-tube,  one 
arm  of  which  was  provided  with  a  connection  to  the  sampling 
tubes.”  The  water  vapor  was  removed  by  contact  with  anhy¬ 
drous  magnesium  perchlorate  and  the  sample  of  halogenated  hy¬ 
drocarbon  was  frozen  with  liquid  air  in  the  bulb  from  which  the 
air  was  then  removed  by  means  of  a  vacuum  pump.  After  re¬ 
turning  the  bulb  to  the  original  temperature,  observation  of  the 
pressure  exerted  by  the  alkyl  hahde  in  a  mercury  manometer  and 
the  atmospheric  pressure  made  it  possible  to  calculate  the  concen¬ 
tration  of  the  halogenated  hydrocarbon  in  the  sample. 

None  of  the  determinations  described  seemed  suitable  to  the 
authors’  purpose,  as  they  were  interested  in  a  simple,  specific 
chemical  method  which  could  be  employed  for  large  as  w’ell  as 
small  gas  samples.  Therefore,  another  method  was  developed, 
somewhat  similar  to  that  used  by  Robbins  in  determinations 
of  carbon  tetrachloride  in  animal  tissues  (5). 

Principle  of  the  Method 

The  method  is  based  upon  the  observation  that  carbon 
tetrachloride  vapor  mixed  with  moist  air  is  decomposed 
quantitatively  into  hydrogen  chloride  when  passed  through 
a  silica  tube  heated  to  1000°  to  1100°  C.  By  absorption  and 
determination  of  the  hydrogen  chloride  the  concentration  of 
the  carbon  tetrachloride  vapor  can  be  calculated.  If  water 
vapor  is  not  present  in  sufficient  amount,  small  amounts  of 
chlorine  are  produced. 

The  accuracy  of  the  method  -was  checked  by  the  determina¬ 
tions  of  known  amounts  of  carbon  tetrachloride  vapor.  The 
apparatus  used  is  shown  in  Figure  1.  The  silica  tube  was 
heated  by  means  of  the  electrical  furnace,  the  temperature 
being  controlled  by  means  of  the  rheostat  and  measured  by 
the  thermocouple.  The  gases  were  drawn  through  the  tram 
by  means  of  a  calibrated  water-filled  aspirator  of  18  liters  in 
capacity.  When  it  was  necessary  to  measure  larger  volumes 


of  gas,  an  electrically  driven  suction  pump  was  used  and  the 
volume  measured  by  means  of  a  gas  meter.  The  various 
reagents  used  to  absorb  the  hydrogen  chloride  are  given  in 
the  tables. 

Experimental  Work 

Set  I.  A  very  satisfactory  method  was  devised  to  introduce 
accurately  weighed  samples  of  carbon  tetrachloride  into  a 
stream  of  air. 

The  tip  of  an  ordinary  glass  Gooch  funnel  (Figure  1)  was  sealed 
and  a  narrow  arbitrary  scale  from  1  to  10  was  attached  along  the 
length  of  the  stem.  The  funnel  was  provided  with  a  shellac- 
covered  2-hole  cork  stopper  through  which  two  right -angular  glass 
tubes  had  been  fitted.  The  inlet  tube  was  long  and  drawn  to  a 
capillary  which  reached  down  to  the  stem  of  the  Gooch  funnel 
The  outlet  tube  was  short  and  led  to  the  hot  silica  tube.  Before 
each  run  the  Gooch  funnel  was  closed  with  a  solid  shellac-covered 
cork  stopper  and  weighed.  Then  0.5  ml.  of  carbon  tetrachloride 
was  placed  in  the  stem  of  the  funnel,  which  was  closed  with  the 
solid  cork  stopper  and  weighed  again,  thus  giving  the  weight  of 
the  carbon  tetrachloride  used.  A  wire  hook  had  been  fastened 
around  the  modified  Gooch  funnel  so  that  it  could  be  suspended 
in  a  balance  for  weighing  purposes.  The  arbitrary  scale  had  been 
chosen  so  that  0.5  ml.  of  carbon  tetrachloride  reached  approxi¬ 
mately  up  to  the  10  mark.  Just  before  starting  the  run,  the  solid 
cork  stopper  was  quickly  replaced  with  the  2-hole  stopper  men¬ 
tioned  above. 

A  porcelain  boat  was  filled  with  water  and  placed  in  the  silica 
tube,  as  shown  in  Figure  1,  in  order  to  provide  sufficient  hydrogen 
for  the  formation  of  hydrogen  chloride.  In  making  the  run  a 
stream  of  uncontaminated  air  was  sucked  at  a  definite  rate 
through  this  carbon  tetrachloride  vaporizer  into  the  heated  silica 
tube  and  the  reagent  bottles.  The  volatilization  of  the  carbon 
tetrachloride  into  the  air  was  kept  as  constant  as  possible  by 
slightly  raising  or  lowering  the  inlet  tube  within  the  vaporizer. 
The  internal  diameter  of  the  combustion  tube  was  1.56  cm. 
(0.625  inch).  It  is  important  to  mount  the  constricted  end  of  the 
tube  as  close  to  the  furnace  as  possible  without  burning  the  rubber 
tube  joint  to  prevent  moisture  from  condensing  in  the  cold  end, 
which  would  hold  hydrogen  chloride  in  solution. 

Set  II.  The  experiments  in  set  II  were  conducted  in  an  espe¬ 
cially  constructed  experimental  room  having  a  volume  of  ap¬ 
proximately  32  cubic  meters.  The  walls  and  floor  of  the  room 
were  concrete  and  the  ceiling  was  “transite”  asbestos  board. 
The  room  had  five  steel  casement  windows,  70  X  100  cm.,  four 
opening  to  the  outside  and  one  to  the  adjacent  analytical  labora¬ 
tory,  and  a  door  in  the  end  of  the  laboratory  wall.  The  entire 
inside  of  the  experimental  room  had  been  given  two  coats  of 
sodium  silicate,  brushed  with  dilute  hydrochloric  acid,  and  finally 
sprayed  with  two  coats  of  a  Bakelite  varnish.  Each  covering 
was  allowed  to  dry  thoroughly  before  a  new  layer  was  applied  to 
the  wall. 

Two  linen  towels  were  suspended  in  this  room  and  wetted  with  a 
measured  volume  of  carbon  tetrachloride,  taking  care  that  no 
liquid  carbon  tetrachloride  dropped  from  the  towels  onto  the 
floor.  Then  a  powerful  fan  was  turned  on  in  the  experimental 
room  for  10  to  15  minutes  in  order  to  volatilize  the  carbon  tetra¬ 
chloride  and  render  the  atmosphere  in  the  room  as  uniform  as 
possible.  Afterwards,  air  was  drawn  from  this  experimental 
room  through  a  glass  tube  located  at  the  150-cm.  (5-foot)  level 
directly  into  the  hot  silica  tube  in  the  test  room  and  thence  into 
the  gas-washing  bottles. 

Set  III.  In  connection  with  experimental  work  on  the 
physiological  effect  of  carbon  tetrachloride  vapor,  it  was 
desired  to  modify  the  method  of  determination  so  that  it 
was  suitable  for  low  concentrations,  and  could  thus  be  used 
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Table  I.  Experimental  Conditions  and  Results  of  Tests  in  Set  I 

(Using  known  amounts  of  carbon  tetrachloride  vapors  in  air) 


CC14 

Temp. 

of 

Fur¬ 

Vol¬ 

ume 

of 

CCU  Found  in 

Each  Gas-Washing 

Bottle 

CCU  in  Air 

by  Volu: 

No. 

Used 

nace 

Rate 

Sample 

1 

2 

3 

4 

5 

CCU 

Found 

Used 

Found 

Mg. 

0  C. 

L./min. 

Liters 

% 

% 

% 

% 

% 

Mg. 

% 

% 

% 

2 

765. 1 

993 

0.5 

10 

91. 4a 

3 . 8a 

1 . 9“ 

1.76 

0.0 

755.9 

98.8 

1.20 

1.19 

3 

765.1 

1038 

0.5 

10 

79.5* 

2.3* 

1.3* 

1.36 

0.0d 

645.8 

84.4 

1.20 

1.01 

4 

741.5 

1017 

0.5 

9.75 

84. 0C 

4 . 8  e 

2.9* 

1.5* 

2.6/ 

710.4 

95.8 

1.19 

1 . 14 

5  774.2  1040  0.33 

Reagents  used: 

°  50  ml.  of  1  N  aqueous  sodium  hydroxide. 

8.33 

85 . 6  « 

5.4* 

2.8/ 

1.3* 

1.5/ 

747.9 

96.6  • 

1 . 45 

1 . 40 

6  50  ml.  of  95  per  cent  ethyl  alcohol. 
c  50  ml.  of  1  N  alcoholic  sodium  hydroxide. 

d  50  ml.  of  paraffin  oil  (used  in  order  to  absorb  chlorides  or  undecomposed  carbon  tetrachloride,  if  present). 
«  50  ml.  of  2  N  aqueous  sodium  hydroxide. 

/  50  ml.  of  10  N  aqueous  sodium  hydroxide. 


Table  II.  Experimental  Conditions  and  Results  of  Tests  in  Set  II 

[Using  carbon  tetrachloride— air  mixtures  in  experimental  room  of  32  cu.  meters  (1130  cu.  feet)  capacity] 


No. 


CCU 

Tem¬ 

perature 

of 

Time 

of 

Volume 

of 

CCU  Found  in  Each  Sampling 
Bottle® 

Concentration  of  CCL 
in  Room 

Used 

Furnace 

Sampling 

Sample 

1  2 

3 

CCU  Found 

L  sed 

Found 

Grams 

0  C. 

Min. 

Liters 

%  % 

% 

% 

Grams 

P.  p.  m. 

P.  p.  m. 

50.7 

1100 

65 

18 

97.0  0.0 

0.0 

97.0 

49.2 

250 

243 

50.7 

1100 

72 

18 

95.6  0.0 

0.0 

95.6 

48.2 

250 

239 

101.4 

1100 

72 

18 

93.7  0.0 

0.0 

93.7 

95.0 

500 

469 

101.4 

1100 

72 

18 

95.1  0.0 

0.0 

95.1 

Av.  95.4 

96.4 

500 

476 

“  Three  gas-washing  bottles  were  used  in  series,  each  bottle  containing  50  ml.  of  10  N  aqueous  sodium  hydroxide. 
Rate,  0.5  liter  per  minute. 


as  a  check  on  the  calibration  of  more  indirect  but  more 
rapid  methods  for  estimation. 

To  increase  the  efficiency  of  the  method  slightly,  the  silica  tube 
was  packed  with  10-mm.  lengths  of  5-mm.  quartz  tubing.  The 
total  packed  length  of  the  quartz  combustion  tube  was  35  cm. 
(14  inches)  with  a  30-cm.  (12-inch)  furnace.  Enough  of  the  small 
packing  tubes  were  used  to  fill  the  space,  and  were  held  in  place 
with  loose  plugs  of  ignited  asbestos  fiber,  about  2.5  cm.  (1  inch)  of 
plug  at  each  end.  After  packing  the  tube,  the  free  flow  of  air 
through  the  tube  was  tested  by  gently  blowing  through  one  end. 
It  is  important  to  make  this  simple  test,  as  the  asbestos  is  easily 
packed  too  tightly.  The  chloride  absorbed  was  determined  by 
titration  with  standard  silver  nitrate  solution  (1  ml.  =  1  mg.  of 
carbon  tetrachloride)  using  potassium  chromate  as  indicator  and 
working  in  a  darkroom  in  bright  yellow  light,  as  is  done  in  water 
analyses  (1).  Otherwise,  no  change  was  made  in  the  method  for 
these  trials.  Nine  trials  were  conducted,  using  air  samples  of  10 
liters  as  measured  by  the  aspirator  bottle  (actually  close  to  9 
liters  when  corrected  for  pressure  drop  and  water  picked  up  in  the 
aspirator). 

For  lower  concentrations  of  carbon  tetrachloride  it,  was  de¬ 
sirable  to  decrease  the  volume  of  absorbing  fluid  to  avoid  the  need 
for  inconveniently  large  air  samples.  It  was  found  possible  to 
absorb  the  hydrogen  chloride  formed  in  the  silica  tube  in  50  ml. 
of  2  W  sodium  hydroxide  with  the  same  accuracy  as  in  the  five 
absorbing  bottles  of  the  original  method,  if  a  fritted 
glass  (Jena)  distributing  disk  was  used  for  the 
production  of  fine  bubbles,  and  if  5  ml.  of  ethyl 
alcohol  or  0.5  ml.  of  0.1  per  cent  saponin  were 
added  to  reduce  bubble  size.  The  determination 
was  carried  out  as  before,  save  that  the  sodium 
hydroxide  and  washings  were  made  up  to  only 
100  ml. 

For  the  measurement  of  smaller  amounts  of 
carbon  tetrachloride  (1  mg.)  with  accuracy  equiva¬ 
lent  to  that  when  weighing  10  mg.,  a  capillary  bu¬ 
ret  similar  to  that  described  by  Smyth  (7)  was  em¬ 
ployed,  1  mm.  on  the  capillary  corresponding  to 
0.22  mg.  of  carbon  tetrachloride,  and  estimates  to 
0.02  mg.  being  possible  without  a  reading  tele¬ 
scope.  In  all  trials  at  concentrations  below 
100  p.  p.  m.,  a  buret  graduated  in  0.02  ml.  was 
used  for  the  titration. 

As  a  preliminary  to  contemplated  work  on  the 
determination  of  carbon  tetrachloride  by  automatic 
means  employing  a  recording  conductivity  bridge, 
tests  were  made  of  the  efficiency  of  absorption  of 
the  hydrogen  chloride  formed  in  distilled  water. 

Fifty  milliliters  of  water  in  a  fritted  glass  gas  wash¬ 


ing  bottle  were  used.  The  acid  absorbed  was  titrated  with  sodium 
hydroxide,  1  ml.  of  which  is  equivalent  to  1.9235  mg.  of  carbon 
tetrachloride.  Bromothymol  blue  was  used  as  the  indicator, 
carrying  the  titration  to  a  pH  of  7.  Some  error  must  have  been 
introduced  by  the  carbon  dioxide  formed  in  the  silica  tube,  but  in 
view  of  the  results  obtained  it  is  judged  to  be  low.  Since  no 
formation  of  free  chlorine  in  the  silica  tube  was  desired,  tests  were 
made  with  preliminary  humidification  of  the  air  before  it  entered 
the  tube,  but  after  it  picked  up  the  carbon  tetrachloride. 

Set  IV.  The  tests  outlined  in  set  II  were  repeated  using  the 
improved  method  described  in  set  IV.  The  changes  made  in¬ 
cluded  packing  the  silica  tube  with  a  large  number  of  5-mm. 
lengths  of  5-mm.  quartz  tubing  held  in  place  by  loose  plugs  of 
ignited  asbestos  fiber,  the  use  of  a  gas-washing  bottle  provided 
with  a  fritted  glass  (Jena)  distributing  disk  20  mm.  in  diameter, 
and  the  addition  of  5  ml.  of  ethyl  alcohol  to  50  ml.  of  2  A  sodium 
hydroxide. 

Titration  Procedure 

At  the  end  of  the  sampling,  some  additional  pure  air  was 
drawn  through  the  apparatus  in  order  to  flush  out  any  residual 
vapors.  As  soon  as  the  run  was  completed  the  contents  of 
each  absorption  bottle  containing  alcoholic  or  aqueous  sodium 
hydroxide  were  transferred  to  a  100-  or  200-ml.  volumetric 
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Table  III.  Experimental  Conditions  and  Results  of  Tests 

in  Set  III 

(Using  the  improved  method  of  determination  of  known  amounts  of  carbon 
tetrachloride  vapors  in  air) 


CCU 

CCU 

Test 

CCU 

in 

by  Vol¬ 

Special  Conditions 

No. 

Used 

Air 

ume 

CCU 

Found 

Mg. 

Mg./l. 

P.  p.  m. 

Mg. 

% 

■  Standard,  save  silica 

48 

19.4 

2.2 

350 

19.2 

99 

.0 

tube  packed 

47 

20.7 

2.4 

380 

20.6 

99 

.5 

24 

51.8 

5.7 

910 

50.9 

98 

.3 

29 

55.7 

6.3 

1000 

55.5 

99 

.6 

37 

64.7 

7.2 

1150 

63.3 

97 

.8 

28 

75.2 

8.4 

1340 

73.4 

97 

.6 

30 

140.1 

15.9 

2530 

137.5 

98 

.  1 

45 

180.2 

20.2 

3200 

177.8 

98 

.7 

46 

425.4 

47.8 

7600 

420.6 

98 

.9 

Av.  98 

.4 

'Tube  packed,  HC1  ab¬ 

88 

51.2 

5.6 

890 

49.9 

97 

.5 

sorbed  in  50  ml.  of  2 

91 

55.1 

6.0 

950 

54.0 

98 

.0 

N  NaOH  +  saponin 

97 

58.5 

6.4 

1020 

57.7 

98 

.3 

99 

74.5 

8.2 

1300 

73.8 

99 

.1 

98 

98.4 

10.8 

1720 

95.7 

97 

.3 

Av.  98 

.0 

Tube  packed,  HC1  ab¬ 

95 

49.1 

5.3 

840 

48.0 

97 

.8 

sorbed  in  50  ml.  of  2 

82 

64.5 

7.1 

1130 

63.5 

98, 

,4 

N  NaOH  +  ethyl  al¬ 

81 

116.3 

12.8 

2040 

114.5 

98 

,4 

cohol 

Av.  98. 

.2 

Tube  packed,  CCU 

109 

1.03 

0.11 

18 

1.01 

98. 

0 

measured  by  volume, 

110 

1.80 

0.20 

32 

1.81 

100. 

6 

absorbed  in  50  ml.  of 

108 

3.59 

0.39 

62 

3.62 

100. 

8 

2  N  NaOH  +  saponin 

107 

11.68 

1.27 

202 

11.50 

98. 

5 

Av.  99. 

5 

Tube  packed,  CCU  by 

111 

0.58 

0.063 

10 

0.58 

100. 

0 

volume,  absorbed  in 

112 

3.60 

0.39 

62 

3  54 

98 

3 

9  ml.  of  NaOH  in  spi¬ 
ral 

Av.  99. 

2 

Tube  packed,  absorbed 

in  water: 

Sample  0%  humidity 

124 

52.5 

5.6 

890 

21.0 

40. 

0 

123 

100.6 

10.7 

1700 

43.9 

43. 

8 

Av.  41 . 

9 

Sample  70%  humid¬ 

134 

43.4 

4.6 

730 

42.1 

99. 

3 

ity 

Av.  99 . 

3 

Sample  100%  humid¬ 

128 

32.8 

3.6 

570 

31.8 

97. 

0 

ity 

130 

42.4 

4.6 

730 

42.1 

99. 

3 

127 

50.6 

5.6 

890 

50.2 

99. 

2 

122 

52.3 

5.7 

910 

50 . 5 

96. 

5 

120 

55.4 

6.1 

970 

52.6 

95. 

0 

125 

57.0 

6.3 

1000 

56.1 

98. 

4 

126 

64.4 

7.1 

1130 

63.9 

99. 

2 

121 

73.3 

8.1 

1290 

72.4 

98. 

8 

119 

98.0 

10.7 

1700 

97.8 

99. 

8 

129 

138.0 

14.8 

2360 

136.4 

98. 

8 

Av.  98.2 


flask  and  diluted  to  the  mark.  Several  samples  were  pipetted 
out  and  two  different  analyses  w^ere  made.  Since  all  the  car¬ 
bon  tetrachloride  was  to  be  titrated  as  sodium  chloride,  when 
tests  showed  some  of  the  chlorine  formed  during  the  thermal 
decomposition  was  present  in  the  solution  in  the  form  of 
sodium  hypochlorite,  it  became  necessary  to  convert  the 
sodium  hypochlorite  to  sodium  chloride.  This  reduction  was 
brought  about  by  the  addition  of  0.1  A  sodium  sulfite.  How¬ 
ever,  in  order  to  ensure  the  addition  of  a  sufficient  amount  of 
this  reducing  agent,  it  became  necessary  to  conduct  a  pre¬ 
liminary  analysis  for  the  purpose  of  determining  the  sodium 
hypochlorite  concentration  of  the  solution.  This  is  unneces¬ 
sary  when  it  is  certain  that  the  relative  humidity  of  the  air 
sample  approaches  100  per  cent,  since  in  this  case  no  hypo¬ 
chlorite  is  formed  during  absorption. 

Preliminary  Analysis.  The  test  portion  was  treated  with 
10  per  cent  potassium  iodide  and  acidified  with  dilute  hydro¬ 
chloric  acid.  The  iodine  liberated  by  the  interaction  between  the 
potassium  iodide  and  the  sodium  hypochlorite  was  titrated 
against  0.1  A  sodium  thiosulfate,  using  starch  as  indicator. 


Principal  Analysis.  As  the  volume  of  0.1  A  sodium  thio¬ 
sulfate  used  in  the  preliminary  analysis  was  a  direct  measure  of 
the  sodium  hypochlorite  concentration  of  the  solution,  this  vol¬ 
ume  was  taken  as  an  indication  of  the  proper  amount  of  0.1  A 
sodium  sulfite  to  be  added  to  the  sample.  Actually,  the  amount 
of  0.1  A  sodium  sulfite  added  exceeded  the  volume  of  0.1  A  so¬ 
dium  thiosulfate  used  by  10  per  cent.  The  solutions  taken  for 
analysis  were  treated  with  the  proper  amount  of  0.1  A  sodium 
sulfite  and  a  few  drops  of  phenolphthalein;  enough  dilute  nitric 
acid  was  added  to  make  the  solution  only  faintly  alkaline  to 
phenolphthalein.  The  samples  were  allowed  to  cool  to  room 
temperature,  2  ml.  of  1  M  sodium  bicarbonate  were  added,  and 
the  solutions  were  made  just  faintly  alkaline  to  litmus  with  dilute 
nitric  acid.  Then  2  drops  of  10  per  cent  potassium  chromate 
were  added  as  indicator  and  the  solutions  were  titrated  with 
standard  silver  nitrate,  using  yellow  artificial  light  and  excluding 
daylight. 

In  the  case  of  the  nonalkaline  reagents  some  aqueous  sodium 
hydroxide  was  added  at  the  end  of  the  run  and  the  analysis  was 
conducted  as  given  above. 

Suitable  blanks  were  run  in  every  case  and  proper  deductions 
were  made  to  account  for  chlorides  present  in  the  reagents  and  the 
atmosphere. 

Experimental  Results  and  Conclusions 

Tables  I  to  IV  give  the  conditions  and  data  in  the  four  sets 
of  experiments  described  above,  and  clearly  indicate  that  this 
method  is  well  adapted  for  the  determination  of  the  concentra¬ 
tion  of  vaporized  carbon  tetrachloride  in  air. 

In  carrying  out  the  determination  given  in  Table  I,  various 
absorbing  reagents  for  the  hydrogen  chloride  were  tried.  As 
even  the  fifth  bottle  showed  appreciable  amounts  of  chloride, 
it  is  obvious  that  absorption  was  not  complete  with  the  type 
of  absorption  vessel  and  procedure  used. 

The  results  given  in  Table  III  showed  an  average  of  98.6 
per  cent  of  the  carbon  tetrachloride  accounted  for,  with  con¬ 
centrations  from  350  to  7600  parts  per  million  by  volume. 
Varying  the  sampling  rate  from  250  to  1000  ml.  per  minute 
did  not  affect  the  accuracy  of  the  method. 

Five  trials  at  concentrations  between  890  and  1720  p.  p.  m. 
with  saponin  averaged  99.1  per  cent  recovery  and  three  with 
alcohol  98.2  per  cent  recovery,  as  indicated  in  Table  III. 

When  using  the  capillary  buret,  previously  described, 
samples  of  10  liters  of  air  with  carbon  tetrachloride  concentra¬ 
tions  ranging  from  18  to  202  p.  p.  m.  gave  recoveries  averaging 
99.5  per  cent  when  saponin  was  used  in  50  ml.  of  sodium 
hydroxide.  Similar  trials  where  the  hydrogen  chloride  formed 
was  absorbed  by  9  cc.  of  sodium  hydroxide  in  a  spiral  absorber 
similar  to  that  described  by  Smyth  (7)  gave  recoveries 
averaging  99.1  per  cent  for  concentrations  of  10  to  62  p.  p.  m. 
It  is  believed  that  10  p.  p.  m.  is  not  the  lower  limit  of  accuracy 
of  the  method,  although  no  present  need  required  trials 
with  lower  concentrations. 

Using  water  as  absorbent,  it  was  shown  that  70  per  cent 
humidity  (obtained  by  bubbling  the  air  sample  through 
10  A  sodium  hydroxide)  prevented  the  formation  of  chlorine, 
and  data  reported  in  Table  III  show  that  at  this  humidity 
determination  of  hydrogen  chloride  by  absorption  in  water  is 
accurate.  Ten  trials  with  100  per  cent  humidity  (obtained 
by  bubbling  the  air  sample  through  water)  showed  recoveries 
averaging  98.2  per  cent  with  concentrations  between  570  and 
2360  p.  p.  m.,  just  as  good  as  when  the  hydrogen  chloride 
was  absorbed  in  sodium  hydroxide. 


Table  IV.  Experimental  Conditions  and  Results  of  Tests  in  Set  IV 


No. 


CCU 

Temperature 

Time 

Volume 

of 

of 

of 

Used 

Furnace 

Sampling 

Sample 

Grams 

0  C. 

Min . 

Liters 

101.4 

1100 

72 

18 

101.4 

1100 

72 

18 

101.4 

1100 

72 

18 

50.7 

1100 

72 

18 

CCU  Found  in 
Each  Sampling  Bottle3 

1  2 


% 

97.2 

97.7 

96.5 

97.0 


% 

0.0 

0.0 

0.0 

0.0 


CCU  Found 


3  The  first  absorption  bottle  contained  a  fritted  disk,  while  the  second  was  of  the  ordinary  type. 


% 

97.2 
97.7 
96.5 
97.0 
Av.  97 . 1 


Grams 

98.6 

99.1 
97.8 

49.2 


Concentration  of 
CCU  in  Room 


Used 
P.  p.  7 

500 

500 

500 

250 


Found 
P.  p.  m 

486 

489 

483 

243 
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The  experiments  outlined  in  Table  IY  again  indicate  the 
quality  of  the  results  obtained  with  the  improved  method  in 
the  experimental  room.  However,  experiments  carried  out  in 
such  a  test  room  can  yield  good  results  only  if  (1)  the  atmos¬ 
phere  is  uniformly  mixed,  (2)  the  test  room  is  sufficiently 
tight  so  that  there  will  be  no  appreciable  flow  of  atmosphere 
from  the  test  room  to  the  outside,  or  vice  versa,  during  the 
course  of  the  test,  and  (3)  the  surface  of  the  interior  of  the 
test  room  does  not  react  with  any  constituent  of  the  atmos¬ 
phere  to  be  tested.  The  experiments  can  become  highly 
unsatisfactory  if  any  of  these  conditions  is  not  fully  satisfied. 

The  thermal  decomposition  method  with  the  slight  modi¬ 
fications  given  accounts  for  at  least  97.3  per  cent  of  carbon 
tetrachloride  vapor  present  in  air,  down  to  a  concentration 
of  10  p.  p.  m.,  and  probably  lower.  Since  absorption  in 
distilled  water  will  give  recoveries  of  almost  this  degree,  the 
method  is  suitable  for  development  of  continuous  automatic 
indicating  equipment  based  on  electrical  conductivity.  It  is 
believed  that  the  chemical  method  described,  as  well  as  the 


electrical  method  suggested,  is  generally  applicable  to  the 
quantitative  determination  of  vaporized  halogenated  hydro¬ 
carbons  other  than  carbon  tetrachloride  in  air.  It  is  planned 
to  conduct  further  tests  in  this  field  in  order  to  confirm  this 
conclusion. 
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Determining  the  Resistance  of  Portland 
Cement  to  Sulfate  Waters 

An  Accelerated  Test 


R.  W.  STENZEL,  Metropolitan  W  ater  District  of  Southern  California,  Banning,  Calif. 


During  the  past  few 
years  many  investigations 
have  been  made  on  the  resist¬ 
ance  of  Portland  cement  con¬ 
crete  to  corrosive  salt  waters. 

The  conclusions  regarding  the 
actively  corrosive  constituent 
therein  have  almost  invariably 
been-  that  the  sulfate  ion  is 
primarily  responsible  for  the 
reactions  leading  to  the  even¬ 
tual  disintegration  of  the  con¬ 
crete.  It  is  likewise  now  gener¬ 
ally  agreed  that  even  the  most 
dense  practical  combinations 
of  aggregates  and  cement  will 
not  surely  resist  the  corrosive 
action  of  highly  sulfated  natural 
waters.  It  is  only  by  the  use  of  a  cement  which  does  not 
readily  react  with  sulfates  that  long  fife  of  an  exposed  con¬ 
crete  structure  is  to  be  expected. 

The  preponderance  of  experimental  evidence  indicates  that, 
if  the  cement  is  made  under  conditions  obtaining  in  the  best 
modem  practice  of  manufacture,  its  resistance  to  sulfate 
action  can  be  reasonably  well  deduced  from  its  chemical 
composition.  The  method  is  to  compute  the  hypothetical 
compound  composition  from  the  results  of  the  usual  chemical 
analysis,  as  proposed  by  Bogue  (I),  and  then  from  the  per¬ 
centage  of  the  sulfate-sensitive  compounds  to  estimate  its 
probable  resistance.  The  tricalcium  aluminate  is  widely 
regarded  as  the  source  of  all  evil  in  the  family  of  cement 
compounds  in  most  of  those  properties  which  tend  to  make 
concrete  less  durable,  and  indeed  its  properties — i.  e.,  those 
of  the  pure  compound — fully  warrant  these  suspicions.  There¬ 
fore  the  present  practice  in  consumer  specifications,  when  a 
high  sulfate-resistance  is  desired,  is  to  specify  a  composition 
which  will  make  the  percentage  of  this  compound  as  low  as 


is  economically  feasible.  A 
number  of  specifications  have 
recently  been  written  with  a  re¬ 
striction  of  this  nature,  notably 
those  of  the  Metropolitan 
Water  District  of  Southern  Cali¬ 
fornia  (5),  and  of  the  Bureau 
of  Reclamation  (3),  and  the 
results  of  tests  have  showm 
that  this  procedure  has  been 
reasonably  well  justified. 
Nevertheless,  it  is  not  to  be  pre¬ 
sumed  that  a  similar  sulfate- 
resistance-compound-composi- 
tion  relationship  will  neces¬ 
sarily  hold  for  other  geographical 
areas  where  the  raw  materials 
and  manufacturing  practice 
may  be  somewhat  different.  Therefore  it  is  desirable  to  have 
a  reliable  short-time  test  which  will  directly  measure  the 
sulfate-resistance  of  a  cement  and  whose  results  will  be 
available  by  the  time  the  usual  28-day  strength  tests  are 
completed.  One  such  test  has  been  incorporated  in  the  speci¬ 
fications  (7)  for  the  Fort  Peck  Dam,  Montana,  but  no  data 
regarding  the  results  of  its  use  and  comparison  with  actual 
concrete  tests  have  been  published. 

The  slab-warping  test  which  is  here  described  has  been 
applied  to  Portland  cements  having  a  wide  variation  in 
chemical  composition,  and  has  been  found  to  give  a  good 
correlation  with  long-time  compressive  strengths  of  the  cor¬ 
responding  mortar  and  concrete  cylinders.  Since  it  is  fun¬ 
damentally  an  expansion  test,  it  must  be  used  with  caution 
on  cements  other  than  the  Portland  variety,  such  as  cements 
with  pozzuolanic  admixtures,  and  it  is  not  applicable  to  high- 
alumina  cements  in  which  sulfate  disintegration  may  proceed 
without  external  volume  changes. 

The  test  consists  in  casting  a  neat-cement  specimen  5  X 


The  present  active  interest  in  the  manu¬ 
facture  of  Portland  cements  which  will  pro¬ 
duce  concretes  highly  resistant  to  the  ac¬ 
tion  of  natural  waters  has  created  a  need  for 
a  reliable  but  short-time  laboratory  test  to 
determine  this  resistance.  The  slab-warp¬ 
ing  test  herein  proposed  is  believed  to  give  a 
reliable  indication  of  the  probable  resist¬ 
ance  of  the  cement  to  sulfate-bearing 
waters,  and  compares  favorably  with  long¬ 
time  tests  of  concrete  cylinders  made  from 
the  same  cement.  It  has  the  merit  of  be¬ 
ing  completed  within  28  days,  so  that  it  is 
suitable  for  acceptance  test  purposes. 
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Figure  1.  Apparatus  Ensemble  for  Molding  Cement 

Slabs 

11.25  X  0.32  cm.  (2  X  4.5  X 
0.125  inch)  from  a  sample  of 
the  cement  to  be  tested,  using 
a  water-cement  ratio  of  0.40  for 
most  cements.  After  the 
cement  has  obtained  its  final 
set,  the  top  surface  is  scraped 
and  the  specimen  immersed  in 
water  for  7  days.  It  is  then 
coated  with  an  impervious  ma¬ 
terial  on  the  bottom,  and  im¬ 
mersed  in  a  10  per  cent  solu¬ 
tion  of  sodium  sulfate.  Be¬ 
cause  of  attack  (and  therefore 
expansion)  on  only  one  face, 
the  specimen  will  tend  to  warp, 
the  extent  of  the  warping  be¬ 
ing  used  as  an  indication  of  the 
extent  of  the  attack. 


with  wet  cloths  to  prevent  any  water’s  dripping  upon  the  sur¬ 
face.  After  storage  for  16  to  20  hours,  the  rubber  gasket  is  re¬ 
moved  and  the  specimens  are  carefully  scraped  with  a  stiff  steel 
spatula  until  their  surfaces  are  level  with  that  of  the  brass  mold. 
The  last  few  scrapings  should  be  done  with  special  care  to  avoid 
any  gouging  or  other  impairment  of  the  surface,  and  are  usually 
best  done  by  drawing  the  spatula  in  a  vertical  position  toward 
the  operator.  There  should  be  no  pressure  of  the  flat  part  of  the 
blade  against  the  surface,  such  manipulation  having  the  effect  of 
glazing  it  and  therefore  introducing  a  possible  variation. 

Immediately  after  scraping,  the  mold  and  slabs  are  placed  in  a 
covered  pan  of  fresh  distilled  water  and  allowed  to  cure  in  this 
way  for  3  days.  At  the  end  of  that  period  the  mold  is  stripped 
from  the  slabs,  which  are  replaced  in  the  water. 

On  the  seventh  day  the  slabs  are  removed,  and  the  bottom  sur¬ 
face  (unscraped  surface)  and  sides  are  quickly  dried  with  a 
towel  and  then  painted  with  a  coat  of  adherent  waterproof  paint, 
such  as  Goodrich  acid  seal  primer  No.  8.  The  top  surface  must 
never  be  allowed  to  become  dry  and  the  process  should  be  carried 
out  as  expeditiously  as  possible.  The  slabs  are  then  placed  face 
down  upon  a  wet  cloth  in  the  moist  room  (pro¬ 
tected  from  water  spray)  for  about  2  hours.  Any 
moisture  is  then  quickly  wiped  from  the  painted 
side  and  a  brush  coat  of  hot  beeswax  and  paraf¬ 
fin  (50-50)  is  applied.  They  are  replaced  in  the 
pan  of  water  for  at  least  15  minutes,  then  removed 
and  marked  with  the  template  to  define  the  posi¬ 
tion  of  the  spherometer  legs. 

The  initial  spherometer  reading  is  then  taken 
and  recorded,  and  the  slabs  are  placed  in  a  10  per 
cent  sodium  sulfate  solution  (100  grams  of  anhy¬ 
drous  salt  per  liter  of  water).  Subsequent  read¬ 
ings  may  be  taken  at  periods  of  3,  7,  13,  17,  and  21 
days  after  immersion,  but  the  7-day  and  21-day 
readings  at  least  must  be  obtained. 

The  susceptibility  of  the  cement  to  attack  by 
sulfate  solution  is  indicated  by  the  difference  in 
the  spherometer  readings  between  the  21-day 
and  the  7-day  period. 

With  each  group  of  slabs  there  should  be 
made  a  control  slab  of  a  cement  whose  warp¬ 
ing  curve  has  been  well  established.  If  the 


Figure  2.  Spherometer  for  Measur¬ 
ing  Slab  Warping 


Figure  1  shows  the  apparatus  used  in  preparing  the  speci¬ 
mens,  consisting  principally  of  a  gang  brass  mold,  a  rubber 
gasket  for  increasing  the  depth  of  the  specimens,  a  mixing 
cup,  and  a  spherometer.  Figure  2  shows  in  more  detail  the 
spherometer  used  for  measuring  the  extent  of  the  warping  in 
the  slabs. 

Procedure 

The  brass  mold  is  first  prepared  by  coating  it  with  a  thin  layer 
of  oil,  such  as  a  mixture  of  paraffin  and  motor  oil,  to  prevent  ad¬ 
hesion  of  the  specimen  to  the  form,  and  the  rubber  gasket  is 
cemented  on  the  mold  with  rubber  cement.  For  each  slab  to  be 
prepared,  100  grams  of  cement  are  weighed  out  and  mixed  with 
distilled  water  (from  a  pipet)  to  give  the  required  water-cement 
ratio.  This  ratio  is  standardized  at  0.40  by  weight  for  a  cement 
having  a  normal  consistency  of  22.5  per  cent.  If  the  normal  con¬ 
sistency  of  the  cement  to  be  tested  is  greater  or  less  than  this  by 
more  than  one  unit,  then  for  each  unit  greater  than  23.5  or  less 
than  21.5  the  water-cement  ratio  is  increased  or  decreased  by 
0.005  unit,  respectively. 

The  water  and  cement,  which  should  be  within  5°  of  21°  C. 
(70°  F.),  are  mixed  preferably  in  a  round-bottomed  cup  which 
has  an  opening  in  the  bottom  from  which  the  cement  paste  may 
be  drawn  while  it  is  still  being  stirred.  The  stirring  should  be 
done  in  such  a  manner  that  no  air  is  incorporated  during  the 
process,  and  should  have  a  duration  of  about  2  minutes  after 
initial  mixing.  At  the  end  of  this  time,  if  the  mixture  is  entirely 
homogeneous,  the  paste  is  allowed  to  flow  into  the  mold,  the 
stirring  being  continued  until  the  form  has  been  filled  to  the  top 
of  the  rubber  gasket.  The  paste  is  spread  evenly  in  the  form  with 
a  spatula,  using  a  slight  tapping  on  the  bottom  to  facilitate  es¬ 
cape  of  any  entrained  air  bubbles.  Any  excess  paste  is  struck 
from  the  surface  with  the  spatula,  and  the  adjacent  form  is  then 
filled  in  a  similar  manner  with  the  next  mixture.  Unless  these 
operations  are  performed  in  a  moist  room,  they  should  be  done  as 
rapidly  as  possible  to  avoid  any  evaporation  during  the  process. 

As  soon  as  the  preparation  of  the  specimen  is  completed,  the 
mold  is  placed  in  a  moist  room  at  21°  C.  (70°  F.)  and  protected 


Figure  3.  Effect  of  Water-Cement  Ratio 
on  Warping  of  Neat-Cement  Slabs 

(D68  cement) 


readings  on  this  slab  are  out  of  line  with  its  predetermined 
values,  a  faulty  technic  may  be  suspected  and  the  test 
should  be  repeated. 

The  test  is  of  course  essentially  an  index  of  the  amount 
of  expansion  produced  in  the  cement  by  the  sulfate  attack. 

From  geometrical  considerations  it  is  easily  seen  that  for 
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F igure  4.  Warping  of  Slabs  in  10  Per  Cent 
Sodium  Sulfate  Solution 

small  values  the  deflection  is  about  four  times  as  great  as  the 
^expansion  in  the  top  fibers,  thus  magnifying  the  expansion 
effect. 

The  effect  of  the  water-cement  ratio  on  the  degree  of  warp¬ 
ing  of  the  slabs  is  shown  in  Figure  3.  The  sensitivity  of  the 
.test  to  this  ratio  is  rather  high,  so  that  care  must  be  exercised 
in  the  proportioning. 

Test  results  on  various  types  of  cement  in  10  per  cent 
sodium  sulfate  are  shown  graphically  in  Figures  4,  5,  and  6. 
Figure  7  shows  comparable  specimens  in  magnesium  sulfate. 
The  curves,  which  have  been  drawn  through  the  observed 
points  and  are  in  no  way  idealized,  indicate  that  the  warping 
is  a  regular,  continuous  process,  at  least  until  large  cracks 
begin  to  appear.  In  order  to  obtain  a  numerical  value  from 
the  curves,  the  difference  between  the  21-day  and  the  7-day 
readings  has  arbitrarily  been  chosen  as  the  slab-warping 
index  to  indicate  the  relative  resistance  of  the  specimens 
to  sulfate  attack. 


F IGURE  6.  W ARPING  OF  SLABS  IN  10  PER  CENT 
Sodium  Sulfate  Solution 


Figure  5.  Warping  of  Slabs  in  10  Per  Cent 
Sodium  Sulfate  Solution 

The  chemical  composition  of  the  cements  tested  is  shown 
in  Table  I,  in  which  are  also  given  the  7-  to  21-day  index  and 
the  compressive  strength  index  of  7.5  X  15  cm.  (3X6  inch) 
concrete  cylinders  made  from  the  same  cement,  after  6  months’ 
exposure  in  10  per  cent  sodium  sulfate  solution.  This  index 
is  the  per  cent  disintegration  of  the  specimen  measured  by 
the  ratio  of  the  strength  of  the  cylinders  in  the  solution  to 
those  cured  in  a  moist  room  for  the  same  period,  subtracted 
from  unity.  Thus  20  per  cent  disintegration  indicates  that 
the  compressive  strength  of  the  sulfate-exposed  cylinder  is 
80  per  cent  that  of  the  corresponding  moist  cured  specimen, 
at  6  months.  In  the  case  of  the  MWD  specimens  the  slabs 
were  not  made  from  the  same  lot  of  cement,  but  from  other 
lots  from  the  same  mill  having  a  similar  composition.  The 
compounds  are  computed  by  the  method  of  Bogue  (1),  no 
account  being  taken  of  any  free  lime  present. 

The  last  two  columns  of  Table  I  show  that  with  the  excep¬ 
tion  of  the  “blended”  cement  E,  the  slab-warping  index  is 


F igure  7.  Warping  of  Slabs  in  10  Per  Cent 
Magnesium  Sulfate  Solution 
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Table  I.  Disintegration  of  Concretes  and  Neat  Cements 
in  10  Per  Cent  Sodium  Sulfate  Solution 


Ce¬ 

ment 

No. 

Type 

CaS 

CjS 

CaA 

CaAF 

Fine¬ 

ness 

Compres¬ 

sive 

Strength 

Index; 

% 

Dis- 

.  integra- 
Slab-  tion 
Warp-  at 
ing  Six 

Index  Months 

S 

Commercial 

49 

23 

10 

7 

Sq.  cm./ 
g. 

1700 

In./ 

1000 

48 

100 

A 

Laboratory 

53 

23 

12 

8 

2200 

32 

100 

D68 

MWD  specif.  68 

51 

22 

10 

8 

1700 

29 

100 

46N 

MWD  specif.  79 

37 

32 

6 

18 

1950 

26 

92 

B 

Laboratory 

60 

15 

8 

13 

2200 

20 

46 

C 

Laboratory 

54 

23 

9 

11 

2200 

20 

52 

66D 

MWD  specif.  79 

52 

21 

6 

13 

1900 

18 

100 

D 

Laboratory 

40 

34 

8 

14 

2200 

17 

33 

14S 

MWD  specif.  79 

46 

26 

6 

13 

2000 

16 

21 

51S 

MWD  specif.  79 

51 

21 

6 

14 

2000 

15 

50 

E 

Laboratory- 

blended 

B  v 

ith  20 

per 

2200 

cent  admixture 

11 

0 

SOW 

MWD  specif.  79 

52 

29 

7 

5 

1850 

11 

7 

S3 

Commercial  sul¬ 
fate  resistant 

60 

13 

2 

16 

1900 

9 

2 

6W 

MWD  specif.  79 

46 

36 

6 

5 

2000 

4 

0 

9W 

MWD  sulfate  re¬ 
sistant 

39 

46 

4 

5 

2000 

2 

0 

47W 

MWD  sulfate  re¬ 
sistant 

46 

38 

4 

4 

2000 

1 

0 

Table  II.  Comparison  of  Sodium  and  Magnesium  Sulfate 


Action 

Warping  Index 

In  10% 

In  10% 

Cement 

sodium  sulfate 

magnesium  sulfate 

D68 

29 

35 

46  N 

26 

24 

66  D 

18 

18 

51S 

15 

13 

50W 

11 

10 

9W 

2 

4 

47  W 

1 

generally  parallel  to  the  compressive  strength  index,  the 
displacements  of  66D  and  5  IS  being  due  to  the  fact  that 
cement  from  different  lots  of  the  same  mill  was  used  for  these 
comparisons.  It  appears  that  cements  with  an  index  of  10  or 
less  may  be  regarded  as  highly  resistant  to  sulfate  action, 
while  those  above  10  will  be  proportionately  more  susceptible. 

A  survey  of  the  properties  given  in  Table  I  indicates  that 
no  one  compound  can  be  held  to  be  solely  responsible  for  a 
lack  of  sulfate-resistance  of  the  cement.  In  agreement  with 
the  results  of  other  investigators  ( 2 ,  4,  &)>  the  sulfate-re¬ 
sistance  is  roughly  inversely  proportional  to  the  tricalcium 
aluminate  content,  but  it  is  evident  that  some  of  the  other 
compounds  and  the  fineness  also  exert  an  influence.  It  is 
interesting  to  note,  for  example,  that  cements  14S  and  6W, 
which  are  similar  except  for  percentage  of  the  aluminoferrite 
compound,  have  considerably  different  sulfate-resistant  char¬ 
acteristics,  although  the  tricalcium  aluminate  content  is  the 
same  for  both.  The  higher  tricalcium  silicate  contents  also 
tend  to  make  the  cement  less  resistant  and,  as  is  to  be  expected, 
the  coarser  cements  are  somewhat  inferior  to  the  finer  cements. 
More  extended  comparisons  than  these  are,  however,  not 
warranted,  since  most  of  these  cements  were  made  in  com¬ 
mercial  mills,  and  a  fine  distinction  in  compound  composition 
is  an  extrapolation  to  ideal  equilibrium  conditions  which  can 
hardly  be  expected  to  obtain  in  this  case.  Nevertheless,  the 
general  dependence  of  the  cement  resistance  on  chemical 
composition  for  products  from  several  different  sources  tends 
to  justify  recent  trends  of  specifying  compound  limits  when 
sulfate-resistance  is  of  primary  consideration. 

Resistance  of  cements  to  solutions  other  than  sodium 
sulfate  is  also  of  interest,  and  Figure  7  shows  the  curves  for  a 
10  per  cent  solution  of  magnesium  sulfate.  Table  II  compares 
the  warping  index  for  the  two  solutions;  the  values  are 


nearly  the  same  and  are  definitely  in  the  same  relative  order, 
which  indicates  that,  at  least  so  far  as  this  test  is  concerned, 
the  influence  of  the  positive  ion  is  of  minor  consequence  in 
comparison  to  the  activity  of  the  sulfate  ion.  The  curve  for 
a  10  per  cent  solution  of  sodium  chloride  in  Figure  7  shows  the 
negligible  effect  of  this  salt  upon  the  highly  sulfate-susceptible 
D68  cement. 

The  degree  of  reproducibility  of  the  test  during  the  period 
of  its  use  in  this  laboratory  has  been  good.  An  indication  of 
this  is  seen  in  the  curve  for  cement  D68  which  appears  in 
Figures  3  and  6,  each  of  which  represents  a  different  slab  made 
at  different  times,  from  the  same  sample  of  cement.  The 
same  is  true  for  the  curves  of  9W  in  Figures  4  and  6,  and  for  E 
in  Figures  4  and  5.  While  the  position  of  the  curves  on  the 
ordinate  scale  sometimes  varies  from  one  test  to  another, 
the  slopes  themselves  are  usually  constant,  so  that  the  warp¬ 
ing  index  (which  measures  the  slope)  can  be  reasonably  well 
reproduced.  In  this  connection  it  has  been  found  that  long 
storage  (a  year  or  more)  of  a  cement  sample  causes  it  to 
show  markedly  lower  attack  than  originally.  No  tests  have 
been  made  with  concretes  to  find  whether  the  aged  cement 
would  behave  similarly  in  such  a  specimen,  so  that  caution 
must  be  exercised  in  making  the  test  on  other  than  fresh 
cements. 

The  test  has  also  been  applied  to  natural  soils  which  were 
suspected  as  potentially  corrosive  to  concrete  structures. 
The  method  was  to  saturate-  the  soil  with  water,  adding  a 
little  excess,  and  to  immerse  the  slabs  in  the  resulting  mud. 
A  soil  having  a  sodium  sulfate  content  of  380  p.  p.  m.  showed 
only  a  slight  attack,  while  one  having  5000  p.  p.  m.  showed 
a  warping  index  of  19,  using  the  susceptible  cement  D68. 

There  are,  of  course,  many  other  applications  in  which  the 
slab-warping  test  might  prove  fruitful,  such  as  a  study  of 
the  corrosivity  of  natural  waters,  of  the  effects  of  other  salts 
and  salt  concentrations,  and  of  the  temperature  influence  on 
rate  of  attack. 

Acknowledgment 

This  work  represents  a  portion  of  the  results  of  investiga¬ 
tions  conducted  by  the  Metropolitan  Water  District  of 
Southern  California  in  connection  with  the  construction  of 
the  Colorado  River  Aqueduct.  The  laboratory  at  Banning 
is  under  the  direction  of  Lewis  H.  Tuthill,  testing  engineer, 
reporting  in  matters  of  investigation  and  research  to  Julian 
Hinds,  assistant  chief  engineer.  F.  E.  Weymouth  is  chief 
engineer  and  general  manager.  Acknowledgment  is  made  to 
E.  C.  Reid  and  the  laboratory  staff  at  Banning  for  their 
generous  cooperation. 

Literature  Cited 

(1)  Bogue,  Ind.  Eng.  Chem.,  Anal.  Ed.,  1,  192  (1929). 

(2)  Bogue,  Lerch,  and  Taylor,  Ind.  Eng.  Chem.,  26, 1049  (1934). 

(3)  Bureau  of  Reclamation,  Specifications  648,  All-American  Canal 

Project,  1935. 

(4)  Gonnerman,  Proc.  Am.  Soc.  Testing  Materials,  34,  244  (1934). 

(5)  Metropolitan  Water  District  of  Southern  California,  Specifica¬ 

tions  for  Sulfate-Resistant  Cement,  1935. 

(6)  Thorvaldson,  Wolochow,  and  Vigfusson,  Can.  J.  Research,  6, 

485  (1932). 

(7)  U.  S.  Engineers  Office,  Specifications  for  Cement,  Fort  Peck  Dam 

Project,  1934. 

Received  April  15,  1936. 


o 


The  Microestimation  of  Acetyl  Groups 

ADALBERT  ELEK  AND  ROBERT  A.  HARTE,  The  Rockefeller  Institute  for  Medical  Research,  New  York,  N.  Y. 


THE  importance  of  possessing  a  completely  trustworthy 
method  for  estimation  of  acetyl  groups  is  emphasized 
by  the  great  value  of  acetylated  derivatives  in  sugar  chem¬ 
istry  and  the  significant  role  which  recent  biochemical  in¬ 
vestigations  have  ascribed  to  acetyl  groupings  in  substances 
of  biological  interest.  Especially  is  this  so  in  the  exami¬ 
nation  of  substances  of  unknown  constitution  where  the 
result  of  a  determination  must  be  used  for  the  formulation 
of  a  reliable  structure  for  the  substance. 

Almost  all  methods,  including  the  one  here  described, 
involve  a  preliminary  hydrolysis  of  the  sample  followed  by  a 
determination  of  the  acetic  acid  liberated,  either  in  the 
reaction  mixture  itself  (which  is  possible  only  if  the  solution 
is  not  so  colored  as  to  obscure  the  transition  of  an  indicator 
or  where,  if  that  condition  prevails,  the  titration  is  performed 
electrometrically,  11),  or  subsequent  to  its  removal  there¬ 
from  by  distillation.  The  methods  of  Freudenberg  and  his 
co-workers  {2,  4),  where  transesterification  in  alcoholic 
solution  and  separation  of  the  ethyl  acetate  formed  precede 
saponification,  and  the  method  of  Kuhn  and  Roth  ( 6 ),  where 
examination  of  the  products  of  chromic  acid  oxidation  is 
involved,  are  exceptional.  A  comprehensive  review  of  the 
literature  up  to  1931  has  been  made  by  Meyer  (8). 

Since  the  appearance  of  the  micromethod  of  Pregl  and 
Soltys  {10)  who  used  p-toluene  sulfonic  acid  as  hydrolyzing 
agent,  there  have  been  two  significant  attempts  to  modify 
this  technic  in  order  to  overcome  certain  inherent  defects. 

The  first  of  these  is  the  method  of  Friedrich  and  Rapoport 
(5)  who  essayed  a  simplification  of  the  apparatus  and  the 
manipulation.  The  use  of  a  small  Claissen  flask  as  hy¬ 
drolyzing  vessel  and  the  omission  of  the  U-tube  make  the 
apparatus  simpler,  and  the  replacement  of  the  acidimetric 
titration  by  the  more  elegant  iodometric  method  is  a  de¬ 
sirable  improvement.  However,  the  regulation  of  the  air 
stream  through  the  apparatus  during  the  distillation  in  vacuo 
to  so  slow  a  rate  (only  one  bubble  in  1  to  2  seconds)  is  in 
practice  extremely  difficult  to  maintain  during  the  successive 
changes  in  temperature  in  the  system  and  seems  to  be  very 
critical.  The  technic  recommended  for  the  removal  of  the 
carbon  dioxide  from  the  contents  of  the  receiving  flask  after 
the  first  titration  is  so  very  sensitive  that  the  introduction 
of  an  error  of  considerable  and  indeterminable  magnitude 
by  the  loss  of  acetic  acid  during  the  boiling  out  is  greatly 
facilitated. 

More  recently  the  method  of  Kuhn  and  Roth  ( 6 )  has  been 
described.  These  authors  have  devised  an  apparatus  in 
which  degradation  of  the  sample  may  be  accomplished  by 
alkaline  hydrolysis  in  either  aqueous  or  alcoholic  solution, 
by  acid  hydrolysis,  or  by  chromic  acid  oxidation.  In  order 
to  use  the  last-named  reagent  it  is  necessary  to  know  the 
structure  of  the  compound  being  analyzed  to  account  for 
all  the  groupings  which  might  yield  volatile  acids.  Alkaline 
hydrolysis  more  easily  ruptures  certain  linkages  but,  in  the 
absence  of  definite  criteria  for  this,  the  use  of  alternative 
reagents  seems  to  complicate  the  problem  of  analysis  un¬ 
necessarily.  Further,  the  well-known  solvent  action  of 
alkali  on  glass  makes  for  undesirable  effects  on  the  apparatus. 
Alcoholic  solutions  of  the  reagents  are  desirable  under  certain 
conditions,  to  provide  a  more  homogeneous  reaction  mixture. 
However,  the  technic  is  complicated  by  the  necessity  for 
removal  of  the  alcohol  prior  to  the  distillation  of  the  volatile 
acid.  Distillation  in  this  method  is  conducted  at  atmos¬ 
pheric  pressure,  successive  portions  of  distillate  being  titrated 
separately  with  0.01  N  sodium  hydroxide  against  phenol- 


phthalein  after  a  short  boiling  to  remove  the  carbonic  acid 
and  the  sulfur  dioxide  formed  when  sulfuric  acid  or  p-toluene 
sulfonic  acid  is  used  as  the  hydrolyzing  agent.  In  addition 
to  the  objections  raised  before  regarding  the  boiling  of  the 
distillate,  this  plan  of  titration  of  portions  is  subject  to  the 
criticism  that  it  is  a  fertile  source  of  error,  the  normal  titri- 
metric  errors,  individually  small,  being  multiplied  by  the 
number  of  titrations  (at  least  four)  to  yield  a  not  inconsider¬ 
able  sum. 

Mention  may  here  be  made  of  the  method  of  Bailey  and 
Robinson  ( 1 ),  who  saponify  by  refluxing  the  sample  for  several 
hours  in  0.04  N  sodium  hydroxide  and  titrate  the  excess 
alkali  with  0.01  N  hydrochloric  acid.  While  this  method  is 
applicable  only  to  substances  which  do  not  possess  acidic 
functions  either  per  se  or  as  a  result  of  alkaline  splitting — 
e.  g.,  lactones,  lactams,  and  hyperacetylated  sugars  (see 
Pirie,  9) — their  finding  that  the  error  introduced  by  the 
absorption  of  carbon  dioxide  is  negligible  is  significant.  The 
conditions  they  employ  are  such  as  to  make  this  a  prime 
consideration,  due  to  the  great  avidity  of  alkaline  solutions 
for  carbon  dioxide.  It  would  seem  then,  that,  if  this  error 
is  negligible  under  their  conditions,  it  may  certainly  be  dis- 
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regarded  where  the  solution  to  be  titrated  possesses  less 
chemical  affinity  for  carbon  dioxide  because  of  its  acidity. 

In  the  method  described  below  the  hydrolysis  is  performed 
with  aqueous  p-toluene  sulfonic  acid  in  a  simplified  apparatus 
and,  following  distillation  in  vacuo,  the  sulfur  dioxide  and 
acetic  acid  are  measured  by  iodometric  titrations. 

While  the  time  required  for  an  analysis  is  not  reduced, 
fulfillment  of  the  conditions  set  forth  guarantees  accurate 
results  in  all  cases  except  where  more  than  one  volatile  acid 
is  produced  by  hydrolysis.  Excessively  high  results  arise 
from  this  last  condition.  Duplicate  analyses  show  that  the 
precision  of  the  method  is  high. 

Experimental 

The  apparatus,  as  shown  in  Figure  1,  is  constructed  wholly 
of  Pyrex  glass,  with  the  joints  especially  ground  to  be  vacuum- 
tight  with  only  water  as  lubricant.  The  connection  between 
the  side  arm  of  the  flask  and  the  condenser  is  glass  to  glass, 
sheathed  in  steamed  rubber  tubing  in  order  to  provide  suffi¬ 
cient  flexibility  to  permit  tapping  the  flask.  It  is  important, 
therefore,  that  these  parts  be  made  of  the  same  diameter 
tubing. 

For  the  hydrolysis  a  25  per  cent  aqueous  solution  of  p- 
toluene  sulfonic  acid  is  employed.  In  addition  the  following 
reagents  are  required: 

1.  An  approximately  0.01  N  iodine  solution,  prepared  by 
dissolving  1.27  grams  of  analytical  reagent  iodine  in  a  solution 
of  an  equal  weight  of  analytical  reagent  potassium  iodide  in 
freshly  boiled  distilled  water  and  diluting  to  1  liter  (or  by  dilu¬ 
tion  of  an  0.1  N  solution).  This  solution  need  not  be  standard. 

2.  An  approximately  0.01  N  sodium  thiosulfate  solution 
best  prepared  by  dilution  of  an  aged  0.1  N  solution,  preserved 
by  the  addition  of  1  per  cent  amyl  alcohol  (7).  This  solution 
must  be  standardized  at  least  at  intervals  of  2  to  3  days.  Stand¬ 
ardization  may  most  conveniently  be  effected  by  means  of 
potassium  biiodate. 

3.  A  0.01  N  solution  of  potassium  biiodate  prepared  by  weigh¬ 
ing  out  on  an  analytical  balance  exactly  325  mg.  of  the  re¬ 
crystallized  and  well-desiccated  salt  and  diluting  to  exactly  1 
liter  with  boiled  out  distilled  water. 

4.  A  1  per  cent  solution  of  soluble  starch  in  saturated  sodium 
chloride  solution. 

5.  A  4  per  cent  solution  of  analytical  reagent  potassium 
iodate  in  freshly  boiled  distilled  water. 

The  whole  apparatus,  with  the  exception  of  the  rubber 
connection  which  is  well  steamed,  is  thoroughly  cleaned  with 
chromic  acid  cleaning  mixture,  well  rinsed,  and  dried  before 
using.  Between  successive  determinations  thorough  rinsing 
with  distilled  water  is  sufficient  and  only  the  flask  need  be 
dried. 

A  well-ground  and  thoroughly  dried  sample  of  from  4  to  10 
mg.,  accurately  weighed  by  difference  on  a  microbalance,  is 
placed  on  the  bottom  of  the  hydrolyzing  flask,  preferably  using 
a  long-handled  charging  tube.  The  flask  is  then  filled  about 
three-quarters  full  with  short  pieces  (4  to  5  mm.  each)  of  4-mm. 
Pyrex  rod.  (In  preliminary  trials  soft  glass  beads  were  used. 
These  quickly  became  porous  as  evidenced  by  their  opacity  and 
were  discarded  in  favor  of  the  Pyrex  rod  which  has  since  been 
used  without  deterioration.  This  has  been  remarked  before  in 
connection  with  the  original  Pregl  halogen  method,  where  beads 
were  at  first  used  in  the  combustion  tube  and  were  later  replaced 
by  a  spiral.)  The  funnel,  wet  on  the  ground  joint  with  distilled 
water,  is  inserted  and  fastened  with  short  wire  springs.  Two 
milliliters  of  the  sulfonic  acid  reagent  are  then  added  through 
the  funnel  and  the  closed  stopcock  is  sealed  with  2  to  3  drops 
of  distilled  water  added  through  the  funnel.  In  the  analysis 
of  halogen-containing  compounds,  a  few  milligrams  of  silver 
sulfate  should  be  added. 

The  side  arm  of  the  flask  is  connected  to  the  condenser  by 
means  of  the  freshly  rinsed  short  section  of  rubber  tubing,  a 
glass-to-glass  joint  being  easily  effected.  The  receiving  flask, 
previously  charged  with  5  ml.  of  the  0.01  N  iodine  solution  with 
1  to  1.5  grams  of  potassium  iodide  (conveniently  measured  out 


as  a  powder  by  means  of  a  small  marked  test  tube)  dissolved 
therein,  is  attached  to  the  rubber  stopper  on  the  lower  end  of 
the  condenser  and  adjusted  so  that  the  sintered  plate  is  about 
1  cm.  above  the  surface  of  the  liquid.  (The  majority  of  the 
determinations  reported  here  were  carried  out  using  a  quartz 
flask  as  receiver.  Substitution  of  a  Pyrex  receiver  was  ac¬ 
companied  by  no  change  in  the  results.)  The  side  arm  of  the 
receiver  is  capped  with  a  well-washed  rubber  nipple.  The 
receiver,  up  to  the  side  arm,  is  cooled  by  immersion  in  a  beaker 
of  finely  cracked  ice,  renewed  from  time  to  time  during  the 
hydrolysis  after  removal  of  the  water  formed  by  the  melting. 
A  stream  of  cold  water  is  circulated  through  the  jacket  of  the 
condenser.  The  flask  is  tapped  sufficiently  to  mix  the  sample 
intimately  with  the  acid. 

An  asbestos  board  is  placed  as  a  shield  between  the  burner 
and  the  condenser.  The  mixture  is  heated  by  bringing  the 
water  in  the  surrounding  beaker  to  boiling.  The  level  of  water 
in  the  beaker  is  maintained  during  the  period  of  heating  by  using 
an  inverted  bottle  containing  water,  held  well  above  the  ap¬ 
paratus,  and  having  a  1-cm.  tube  reaching  just  to  the  desired 
level  in  the  beaker. 

During  the  course  of  the  heating  the  flask  is  vigorously  tapped 
at  intervals  in  order  to  agitate  its  contents.  Hydrolysis  is 
continued  for  1  hour  for  O-acetyl  and  2.5  to  3  hours  for  Y-acetyl 
compounds.  Where  the  nature  of  the  linkage  is  unknown  the 
longer  period  is,  of  course,  to  be  employed.  At  the  end  of  the 
hydrolysis  the  hot  water  is  siphoned  out  of  the  beaker  and  re¬ 
placed  by  ice-cold  water.  After  leaving  the  apparatus  to  cool 
for  about  5  minutes,  an  aspirator  is  connected  through  a  manome¬ 
ter  and  stopcock  to  the  side  arm  of  the  receiver  and  the  system 
is  evacuated  to  a  pressure  of  50  to  60  mm.  The  receiver  is 
lifted,  together  with  its  cooling  beaker,  until  the  sintered  plate 
is  about  2  mm.  from  the  bottom  of  the  receiver  and  the  water 
surrounding  the  hydrolyzing  flask  is  heated.  At  first  a  few 
very  small  bubbles  are  seen  to  pass  through  the  iodine  solution, 
but  the  bubbling  stops  in  a  few  seconds  as  the  pressure  is  equal¬ 
ized  throughout  the  system.  When  the  fluid  in  the  flask  has 
completely  distilled  over,  aided  by  occasional  tapping,  about 
1.5  ml.  of  water  are  run  in  through  the  funnel  without  either 
breaking  the  vacuum  or  stopping  the  heating.  After  the  con¬ 
tents  of  the  flask  have  become  dry,  a  second  and  finally  a  third 
portion  of  water  are  introduced  in  a  similar  manner.  Heating 
is  then  continued  until  the  contents  of  the  flask  are  completely 
dry  and  for  5  to  10  minutes  thereafter.  The  receiver  is  then 
lowered,  using  a  gentle  rotatory  motion,  until  the  sintered  plate 
is  2  to  3  cm.  above  the  fluid.  The  stopcock  between  the  re¬ 
ceiver  and  the  gage  is  closed;  the  connection  between  the  stop¬ 
cock  and  the  gage  is  broken,  and  then  by  slowly  opening  the 
stopcock  the  system  is  brought  back  to  atmospheric  pressure, 
and  the  burner  is  extinguished. 

The  condenser  is  disconnected  from  the  flask  and  washed 
through  three  times  with  small  volumes  of  distilled  water,  flow 
across  the  sintered  plate  being  aided  by  application  of  suction 
through  the  side  arm  of  the  receiver.  The  outside  of  the  lower 
part  of  the  condenser  is  washed  into  the  receiver  with  distilled 
water;  the  total  volume  should  be  about  half  its  capacity.  The 
solution  in  the  receiver,  whose  side  arm  is  capped  with  the  rubber 
nipple,  is  titrated  with  the  standard  thiosulfate,  using  2  drops 
of  the  starch  indicator  added  toward  the  end  of  the  titration. 
To  the  now  colorless  solution  about  2  ml.  of  the  potassium 
iodate  solution  are  added,  and  the  receiver  is  immediately 
stoppered  with  a  soda-lime  tube,  placed  in  a  beaker  of  water 
at  about  35°  C.,  and  allowed  to  stand  for  20  minutes.  At  the 
end  of  that  time  the  solution  is  titrated  with  the  thiosulfate 
solution,  the  end  point  being  taken  where  the  blue  color  which 
develops  during  the  titration  just  disappears. 

The  value  from  the  initial  titration  is  to  be  subtracted 
from  the  value  obtained  by  titration  of  5  ml.  of  the  iodine 
solution  in  which  1  to  1.5  grams  of  the  potassium  iodide  are 
dissolved  and  2  to  3  drops  of  dilute  acetic  acid  added.  (It 
is  especially  important  when  measuring  the  iodine  solution 
from  a  microburet  to  wait  1  to  2  minutes  before  reading  the 
buret;  the  drainage  error  may  otherwise  be  considerable.) 
This  latter  titration  should  not  be  made  until  the  mixture 
has  stood  for  about  5  minutes  at  room  temperature.  The 
difference  so  calculated  is  a  correction  for  the  sulfur  dioxide 
and  varies  from  0.00  to  0.05  ml.  Where  it  exceeds  the 
upper  limit  the  analysis  should  be  rejected.  The  difference, 
doubled  to  account  for  the  dibasicity  of  the  sulfuric  acid 
formed,  is  deducted  from  the  final  titration  as  a  correction 
for  the  acid  introduced  as  sulfur  dioxide. 
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No. 

Compound 

Formula 

Moles  of  Acetyl, 
Nature  of 
Linkage 

Weight  of 
Sample 

Vol.  0.01  AT 

Na2S2(>3 

Corr. 

Acetyl 

Found 

Acetyl 

Calcd. 

1 

Tetraacetyl  nitrophenol-/3-galactoside 

C20H22O12N 

4-0 

Mg. 

9.800 

Ml. 

8.37 

% 

36 . 74 

% 

2 

Triacetyl  monoacetone  glucose 

C16H22O9 

3-0 

8.400 

6.905 

7.22 

5.99 

36.65 

37.30 

36.70 

3 

Triacetyl  xylosazone 

C23H26O6N4 

3-0 

11.380 

7.520 

9.85 

4.94 

37.20 

28.26 

37.26 

4 

Theophylline  triacetyl  rhamnose 

C19H24O9N4 

3-0 

8.102 

8.320 

5.30 

5.51 

28.15 

28.49 

28.39 

5 

Hexose  benzylidene  diacetate  glucoside 

C18H22O8 

2-0 

9.095 

8.500 

6.20 

4.61 

28.43 

23.33 

28.50 

23.50 

6 

Benzylidene  anisaldehyde  acetate  aminoglucoside 

C24H27O7N 

1-0 

8.479 

1.92 

9.50 

9.70 

7 

Galactose  pentaacetate 

C16H22O11 

5-0 

5.824 

7.76 

55.06 

55.10 

8 

Tetraacetyl  galactose  phenylosazone 

C26H31O8N4 

4-0 

7.021 

5.32 

32.60 

32.62 

9 

Mannitol  hexaacetate 

C18H26O12 

6-0 

4.986 

6.86 

59.17 

59.41 

10 

Aldehydoglucose  oxime  hexaacetate 

C18H26O12N 

6-0 

7.317 

9.80 

57.59 

57.69 

11 

p-Nitrobenzyl  glycoside  of  triacetyl  galacturonic 
acid  methyl  ester 

C20H23O12N 

3-0 

7.711 

4.93 

27.47 

27.49 

12 

Heptaacetyl  methyl  ester  of  gentiobiuronic  acid 

C27H36O29 

7-0 

5.630 

6.10 

45.35 

45.30 

13 

Aceturic  acid 

C4H7O3N 

1  -N 

6.299 

5.36 

36.60 

14 

Acetanilide 

C8H9ON 

1-N 

6.598 

5.598 

5.62 

4.14 

36.65 

31.83 

36.75 

31.85 

15 

p,p'-Diacetyl  phenylenediamine 

C10H12O2N2 

2-N 

5.818 

6.03 

44.58 

44.76 

16 

Nitro-p,p'-diacetyl  phenylenediamine 

C10H11O4N8 

2 -N 

5.400 

4.56 

36.34 

17 

/3-Glucose  oxime  hexaacetate 

C18H26O12N 

5-0;  1-N 

5.694 

6.178 

4.79 

8.28 

36.18 

57.61 

36.27 

57.69 

18 

/3-Glucose  semicarbazone  pentaacetate 

C17H26O11N3 

4-0;  1-N 

6.110 

6.83 

48.04 

48.08 

The  acetyl  content  is  given  by  the  formula 
%  CH3CO  =  100  X 

volume  of  thiosulfate  (corr.)  X  factor  of  solution  X  0.4302 
weight  of  sample 

Representative  analytical  results  are  presented  in  Table  I. 

Discussion 

The  method  described  here  is  calculated  to  bring  micro¬ 
acetyl  determinations,  which  have  hitherto  been  regarded 
as  not  entirely  satisfactory  for  general  use,  into  line  with  the 
more  common  organic  microanalytical  procedures  as  regards 
accuracy  and  precision.  The  distillation  is  improved  over 
previous  methods  by  omitting  an  air  stream  and  establishing 
uniform  low  pressure  throughout  the  apparatus.  Intro¬ 
duction  of  a  sintered  glass  plate  at  the  lower  end  of  the  con¬ 
denser  ensures  complete  absorption  of  the  distillate  in  the 
receiving  fluid,  while  the  conditions  prevailing  throughout 
the  manipulation  have  rendered  completely  negligible  any 
error  which  might  be  due  to  carbon  dioxide.  In  fact,  a 
blank  analysis  made  with  glucose  required  no  0.01  N  thio¬ 
sulfate,  showing  complete  absence  of  carbon  dioxide.  How¬ 
ever,  these  experiments  were  performed  in  a  well-ventilated 
microanalytical  laboratory,  and  it  is  readily  conceivable 
that  other  results  might  be  obtained  elsewhere. 

While  it  may  appear  that,  in  comparison  with  other 
methods,  the  times  recommended  for  the  hydrolysis  are  un¬ 
necessarily  long,  the  employment  of  these  conditions  ensures 
r  complete  hydrolysis  regardless  of  the  nature  of  the  linkages. 

Since  the  operation  proceeds  with  very  little  attention  during 
i  the  hydrolysis,  the  increase  in  time  is  unimportant,  especially 
when  the  general  use  of  the  longer  period  may  so  often  save 
:  the  repetition  of  an  analysis.  It  is  true  that  in  some  cases 
hydrolysis  is  complete  in  20  to  30  minutes  but  there  is  no 
way  in  which  such  may  be  identified  beforehand.  In  fact, 

I  the  /3-glucose  oxime  hexaacetate  (compound  17  in  Table  I), 
where  one  acetyl  is  linked  to  nitrogen  and  the  other  four  to 
|  oxygens,  gave  satisfactory  figures  with  only  30  minutes’ 
hydrolysis. 

In  several  cases  the  1.5  hours’  hydrolysis  recommended  by 
Friedrich  (5)  for  TV-acetyl  was  found  to  be  insufficient, 

!  values  in  concordance  with  theory  being  obtained  only  after 
2.5  to  3  hours.  Using  aceturic  acid  (acetylglycine,  compound 
13  in  Table  I)  accurate  figures  were  obtained  in  2.5  hours, 
while  poorer  results  were  reported  by  Kuhn  and  Roth  (6) 
who  used  alkali  for  the  same  time.  Freudenberg  and  Soff 


(3)  had  to  hydrolyze  their  sample  11  to  15  times  to  get 
satisfactory  results. 

It  has  always  been  felt  that  quantitative  distillations  at 
reduced  pressure  were  not  suitable  for  microanalytical  pro¬ 
cedures,  especially  where  the  substance  sought  has  a  fairly 
high  vapor  pressure  at  ordinary  temperatures.  The  method 
of  Kuhn  and  Roth  (6)  was  designed  in  part  to  overcome  the 
weakness  of  such  a  procedure.  However,  quantitative  dis¬ 
tillation  of  acetic  acid  at  atmospheric  pressure  is  also  ac¬ 
companied  by  some  uncertainty.  Absence  of  a  difficultly 
regulated  gas  stream  and  improved  absorption  of  the  dis¬ 
tillate  in  the  receiver  of  the  sintered  plate  have  made  quanti¬ 
tative  recovery  of  the  distillate  a  routine  requiring  no  elabo¬ 
rate  precautions.  With  the  apparatus  and  method  reported 
here  there  is  no  necessity  for  the  frequent  changes  of  tem¬ 
perature  prescribed  by  Friedrich  (5)  and  the  extra  distillation 
recommended  here  constitutes  an  additional  guarantee  of 
complete  removal  of  the  volatile  acid. 

Summary 

An  apparatus  is  described  and  a  procedure  recommended 
for  the  quantitative  determination  of  acetyl  in  4-10  mg. 
of  substance.  A  method  for  the  quantitative  distillation  of 
volatile  substances  in  vacuo  for  analytical  purposes  is  elabo¬ 
rated. 
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Determination  of  Volatile  Fatty  Acids  by 

the  Partition  Method 
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THE  volatile  fatty  acids  most  frequently  encountered  in 
fermentation  studies  are  formic,  acetic,  propionic,  and 
butyric.  Usually  but  one  or  two  of  these  acids  are  present, 
although  three-  and  four-acid  mixtures  occur.  Experience  has 
shown  that  there  are  three  conditions  under  which  the 
determination  of  these  four  acids  will  usually  be  carried  out: 
(1)  In  routine  studies  and  in  plant  control  work  the  number  and 
identity  of  the  acids  present  are  always  known  and  the 
analysis  consists  merely  in  determining  the  percentage  of  each 
acid  present.  (2)  During  physiological  investigations  in 
which  the  fermentations  take  place  under  varying  environ¬ 
mental  conditions,  or  when  mixed  cultures  or  new  species  are 
being  used,  doubt  often  exists  as  to  the  exact  qualitative 
composition  of  the  fatty  acid  mixture.  In  such  mixtures,  the 
identification  of  the  acids  present  by  the  preparation  of  organic 
derivatives  or  by  fractional  crystallization  of  the  silver 
salts  requires  too  much  time,  except  for  the  final  identification 
of  the  acids  produced  by  a  new  species.  (3)  Higher  fatty  acids 
may  be  produced  in  small  amounts  in  addition  to  the  four 
acids  mentioned  above,  and  cause  serious  errors  in  the  analysis 
of  the  other  acids.  Also,  lactic,  pyruvic,  and  possibly  other 
hydroxy  or  keto  acids  may  be  present,  and  these  are  suffi¬ 
ciently  volatile  with  steam  to  be  partly  carried  into  the  dis¬ 
tillate  with  the  volatile  acids.  All  such  acids  will  be  re¬ 
ferred  to  here  as  “foreign”  acids.  They  may  have  been  pro¬ 
duced  by  the  fermentation,  or  added  intentionally  to  the 
medium  as  part  of  the  substrate. 

The  purpose  of  this  paper  is  to  show  the  application  of  the 
partition  method  (4,  7)  to  the  rapid  analysis  of  volatile  fatty 
acid  mixtures  under  the  above  conditions.  The  partition 
method  has  been  used  in  this  laboratory  for  the  past  5  years 
and  has  been  modified  from  time  to  time  to  meet  the  demands 
of  fermentation  research. 

Preparation  of  Fermentation  Liquors  for 
Analysis 

It  is  often  desirable  to  separate  certain  neutral  volatile 
products  (alcohols,  acetone,  etc.)  from  fermentation  liquors 
before  the  volatile  acids  are  removed.  If  unfermented  sugar 
is  present,  it  is  not  advisable  to  neutralize  the  liquor  before 
distilling  off  the  alcohols.  The  pH  of  the  solution  is  adjusted 
to  about  4  with  sulfuric  acid  (just  blue  to  Congo  red  paper) 
and  the  neutral  products,  together  with  part  of  the  volatile 
acids,  are  distilled.  The  distillate  is  neutralized  with  sodium 
hydroxide  and  distilled  until  all  of  the  neutral  products  are 
removed— i.  e.,  one-half  the  volume  is  distilled.  The  two 
residues  are  combined,  the  pH  is  again  adjusted  to  4,  and  the 
liquid  distilled  with  steam  until  2  liters  of  distillate  are  col¬ 
lected.  The  volume  of  liquid  in  the  distilling  flask  should  be 
kept  between  75  and  150  cc. 

If  the  concentration  of  the  acids  in  the  2  liters  of  distillate 
is  too  low  for  the  analysis,  the  entire  distillate  should  be 
neutralized  with  alkali  and  evaporated  to  150  cc.  The  residue 
is  acidified,  saturated  with  magnesium  sulfate,  and  distilled 
with  steam  as  described  by  Olmstead,  Whitaker,  and  Duden 
( 3 ).  One  liter  of  distillate  should  be  collected.  Alternatively, 
if  greater  concentration  is  desired,  the  original  distillate  may 
be  neutralized  with  standard  barium  hydroxide  and  evapo¬ 
rated  to  the  desired  volume.  Sulfuric  acid  exactly  equivalent 


to  the  barium  hydroxide  is  added  and  the  barium  sulfate 
removed  by  decantation  and  filtration.  In  this  alternative 
procedure  certain  contaminating  hydroxy  acids  will  be  present 
in  the  solution,  and  may  interfere  with  subsequent  analysis. 
In  the  procedures  given  below  the  concentration  of  acids 
should  be  about  0.03  M  with  respect  to  total  volatile  acid 
present. 

Conventions  Used 

To  facilitate  description  of  the  method  and  to  make  possible 
the  use  of  the  nomograms  (Figures  1  and  2),  certain  abbrevia¬ 
tions  and  conventions  have  been  adopted.  The  percentage  of 
each  acid  present  will  be  expressed  as  molar  percentage — 
the  per  cent  of  the  total  molarity  which  is  due  to  each  acid 
present. 

Assuming  that  the  entire  acid  distillate  contains  the  equivalent 
of  10  cc.  of  1.0  M  acetic  acid,  10  cc.  of  1.0  M  propionic  acid,  and 
30  cc.  of  1.0  M  butyric  acid,  or  50  cc.  of  1  M  acid  in  all,  then  the 
molar  percentage  of  acetic  acid  is  10/50  X  100  or  20,  that  of 
propionic  is  20,  and  that  of  butyric  is  60.  If  the  molar  percent¬ 
ages  of  formic,  acetic,  propionic,  and  butyric  acids  are  represented 
by  F,  A,  P,  and  B,  respectively,  the  composition  of  the  mixture 
may  be  written  A  +  P  +  B  —  100,  in  which  A  =  20,  P  =  20, 
and  B  =  60.  Since  only  monobasic  acids  are  considered,  the 
terms  “molarity”  and  “normality”  have  identical  significance. 

Principles  of  the  Partition  Method 

The  partition  method  is  based  on  the  distribution  of  the 
fatty  acids  between  two  immiscible  solvents,  such  as  water 
and  ethyl  ether,  when  dilute  water  solutions  of  the  acids  are 
shaken  with  acid-free  ether  in  separatory  funnels.  In  this 
paper  the  percentages  of  the  acids  which  remain  in  the  aqueous 
phase  are  taken  as  the  partition  constants.  The  four  sets  of 
partition  constants  shown  in  Table  I  were  determined  as 
follows: 

Solutions  of  the  pure  acids  in  water  were  adjusted  to  ap¬ 
proximately  0.03  M  each.  For  each  of  the  constants  in  column  1 
of  Table  I,  60  cc.  of  the  acid  solution  and  100  cc.  of  pure,  acid- 
free  ethyl  ether  were  shaken  vigorously  in  a  separatory  funnel 
for  1  minute.  Two  minutes  were  allowed  for  the  two  phases  to 
separate,  and  50  cc.  of  the  aqueous  phase  were  removed  and 
titrated  with  0.05  N  alkali  in  presence  of  phenolphthalein,  the 
cubic  centimeters  of  alkali  required  being  designated  as  Ni. 
The  cubic  centimeters  of  alkali  required  to  titrate  50  cc.  of  the 
original  acid  solution  were  designated  as  AT*.  The  partition 
constant  for  the  acid  is  Ni/Nt  X  100.  The  other  constants  in 
columns  2  to  4  (Table  I)  were  determined  in  like  manner,  using 
the  volumes  of  acid  solution  and  of  ether  shown  in  the  column 
headings. 


Table  I.  Partition  Constants  of  Organic  Acids 


60  cc.  of  Acid 

100  cc.  of  Acid 

150  cc.  of  Acid 

60  cc.  of  Acid 

100  cc.  of  Ether 

20  cc.  of  Ether 

20  cc.  of  Ether 

200  cc.  of  Ether 

Formic 

63.5 

90.8 

92.4 

48.1 

Acetic 

58.2 

88.8 

91.8 

42.2 

Propionic 

27.2 

78.0 

85.9 

16.2 

Butyric 

10.3 

57.3 

73.5 

5.0 

Valeric 

7.5 

39.0 

55.2 

4.3 

Lactic 

84.5 

92.7 

93.0 

77.5 

To  secure  thorough  mixing  of  the  two  phases  it  is  important 
that  the  total  capacity  of  the  separatory  funnels  be  50  to 
100  cc.  greater  than  the  combined  volumes  of  ether  and  acid 
solutions  used. 
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In  the  following  discussion  the  partition  constants  of  the 
individual  acids  will  be  referred  to  as/i,  ax,  ph  and  bu  for  the 
constants  in  column  1  of  Table  I.  The  subscripts  denote 
the  set  of  constants  referred  to  in  Table  I.  These  constants 
vary  somewhat  with  concentration  of  the  acids  in  solution. 
The  constants  in  Table  I  were  determined  for  the  acids  in 
0.03  M  solutions  and  are  valid  only  for  concentrations  rang¬ 
ing  from  0.02  to  0.04  M. 

If  two  or  more  acids  are  together  in  a  solution,  each  has  its 
own  partition  constant  and  acts  independently  of  the  other 
acids  present.  If  a  mixture  contains  acetic  and  propionic 
acids  in  equimolar  portions — i.  e.,  if  A  —  50  and  P  =  50 — 
the  partition  constant  obtained  by  shaking  60  cc.  of  the 
acid  solution  with  100  cc.  of  ether  (column  1,  Table  I)  is 

50  X  0.582  +  50  X  0.272  =  42.7  =  Ki 

The  partition  constants  are  written  decimally  in  all  calcu¬ 
lations  as  a  matter  of  convenience.  Kx  designates  the  partition 
constant  for  any  mixture  of  acids  when  60  cc.  of  acid  solution 
and  100  cc.  of  ether  are  used  to  determine  the  constant. 
Likewise  Ki  is  found  by  using  100  cc.  of  acid  solution  and  20 
cc.  of  ether  as  shown  in  column  2  of  Table  I,  etc. 

Since  no  other  mixture  of  acetic  and  propionic  acids  could 
give  42.7  as  the  value  for  Kx,  it  follows  conversely  that  if 
one  partition  constant,  such  as  K\,  is  determined  for  the  mix¬ 
ture,  the  percentage  of  each  acid  present  can  be  found.  This 
may  be  done  either  graphically  or  by  means  of  equations. 
If  two  acids  are  present  in  solution  only  one  partition  con¬ 
stant  need  be  determined,  but  there  must  be  two  equations. 
Losing  a  mixture  of  acetic  and  propionic  acids  as  an  example 
and  the  conventions  already  described,  equations  may  be 
written  as  follows: 

axA  +  -piP  =  Ki 
A  +  P  =100 

These  equations  may  be  solved  for  A  and  P  in  terms  of 
K\.  Similar  equations  may  be  written  for  any  two-acid 
mixture,  and  such  equations  are  given  below.  The  graphical 
method  is  more  convenient.  If  K\  is  determined  for  a  mixture 
of  acetic  and  propionic  acids  it  is  only  necessary  to  locate  Ki 
on  the  A-PKi  diagonal  of  Figure  1  and  read  the  molar  per¬ 
centages  of  A  and  P  on  the  ordinate.  Diagonal  lines  are 
given  for  acetic-propionic  and  acetic-butyric  acid  mixtures 
for  both  K\  and  K2  values.  Similar  charts  may  be  made  for 
any  two-acid  mixtures.  The  construction  of  Figure  1  is  given 
below. 

If  three  acids,  such  as  acetic,  propionic,  and  butyric,  are 
present  it  is  necessary  to  determine  two  partition  constants, 
Ki  and  K2,  and  Figure  2  is  used  as  described  below. 

Procedure 

Determination  of  Acids  in  Two-Acid  Mixtures.  The 
concentration  of  acid  in  the  solution  should  be  about  0.03  M. 


Bring  the  acid  solution  and  the  ether  to  be  used  to 
a  temperature  of  25°  C.  Pipet  60  cc.  of  the  acid 
solution  into  a  separatory  funnel  of  about  250-cc. 
capacity,  add  100  cc.  of  pure  ethyl  ether,  and  shake 
the  mixture  vigorously  for  1  minute.  Towels 
should  be  wrapped  around  the  funnels  to  prevent 
heating  by  the  hand.  If  the  temperature  of  the 
laboratory  differs  more  than  =*=3°  C.  from  25°  C., 
precautions  should  be  taken  to  keep  the  tempera¬ 
ture  of  the  mixture  at  approximately  25°  C. 
After  the  mixture  is  shaken,  allow  it  to  stand  for 
2  minutes  for  the  two  phases  to  separate.  Re¬ 
move  50  cc.  of  the  aqueous  phase  and  titrate  with 
0.05  N  sodium  hydroxide  (phenolphthalein),  des¬ 
ignating  the  cc.  of  alkali  as  N i.  Titrate  50  cc.  of 
the  original  mixture,  the  cc.  of  alkali  required  being 
N2.  Calculate  K\ — i.  e.,  Nx/N2  X  100. 

This  procedure  applies  only  when  the  two 
acids  present  are  known.  If  they  are  acetic  and 
butyric  acids,  locate  Kx  on  the  A-BKi  line  in  Fig¬ 
ure  1.  If  acetic  and  propionic  acids  are  present, 
locate  Ki  on  the  A-PKX  line.  Read  the  percentage  of  acetic 
acid  on  the  left-hand  ordinate.  Subtract  from  100  to  get  the 
molar  percentage  of  the  other  acid.  From  these  data  calculate 
the  amount  of  each  acid  present  in  the  original  solution.  For 
example,  if  the  50  cc.  of  acid  solution  titrated  contained  30  cc. 
of  0.05  N  acid  and  if  there  were  2  liters  of  the  solution,  there 
would  be  60  cc.  of  1  N  acid  present.  If  analysis  showed  70  molar 
per  cent  of  acetic  acid  and  30  per  cent  of  butyric  acid,  there 
would  be  42  cc.  of  1  A  acetic  and  18  cc.  of  1  N  butyric  acids 
present. 

Analysis  of  Three-Acid  Mixtures,  One  of  Which  Is 
Formic  Acid.  The  partition  constants  of  formic  and  acetic 
acids  are  so  close  together  (Figure  3)  that  accurate  determina¬ 
tions  of  either  in  the  presence  of  the  other  cannot  be  made  by 
the  partition  method.  The  formic  acid  in  such  mixtures  may 
be  determined  by  the  method  of  Auerbach  and  Zeglin  ( 1 ), 
of  Osburn,  Wood,  and  Werkman  (4),  or  of  Weihe  ( 6 ).  Ex¬ 
press  the  amount  of  formic  acid  found  as  molar  per  cent  of 
the  total  acid  as  follows: 
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Figure  3.  Partition  Constants  for  Varying  Ratios 
of  Water  to  Ether  Used  in  Their  Determination 


Find  Ki  for  the  mixture.  Determine  A2  for  the  mixture  by 
shaking  100  cc.  of  the  acid  solution  with  20  cc.  of  ether  and 
titrating  50  cc.  of  the  aqueous  phase  and  50  cc.  of  the  original 
solution.  Calculate  A2  in  the  same  manner  as  Kx.  Assume  (as 
an  example)  that  the  mixture  is  thought  to  contain  acetic  and 
propionic  acids  and  no  others.  Locate  Kx  on  the  A-PKX  diagonal, 
move  horizontally  to  the  same  ordinate  on  the  A-PK2  diagonal, 
and  read,  at  the  top  of  the  chart,  a  corresponding  value  of  K2. 
Call  this  value  A2c.  If  only  acetic  and  propionic  acids  are  present, 
A2,  the  experimental  value,  and  K2c  should  agree  in  value  to  within 
0.3  or  0.4  unit.  Usually  these  two  values  agree  within  0.2  unit. 

If  appreciable  quantities  of  other  acids  are  present  or  if  the 
qualitative  assumptions  were  wrong,  there  would  be  a  large 
difference  between  A2  and  A2c.  Suppose,  for  example,  that 
mixture  3,  Table  II,  had  been  assumed  to  contain  acetic  and 
propionic  acids  and  that  the  above  procedure  had  been  carried 
out.  The  A2  value  found  for  this  mixture  was  83.4  and  A2c 
(assuming  an  acetic-propionic  mixture)  was  86.0 — i.  e.,  K2  —  A2c 
=  —2.6.  If  mixture  2,  Table  II,  had  been  thought  to  contain 
acetic  and  butyric  acids  K2  —  A2c  would  have  been  80.5  —  73.4  = 
+7.1.  Making  correct  assumptions,  K2  —  K2c  for  mixture  3  is 
—0.2  and  for  mixture  2,  K2  —  K2c  =  —0.1. 


Suppose  the  total  acid  solution  contains  50  cc.  of  1  M  acid  and 
that  0.230  gram  of  formic  acid  is  found  present.  The  cc.  of  1.0  M 
0  230 

formic  acid  will  be  =  5.0  cc.  (1  cc.  of  1  M  formic  acid  con- 
U.U4o 

g 

tains  0.046  gram).  According  to  the  conventions  F  =  ==  X  100 

ou 

=  10  molar  per  cent.  To  determine  the  other  acids  find  K\ 
for  the  mixture  as  described  above.  Before  using  the  nomogram 
(Figure  1)  Kx  has  to  be  corrected  for  the  known  percentage  of 
formic  acid  and  a  new  constant  K\  calculated  as  follows: 

Ki  =  A'i  -  f\F 
1  100  -  F 

100 


Locate  K\  then  on  the  diagonal  corresponding  to  the  two  acids 
known  to  be  present  (aside  from  formic)  and  find  the  percentages 
of  the  two  acids  from  the  ordinate.  Multiply  each  of  these 

percentages  by  ~Jqq — -  to  get  the  true  percentages  of  the  two 

acids  in  the  solution.  Example :  The  constant,  Kx,  for  mixture  5, 
Table  II,  was  40.25  and  F  was  equal  to  10.0.  Hence 


i  40.25  -  0.635  X  10 
Kl  ~  100  -  10 
100 


37.66 


This  value  of  K\  was  located  on  the  A-PKX  line  and  gave  33.0 
and  67.0  for  +  and  P.  These  two  values,  each  multiplied  by 

— lOO —  \  e’’  — loo  )  gave  29.8  and  60.2  for  A  and  P,  respec¬ 
tively.  Thus  F  +  A  +  P  =  100.  The  constants  given  in  Table 
II  are  the  Ki  values.  The  results  shown  in  Table  II  are  representa¬ 
tive. 


Such  false  assumptions  are  not  likely  to  be  made  but  serious 
errors  sometimes  occur  in  the  determination  of  acetic,  propi¬ 
onic,  and  butyric  acids  because  of  the  presence  of  small 
amounts  of  lactic  or  pyruvic  acid  or  of  acids  above  butyric 
acid  in  the  series.  The  differences  (A2  —  K2c)  caused  by  a 
few  such  “foreign”  acids  in  two-acid  mixtures  are  shown  in 
the  first  seven  mixtures  of  Table  III.  It  has  been  found  that 
the  algebraic  sign  of  A2  —  A2e  will  always  be  negative  if  the 
numerical  values  of  the  partition  constants  of  the  foreign 
acid  are  either  greater  or  smaller  than  the  constants  of  the 
two  acids  being  determined.  Referring  to  the  curves  of 
Figure  3,  if  any  acid  shown  is  taken  as  a  “foreign”  acid  in 
the  analysis  of  an  acetic-propionic  acid  mixture,  for  ex¬ 
ample — the  K2  —  K2c  difference  will  be  negative,  and  the 
curve  of  this  foreign  acid  will  be  outside  the  curves  of  the 
acids  being  determined.  For  an  acetic-butyric  acid  mixture, 
propionic  acid  would  give  a  positive  value  for  K2  —  K2c, 
since  the  curve  lies  between  the  curves  for  these  two  acids. 
Otherwise,  for  an  acetic-valeric  acid  mixture,  both  propionic 
and  butyric  acids  wrould  give  positive  values.  Beyond  this 
the  procedure  offers  no  means  of  identifying  the  “foreign” 
acids  present. 

If  formic  acid  is  present  both  Kx  and  A2  should  be  corrected 
as  described  above : 


A'i  = 


Ai  -fxF 
100  -F 
100 


and  K\ 


K2  f2F 
100  -F 
100 


Methods  of  Confirming  Qualitative  Assumptions. 
The  exact  qualitative  composition  of  an  acid  mixture  is 
sometimes  in  doubt.  A  mixture  may  be  known  to  contain 
acetic  and  butyric  acids  and  the  presence  of  another  acid  may 
be  suspected,  or  it  may  not  be  known  whether  a  mixture  is 
one  of  acetic  and  butyric  acids  or  acetic  and  propionic  acids, 
etc.  The  procedures  given  above  tell  nothing  as  to  the  ac¬ 
curacy  of  the  analysis.  Confirmation  is  offered  by  the 
following  simple  procedure: 


Table  II.  Determination  of  Acids  by  Partition  Method 


The  K{  and  Ki  values  calculated  are  then  used  in  the  same 
manner  as  Kx  and  A2  given  above. 

Determination  of  Acetic,  Propionic,  and  Butyric  Acids 
in  a  Mixture.  Determine  Kx  and  K2  as  described  above.  Lo¬ 
cate  Ki  on  the  Ai  line  of  Figure  2  and  A2  on  the  K2  line.  Lay  a 
straight  edge  across  these  two  points  and  read  A  on  the  A  line. 
P  on  the  P  fine,  and  B  on  the  B  line  of  the  chart. 

If  formic  acid  is  present,  determine  F  and  calculate  K\  and 
K\  exactly  as  described  above.  Locate  K\  on  the  Kx  line 
and  K\  on  the  A2  line  and  read  values  of  A,  P, 

2QQ  _ J? 

and  B.  Multiply  each  of  the  values  by  — -  to 


- -Acid 

Present — 

—  Acic 

1  Found — 

Expt. 

Formic  Acetic 

Propionic  Butyric 

Formic® 

Acetic 

Propionic 

Butyric 

Ki 

Ki 

% 

% 

% 

% 

% 

% 

% 

% 

1 

0 

33.3 

66.6 

0 

33.0 

67.0 

37.4 

82.4 

2 

0 

25.0 

75.0 

0 

25.2 

74.8 

35.05 

80.5 

3 

0 

83.4 

0 

16.6 

83.7 

16.3 

50.4 

83.4 

4 

0 

30 

0 

70.0 

30.2 

69.8 

24.63 

66.8 

5 

10 

30 

60 

0 

10 

29.8 

60.2 

40.25 

83.0 

6 

10 

70 

0 

20 

10 

70.1 

19.9 

49.2 

82.2 

7 

0 

33.3 

33.3 

33.3 

32.8 

35.0 

32.0 

32.0 

75.0 

8 

0 

50 

20 

30 

49.8 

20.2 

30.0 

37.7 

77.3 

9 

10 

50 

30 

10 

10 

49.4 

31.8 

9.0 

44.9 

82.9 

10 

20 

20 

20 

40 

20 

20.0 

22.0 

38.0 

34.2 

74.8 

°  Actual  amounts  present.  No  determinations  were  made  on  formic  acid. 


get  the  percentage  of  each  acid  present.  The  results 
shown  in  the  last  four  mixtures  of  Table  II  are  typi¬ 
cal  of  many  analyses  made  in  this  manner.  Equa¬ 
tions  for  A,  P,  and  B  in  terms  of  Kx  and  A2  are  given 
below. 

It  is  possible  to  detect  the  presence  of  “foreign” 
acids  in  mixtures  of  formic,  acetic,  propionic, 
and  butyric  acids.  The  constants  in  columns  3 
and  4  of  Table  I  and  the  lines  A3  and  A4  on 
Figure  2  are  for  this  purpose.  If  acids  above 
butyric  acid  in  the  series  are  thought  to  be  pres- 
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Table  III. 

Composition  of 
Mixture 
FA  P 
.  40 

.  .  40 

.  .  80 
30 

10  40 

.  .  70 

.  50 

10  50 
.  .  20 

.  .  30 

..  40.6  20.2  30. 

ent,  determine  Ai,  A2,  and  K3  by  using  the  volumes  of  acid  solu¬ 
tion  and  ether  shown  in  Table  I.  Locate  A\  and  A2  as  de¬ 
scribed,  and  read  K3c  on  the  K3  line  at  the  point  of  intersec¬ 
tion  of  K3  and  the  straight  edge.  If  appreciable  quantities  of 
higher  acids  are  present,  A3  —  K3c  will  differ  by  more  than 
0.4  unit. 

Nonvolatile  acids,  such  as  lactic  or  pyruvic,  are  detected 
by  using  A4  in  the  same  manner.  The  data  for  the  last  four 
mixtures  of  Table  III  show  that  K3  —  K3c  is  not  significantly 
affected  by  the  nonvolatile  acids,  and  that  A4  —  A4c  does  not 
show  the  presence  of  highly  volatile  acids  (valeric,  capric, 
caproic,  etc.). 

This  latter  procedure  can  be  used  only  to  detect  large 
errors  in  analysis.  As  the  mixtures  become  more  complex, 
i  the  differences  in  the  A  and  Ac  values  become  less,  and  it  is 
more  difficult  to  get  satisfactory  agreement  between  K3 
and  K3c  or  A4  and  A4c  with  mixtures  of  known  purity.  If 
the  procedure  is  used  with  suitable  precaution  it  can  be  of 
considerable  service. 

Construction  of  Nomograms 


dividuals  to  duplicate  partition  constants  when 
working  with  the  same  purified  sample;  but  when 
different  acids  have  been  purified  and  used  some 
discrepancies  have  been  found.  Obviously  the 
difficulty  lies  in  the  purification  of  the  acids. 
The  many  different  values  published  for  the 
Duclaux  constants  of  these  same  acids  have 
probably  arisen  in  part  from  the  same  cause. 
The  constants  given  in  Table  I  were  taken  as 
average  values  of  carefully  purified  acids,  and  the 
calculations  given  below  are  based  upon  them. 
It  is  possible  that  others  may  be  able  to  use 
the  methods  given  here  without  having  to  deter¬ 
mine  new  sets  of  constants  and  standardize  the  apparatus, 
as  has  always  been  necessary  with  the  Duclaux  {2)  method. 

The  following  equations  give  the  percentages  of  the  acids  in 
terms  of  the  constants  used.  Terms  for  formic  acid  (as  known 
values)  are  included  in  each  equation.  If  formic  acid  is  not 
in  the  mixture,  the  formic  acid  term  becomes  zero  and  has  no 
effect  on  the  other  values.  For  acetic-propionic  acid  mixtures, 
using  Ki 

o-iA  +  piP  =  Ah  —  fi  F 
A  +  P  =  100  -  F 

from  which,  substituting  the  constants  in  Table  I 

A  "  -  W=^)  F  -  3  226K‘  ~  8773  -  117 F 0) 

p  "  K(p7-Z)‘  +  =  18773 “  3  226K‘  +  0 17 F  m 

For  acetic-butyric  acid  mixtures 

<ii  A  +  bi  B  =  Ah  —  f\  F 
A  +  B  =  100  -  F 


50 

io 

60 


30 

30 

20 


50 


40 

20 

30 

10 

40 

30 


Detection  of  Foreign  Acids  in  Mixtures  of 
Volatile  Fatty  Acids 

Foreign 
Acid, 

% 

Formic,  10 
Formic,  10 
Butyric,  10 
Valeric,  10 
Valeric,  10 

Lactic,  10  _ 

Propionic,  20  37.7 
None 
Lactic,  10 
Lactic,  10 
plus 

Valeric,  10 
Valeric,  9 . 1 


Ki 

K2 

K, 

Ki  Ki  —  Kic  K3 

—  K3C  Ki  —  Ki 

43.2 

83.6 

.  .  -0.02 

t 

34.8 

73.3 

..  -0.15 

50.3 

84.6 

..  -1.5 

33.7 

77.5 

..  -2.7 

34.4 

71.2 

..  -1.9 

51.5 

83.0 

..  -1.3 

37.7 

77.3 

..  +2.3 

44.9 

82.9 

88' 4 

31.5 

-0.  i 

+0.2 

32.3 

73.3 

82.7 

22.9 

0.2 

+0.9 

35.2 

72.6 

81.6 

25.6 

0.8 

+0.8 

33.1 

72.8 

82.0 

22.5 

0.5 

-0.05 

Figure  1  is  drawn  on  ordinary  cross-section  paper.  It  is 
possible  to  secure  paper  such  that  the  Ai  and  A2  scales  may 
be  read  directly  to  0.1  or  0.2  unit.  The  Ai  values  are  on  the 
horizontal  axis  and  the  diagonals  A-PKi  and  A-BKi  are 
drawn  as  shown.  The  A2  values  are  placed  at  the  top  merely 
as  a  matter  of  convenience.  The  A2  values — i.  e.,  o2,  /2, 
and  b2  of  Table  I — are  used  when  drawing  the  A-BK2  and 
A-PK2  lines.  The  two  systems  are  entirely  independent  of 
each  other  and  the  A2  scale  need  not  have  the  same  number  of 
lines  of  the  cross-section  paper  per  unit  as  the  Ai  scale. 

Figure  2  may  be  drawn  to  any  convenient  size.  The  A 
and  P  lines  may  be  made  250  mm.  in  length  and  200  mm. 
apart.  The  B  line  is  exactly  half-way  between  A  and  P 
and  has  half  their  length.  The  lines  for  the  four  constants 
A] .  .  .  A4  terminate  on  the  diagonal  from  P  —  0  to  A  =  100. 
Their  upper  ends  are  on  the  line  from  A  =  0  to  P  =  0  which 
passes  through  the  point  B  =  100.  To  calibrate  the  Ai .  .  ,A4 
lines,  use  the  corresponding  constants  for  the  pure  acids  given 
in  Table  I.  Each  line  is  calibrated  downward  from  the  value 
of  the  constant  for  butyric  acid  to  that  for  acetic  acid. 
Each  of  the  lines,  Ai .  .  .  A4,  is  located  laterally  by  the  expres¬ 
sion 


(H)/(‘+^)° 

where  D  is  the  distance  between  the  A  and  P  lines  and  a,  p, 
and  b  are  the  constants  of  Table  I  corresponding  to  the  line 
being  located.  The  intervals  so  calculated  are  measured 
from  the  P  line. 


Discussion 

The  acids  used  for  the  determination  of  the  partition  con¬ 
stants  were  purified  by  several  redistillations,  taking  for  each 
redistillation  the  fraction  nearest  the  correct  boiling  point  of 
Mthe  pure  acid.  It  has  always  been  possible  for  different  in¬ 


from  which  A 


Ki  -  100  h  _  (A  -  bi )  r  = 

(oj  -  b{)  (m  -  hi) 

2.088  Ki  -  21.5  -  1.11  F 


=  At  —  lOOai  (ai  — /i)  „ 
(bi  —  m)  ’+_  (bi  —  ai) 


121.5  -  2.088  Ah  +0.11F 


(3) 

(4) 


For  acetic-propionic-butyric  acid  mixtures  which  may  also 
contain  formic  acid  and  for  which  Ah  and  A2  are  determined, 
the  following  equations  may  be  solved  for  A,  P,  and  B: 

0.582  A  +  0.272  P  +  0.103  B  =  Ah  -  0.635  F 
0.888  A  +  0.78  P  +  0.573  B  =  A2  -  0.908  F 
A  +  P  +  B  —  100  —  F 

from  which 

A  =  164.71  +  4.508  Ah  -  3.68  Ah  -  1.161  F  (5) 

P  =  10.432  Ah  -  6.86  A,  -  529.1  +  0.155  F  (6) 

B  =  462.62  +  2.35  Ah  -  6.75  Ah  +  0.0135  F  (7) 

The  procedures  given  in  this  paper  as  confirmatory  tests 
should  be  used  for  the  most  part  as  time-saving  devices. 
The  extra  time  required  to  determine  A2  and  to  apply  the 
procedure  does  not  exceed  10  minutes,  and  experience  has 
shown  that  if  for  two  acid  mixtures  A2  —  A2c  is  within  0.2 
or  0.4  unit,  it  may  safely  be  assumed  that  the  analysis  is  cor¬ 
rect  both  quantitatively  and  qualitatively  and  no  extended 
search  for  other  acids  is  necessary.  Such  assurance  is  a  great 
satisfaction  in  fermentation  work.  Similar  methods  may  be 
developed  for  mixtures  of  acids  other  than  those  given  here. 

The  effect  of  any  “foreign”  acid  on  the  difference  A2  —  A2c 
can  be  calculated  if  the  partition  constants,  Xi  and  x2,  and  the 
molar  percentage,  X,  of  the  acid  are  known.  If  acetic  and 
propionic  acids  are  determined  in  the  presence  of  the  foreign 
acid  by  using  Figure  1,  it  is  obvious  that  false  readings, 
Ax  and  Px,  will  be  obtained.  If  x4  and  X  are  substituted  in 
Equations  1  and  2  above  they  become: 
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A  = Ki  — 100  *  -  (8) 
ai  —  pi  (at  -  pi) 

P  =  gl  ~  100gl  +  (fai  ~  x  (9) 

Pi  —  a\  (Pi  —  ai) 

The  last  term  in  each  of  these  equations  shows  the  manner 
in  which  Az  and  Px  must  be  corrected  in  order  to  obtain  A 
and  P,  the  correct  molar  percentages  of  acetic  and  propionic 
acids  in  the  mixture.  Call  these  terms  the  correction  factors 
for  X. 

The  value  of  K2  determined  experimentally  is 
K«  —  a,A  +  p2P  +  x2X 

The  value  of  K2c,  determined  as  described  above  is 
K2c  —  a2Az  +  p2Px 

Hence 

K2  -  K2c  =  a2  (A  -  Az)  +  p2  (P  —  Px )  +  x2X  (10) 

In  these  equations  A  —  Ax  and  P  —  Px  represent  the  numeri¬ 
cal  values  of  the  correction  factors  for  X.  By  substituting 
the  correction  factors  in  Equations  8  and  9  for  A  —  Ax  and 
Pi  —  Px  in  Equation  10  we  obtain 

K2  -  K2c  =  Vl,  (<fr— ^  X  -  a 2  (*1  -  Pl)  X  +  a;2X  (11) 

(pi  -  <h)  (<h  ~  Pi) 

The  effect  of  any  third  acid  on  the  analysis  of  any  two-acid 
mixtures  may  be  calculated  by  substituting  the  constants 
of  the  acids  concerned  in  Equation  11.  By  similar  methods 
the  effect  of  foreign  acids  on  K3  —  K3c  and  Ki  —  KaC  for  acetic- 
propionic-butyric  acid  mixtures  may  be  calculated.  Using 
the  constants  in  Table  I 

K2  -  K3c  =  (0.02554  x2  -  0.6204  Xi  -  0.382)  X  +  xJC 
Ka  -  KaC  =  (0.2  xi  -  0.909x2  -  0.07)  X  +  x*X 

The  molar  percentage  of  a  “foreign”  acid  is  seldom  known 
in  fermentation  studies.  These  calculations  are  intended  to 
be  of  use  when  procedures  are  being  worked  out  for  the 
analysis  of  various  acid  mixtures. 

The  methods  given  here  reach  their  maximum  effectiveness 
only  when  the  proper  sets  of  partition  constants  are  selected. 
In  Figure  3  the  partition  constants  have  been  plotted  against 
the  ratios  of  acid  solution  to  ether  used  in  determining  the 
constants.  The  ratios  range  from  0.3  (60  cc.  of  solution  and 
200  cc.  of  ether)  to  7.5  (150  cc.  of  solution  and  20  cc.  of 
ether).  For  the  Ki  system  (Figure  1)  the  ratio  is  0.6  and  for 
the  K2  system  5.0.  These  two  constants  were  used  for  the 
two-acid  mixtures  given  above  because  calculations  by 
means  of  Equation  11  showed  that  they  gave  the  maximum 
magnitude  to  the  difference,  K2  —  K2c,  when  adjacent  acids 
were  present  as  “foreign”  acids — i.  e.,  they  give  the  confirma¬ 
tory  procedure  its  maximum  sensitivity. 

If  60  cc.  of  acid  and  25  cc.  of  ether  were  used  to  get  Ki,  a 
better  differentiation  between  acetic  and  butyric  acids  would 
be  obtained,  but  no  possible  value  of  K2  could  be  found  to  give 
a  suitable  difference,  K2  —  K2c. 

It  can  be  seen  from  Figure  2  that  for  three-acid  mixtures 
the  spacing  of  the  K\  and  K2  lines  largely  determines  the 
accuracy  of  the  method.  If  constants  are  used  which  place 
the  K\  and  K2  lines  close  together  the  method  becomes  useless. 
The  expressions  used  to  calculate  the  spacing  of  K\  and  K2 
on  Figure  2  show  that  their  relative  positions  are  determined 

by  the  ratios  of  and  - ?4.  If  constants  had 

been  selected  which  made  these  ratios  equal  in  value,  the 
Ki  and  K2  lines  would  coincide.  If  simultaneous  equations 
were  used  to  calculate  A,  P,  and  B,  the  equations  under  these 
conditions  would  be  indeterminate  and  no  solution  would  be 


possible.  In  general,  if  the  constants  pi  and  p2  for  propionic 
acid  are  spaced  at  proportionately  equal  intervals  between 
ai  —  bi  and  a2  —  b2,  the  equations  are  indeterminate,  and  Ki  and 
K2  will  coincide  on  Figure  2.  By  using  the  ratios  of  0.6  and 
5.0  for  Ki  and  K2,  it  can  be  seen  from  Figure  3  that  the  con¬ 
stants  for  propionic  acid  have  been  made  to  approach  the 
constant  of  acetic  acid  for  Ki  and  to  approach  the  constant 
for  butyric  acid  for  K2,  thereby  spacing  Ki  and  K2  at  the 
maximum  distance  apart  in  Figure  2.  In  terms  of  simultane¬ 
ous  equations  the  determinants  are  made  larger. 

Distillation  methods,  such  as  the  Duclaux  method  (2) 
and  the  Virtanen  and  Pulkki  modification  ( 5 )  of  the  Duclaux 
method,  do  not  offer  the  advantages  given  above  for  the 
partition  method. 

In  the  Virtanen  and  Pulkki  procedure  one-fourth  and  one-half 
of  the  volume  of  solution  are  distilled  and  two  distillation  con¬ 
stants  are  calculated  which  correspond  to  the  two  partition  con¬ 
stants  used  here.  They  are,  for  the  one-half  volume,  ai  =  36.6, 
Pi  =  57.7,  bi  =  74.0,  and,  for  the  one-fourth  volume,  02  =  17.2, 
p2  —  30.8,  and  b2  =  43.0.  For  two-acid  mixtures  Ki/2  is  used  and 
the  results  are  probably  as  accurate  as  they  are  for  the  partition 
method.  The  other  constant,  Ki/a,  cannot  be  used  successfully, 
however,  in  the  detection  of  foreign  acids.  If  these  two  sets  of 
constants  (a,,  pi,  61,  and  a2,  p2,  b2)  are  used  to  construct  a  nomo¬ 
gram  such  as  Figure  1,  for  a  mixture  of  acetic  and  propionic 
acids  which  contains  10  per  cent  of  butyric  acid  as  a  “foreign” 
acid,  the  calculated  difference  Ki/a  —  Ki/aC,  corresponding  to 
the  authors’  K2  —  K2c,  has  a  value  of  only  0.14  as  compared  to 
the  authors’  value  of  1.5  (mixture  3,  Table  III).  It  has  been 
shown  above  that  if  mixture  2  (Table  II)  had  been  falsely  as¬ 
sumed  to  be  a  mixture  of  acetic  and  butyric  acids,  K2  —  K2c 
would  have  been  +7.1.  For  the  same  mixture  under  the  same 
conditions  Ki/a  —  Ki/iC  is  only  0.6.  For  mixture  3  (Table  II), 
assuming  an  acetic-propionic  acid  mixture,  K2  —  K2c  would  be  —2.6 
and  Ki/a  —  K1/1C  would  be  0.22.  For  confirming  the  analysis 
the  partition  method  apparently  has  10  times  the  sensitivity  of 
the  distillation  method. 

For  three-acid  mixtures  the  two  constants  are  used  as  they  are 
for  the  partition  method,  except  that  Virtanen  and  Pulkki 
did  not  use  the  equation  +  +  P  +  B  —  100  but  used  A  +  P  + 
B  =  cc.  of  0.1  N  acid.  If  their  two  sets  of  constants  are  used  to 
construct  a  nomogram  similar  in  size  to  Figure  2,  the  Ki/a  and 
K\/2  lines  would  be  only  3.3  mm.  apart  as  compared  to  26  mm. 
for  Ki  and  K2.  Any  error  which  occurred  in  the  determination 
of  Ki/a  or  X1/2  would  cause  about  eight  times  as  much  error  in 
A,  P,  and  B  as  would  an  error  of  equal  magnitude  in  K\  or  K2. 
Experience  with  the  distillation  methods  and  with  the  partition 
method  indicates  that  about  the  same  errors  are  to  be  expected 
in  the  determination  of  the  constants  in  the  different  procedures. 

The  ethyl  ether  used  should  be  free  of  acid.  It  is  some¬ 
times  necessary  to  purify  the  ether  by  shaking  it  with  1  N 
alkali  and  storing  it  for  a  day  or  so  over  calcium  chloride. 
The  use  of  isopropyl  ether  ( 6 )  has  been  discontinued  because 
of  the  difficulty  of  keeping  it  acid-free. 

The  volumetric  glassware  should  be  standardized  and  all 
titrations  carefully  made.  No  precautions  have  been  taken 
to  exclude  carbon  dioxide  during  the  titrations. 

Summary 

The  partition  method  described  by  Werkman  (7)  has  been 
used  extensively  in  this  laboratory  for  5  years  and  has  been 
modified  to  meet  the  demands  of  fermentation  research. 

Procedures  are  given  for  the  determination  of  the  acids  in 
two-acid  mixtures  by  using  one  partition  constant.  By  the 
additional  use  of  a  second  partition  constant  it  is  possible  to 
detect  the  presence  of  acids  other  than  the  two  acids  assumed 
to  be  present.  Nomographic  methods  are  used. 

The  two  partition  constants  may  also  be  used  to  determine 
the  acids  in  three-acid  mixtures.  Procedures  are  given  for 
the  detection  of  large  errors  in  the  analysis  of  three-acid 
mixtures  by  the  further  use  of  two  additional  partition 
constants. 

If  formic  acid  is  present  in  any  of  the  acid  mixtures,  it  is 


JULY  15,  1936 


ANALYTICAL  EDITION 


275 


determined  separately  and  treated  as  a  known  quantity. 
The  other  acids  are  determined  in  the  presence  of  formic  acid. 
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An  Overhead  Heater  for  Rapid  Evaporation,  Drying, 

and  Charring 

LESLIE  F.  NIMS  AND  M.  K.  HORWITT,  Yale  University  School  of  Medicine,  New  Haven,  Conn. 


Figure  1.  Radiant  Heater  as  Used  for  Evaporation  of 

Fluids 

Hot  plate  serves  only  as  convenient  support  for  dishes. 


THE  foaming,  spattering,  and  creeping  of  fluids  that  often 
accompany  some  of  the  procedures  in  quantitative 
analyses  can  be  obviated  by  the  proper  application  of  heat  (1). 
Figure  1  illustrates  a  simply  constructed  overhead  heater, 
made  from  a  standard  commercial  unit,  sufficiently  large  to 
allow  the  simultaneous  treatment  of  ten  50-cc.  or  four  200-cc. 
samples.  With  this  apparatus,  troublesome  evaporations 
can  be  carried  out  expeditiously — for  example,  200  cc.  of 
urine  can  be  taken  to  dryness  in  half  an  hour  with  no  signs 
of  ebullition  or  foaming.  Materials  such  as  casein,  blood,  and 
sugar,  which  are  difficult  to  ash  by  the  usual  methods,  can 
be  quickly  dehydrated  and  charred  under  the  heater.  The 
residues  may  then  be  safely  placed  in  a  hot  muffle  furnace 
to  complete  the  ashing. 


The  heater  is  made  from  the  top  unit  (17.5  X  35  cm.,  7  X  14 
inches)  of  a  muffle  furnace  (multiple-unit  furnace,  Type  56,  Hevi 
Duty  Electric  Co.),  with  the  radiating  face  of  the  unit  protected 
by  a  sheet  of  stainless  steel  (Ka2SMO  of  the  Crucible  Steel  Co. 
or  equivalent  is  satisfactory).  The  apparatus  is  supported  on 
two  ring  stands  by  a  suitable  brass  framework.  The  heating 
unit  is  connected  directly  to  a  220- volt  line  and  draws  about  17.5 
amperes  when  hot.  Under  these  conditions  the  radiating  sur¬ 
face  becomes  a  bright  cherry  red.  The  amount  of  heat  received 
by  the  dishes  is  regulated  by  raising  or  lowering  the  unit.  The 
efficiency  of  the  radiator  could  be  increased  by  thermal  insulation 
for  the  top  surface,  but  it  has  been  found  convenient  to  use  the 
top  surface  as  a  high-temperature  hot  plate.  A  smaller  unit 
(top  unit  of  a  multiple-unit  furnace,  Type  52),  12.5  X  25  cm. 
(5  X  10  inches),  drawing  10.5  amperes  when  connected  directly 
to  110  volts,  has  proved  useful  for  analyzing  samples  in  small 
crucibles. 

In  Table  I  are  given  the  times  necessary  to  complete  the 
procedures  there  listed .  The  radiant  heater  would  be  especially 
useful  in  those  methods  that  require  frequent  evaporations, 
such  as  microdeterminations  of  bromine  or  iodine  in  biological 
materials,  where  as  much  as  24  hours  may  be  saved  on  a 
single  analysis. 

Table  I.  Time  Required 


Material  Operation  Time 

Min. 

Water  Evaporate  200  cc.  to  dryness  30 

Urine  Evaporate  200  cc.  to  dryness  and  char  45 

Blood  Evaporate  10  cc.  to  dryness,  char,  add  1  cc.  of 

coned,  nitric  acid,  and  evaporate  to  dryness  45 
Casein  10  grams  plus  70  cc.  of  water  and  4  cc.  of  8  N  po¬ 

tassium  carbonate.  Evaporate  to  dryness  and 
char  60 

Sodium  chloride  0.5  gram  plus  2  cc.  of  coned,  sulfuric  acid.  Evapo¬ 
rate  to  dryness  and  heat  to  cessation  of  fuming  90 
Glucose  10  grams,  thoroughly  charred  4(L 
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Analysis  of  Plant  Tissue 

Application  of  a  Semi-Micro-Kjeldahl  Method 

W.  W.  UMBREIT  AND  V.  S.  BOND,  University  of  Wisconsin,  Madison,  Wis. 


A  semi-mieromethod,  suitable  for  the 
determination  of  nitrogen  in  plant  tissues, 
is  described.  The  method  is  rapid,  in¬ 
expensive,  suitable  for  small  samples,  and 
facilitates  determination  of  large  numbers 
of  samples.  Its  precision  and  accuracy  on 
the  basis  of  a  statistical  analysis  of  the  data 
are  given. 

RESEARCH  on  the  nitrogen  metabolism  of  plant  tissues 
demands  a  method  for  accurate  determination  of  total 
nitrogen  on  relatively  small  samples.  The  limitations  imposed 
on  plant  culture  work— e.  g.,  the  necessity  for  constant  en¬ 
vironmental  and  nutrient  conditions — do  not  admit  the  use 
of  large  samples  in  metabolic  studies  in  which  frequent  sam¬ 
pling  of  specific  tissues  is  necessary.  Further,  as  the  number 
of  plants  in  such  an  experiment  is  increased  the  variable  fac¬ 
tors  introduced  by  varied  environmental  conditions — e.  g., 
light — -play  an  increasingly  important  part  in  determining  the 
extent  of  growth,  and  hence  results  of  the  experiment.  In 
addition  to  being  applicable  to  small  amounts  of  material,  it  is 
essential  that  the  method  be  rapid,  simple,  inexpensive,  and 
adapted  to  routine  determinations  on  a  large  number  of 
samples. 

This  need  is  most  readily  met  by  use  of  semi-micropro¬ 
cedures.  Equal  speed  and  ease  of  manipulation  are  possible 
with  microtechnics,  but  these  often  require  expensive  ap¬ 
paratus  and  specialized  skill  not  always  available.  In  this 
paper  is  detailed  a  semi-micro-Kjeldahl  method  suitable  for 
plant  metabolism  studies;  this  method  is  essentially  a  combi¬ 
nation  of  standard  procedures  used  in  the  macroanalysis,  but 
which  have  been  modified  to  meet  the  requirements  already 
outlined.  It  should  be  emphasized  that  semi-micromethods 
involve  more  than  mere  reduction  in  size  of  macroprocedures. 
Methods  are  too  often  transferred  from  macro-  to  micro-  or 
semi-microtechnic  and  from  one  type  of  tissue  to  another 
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Figure  1.  Effect  of  Various  Factors  on  Recovery  of 
Nitrogen  ry  Aeration 


without  evidence  that  the  method  so  modified  is  applicable 
to  the  new  conditions.  Critical  examination  of  macro-  and 
microprocedures  for  determination  of  nitrogen  have  frequently 
been  made,  but  similar  work  on  semi-micromethods  is  not 
available.  Moreover,  it  is  fallacious  to  assume  that  the  exist¬ 
ing  semi-micromethods  developed  for  the  analysis  of  pure 
compounds  or  for  animal  tissue  are  suitable  for  the  analysis 
of  plant  tissue  without  some  modification.  Before  acceptance 
it  is  essential  that  evidence  be  presented  concerning  the 
applicability,  accuracy,  and  precision  of  the  modified  method 
when  used  for  routine  analysis  under  given  conditions — e.  g.. 
in  plant  metabolism  experiments. 

Estimation  of  Ammonia 

Of  the  numerous  methods  described  for  the  estimation  of 
ammonia,  only  a  few  were  found  to  be  suitable. 

The  steam  distillation  recommended  by  Parnas  and  Wagner 
(6)  and  distillations  of  other  types,  while  excellent  for  micro¬ 
work,  require  considerable  attention  and  are  not  adapted  to 
routine  determinations  on  a  large  number  of  samples.  In 
addition  they  are  not  particularly  suitable  to  the  estimation 
of  ammonia  nitrogen  in  undigested  plant  saps.  An  attempt 
to  simplify  the  procedure  by  simple  distillation  from  the 
semi-micro-Kjeldahl  flask  through  a  microdistilling  head  into 
standard  acid,  as  in  the  macromethod,  entailed  a  loss  in 
precision,  as  is  shown  by  the  relatively  large  standard  devia¬ 
tions  of  the  mean  (Table  I).  Aeration  into  standard  acid 
was  found  to  be  satisfactory  from  the  point  of  view  of  ease 
and  speed  of  manipulation,  precision,  and  accuracy.  The 
apparatus  used  is  essentially  that  of  Van  Slyke  and  Cullen 
(11).  A  bank  of  24  to  36  units  is  easily  operated  by  a  simple 
water  aspirator  and  the  rate  of  airflow  measured  with  a 
standardized  flowmeter.  As  will  be  seen  from  Table  I,  the 
precision  and  accuracy  of  this  method  are  entirely  satisfactory. 


Table  I.  Nitrogen  Determination 


No.  of 

Nitrogen  Found 

Method 

Material 

Macro-  Kjeldahl 

Samples 

(Semi-Micro) 

Simple  dis¬ 

(NHPzSCL 

1.94  ±  0.01® 

26 

1.96  ±  0.05° 

tillation 

0.97  ±  0.01 

25 

0.91  ±0.03 

Digested 

2.27  ±  0.02 

19 

2.36  ±0.03 

soybean 

sap 

0.91  ±  0.02 

9 

0.99  ±0.06 

Aeration 

(NH^SOi 

0.39  ±0.01 

3 

0.37  ±  0.00 

0.97  ±0.01 

3 

0.95  ±0.01 

1.94  ±0.01 

3 

1.94  ±0.01 

Digested 

2.27  ±0.02 

30 

2.26  ±0.01 

soybean 

0.91  ±0.02 

4 

0.92  ±0.00 

sap 

0.45  ±  0.02 

10 

0.46  ±  0.01 

°  The  deviation  given  is  the  standard  deviation  of  the  mean. 


The  rate  and  time  of  aeration,  the  concentration  and  volume 
of  the  sample  solution,  the  temperature,  and  the  pH  of  the  sample, 
all  influence  recovery.  These  factors  have  been  discussed  by 
many  workers,  particularly  Folin  (4)  and  Sessions  and  Shive 
(8)  By  reference  to  Figure  1  it  will  be  seen  that  a  rate  of  1.5 
liters  per  minute  at  room  temperature  gives  complete  recovery 
in  slightly  over  3  hours,  4  hours  being  entirely  adequate.  Since, 
longer  aeration  does  not  alter  the  final  results,  samples  may  be 
left  aerating  as  long  as  is  convenient — e.  g.,  overnight — provid¬ 
ing  the  aeration  time  is  at  least  4  hours.  At  aeration  rates  above 
1  liter  per  minute,  addition  or  omission  of  inorganic  salts  does 
not  influence  the  results.  The  pH  of  the  sample  should  be  at 
least  8.0.  In  aerating  from  plant  juices,  excess  alkali  is  to  be 
avoided.  For  quantities  of  nitrogen  greater  than  5  mg.  the  boric 
acid  absorption  of  Meeker  and  Wagner  (5)  may  be  used;  phenol 
is  somewhat  better  than  boric  acid  for  this  absorption.  However, 
in  the  range  from  0.5  to  5.0  mg.  of  nitrogen  the  precision  of  such 
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absorptions  is  not  as  great  as  is  the  0.018  N  acid-alkali  titration. 
For  smaller  quantities  of  nitrogen  the  absorption  bulbs  of 
Folin  (4)  are  necessary  and  nesslerization  is  convenient. 

Digestion  of  Sample 

The  conversion  of  nitrogenous  compounds  into  ammonia 
by  digestion  with  concentrated  sulfuric  acid  in  the  presence 
of  a  catalyst  does  not  always  proceed  quantitatively  and  in 
these  cases  certain  modifications  have  been  introduced.  The 


is  washed  clean  and  its  contents  are  collected  in  the  flask.  Evapo¬ 
ration,  digestion,  and  nitrogen  estimation  proceed  as  in  the  general 
method.  Precision  and  accuracy  are  discussed  below. 

Basic  Nitrogen  Fraction  (Phosphotungstic  Acid  Precipi¬ 
tates).  There  is  perhaps  no  group  of  reduced  nitrogenous 
compounds  less  susceptible  to  Kjeldahl  nitrogen  determination 
than  those  found  in  the  fractions  precipitated  by  phosphotungstic 
acid.  Modifications  suitable  for  quantitative  determination  of 
total  nitrogen  in  these  are  discussed  by  Umbreit  and  Wilson  (10) 
in  connection  with  the  semi-micromethod  for  basic  nitrogen. 


general  method  of  analysis  will  be  described  in  detail,  then 
certain  modifications  indicated  for  different  types  of  samples. 

Method  for  Total  Nitrogen.  The  sample,  containing  from 
0.5  to  5.0  mg.  of  nitrogen,  is  weighed  or  pipetted  into  a  100-cc. 
semi-micro-Kjeldahl  flask  and  5  cc.  of  catalyst-digestion  mixture 
are  added.  This  mixture  consists  of  2  grams  of  copper  sulfate, 
2  grams  of  selenium  oxide,  100  grams  of  sodium  sulfate,  500  cc.  of 
water,  and  500  cc.  of  concentrated  sulfuric  acid.  Modifications  to 
suit  specific  materials  are  discussed  below.  Digestion  is  carried 
out  over  a  low  flame  until  almost  water-white.  For  most  ma¬ 
terials  this  entire  digestion  is  completed  in  30  minutes.  The 
sample  is  allowed  to  cool,  diluted  with  about  20  cc.  of  water,  and 
washed  into  an  aeration  tube.  The  total  volume  of  sample  and 
washing  should  not  exceed  50  cc. 

The  neutralization  of  the  digestion  mixture  is  carried  out  in 
two  stages:  (1)  sufficient  10 N  alkali  is  added  to  change  the 
crystal  violet  (1  drop  of  0.2  per  cent  solution)  from  yellow  through 
green  to  blue  (this  preliminary  addition  of  alkali  is  insufficient  to 
cause  the  evolution  of  ammonia  but  accounts  for  the  greater 
amount  of  the  heat  of  neutralization).  (2)  The  sample  is  allowed 
to  cool  before  making  completely  alkaline  to  avoid  condensation  of 
moisture  in  the  trap  between  the  sample  and  receiving  tube. 
This  trap  may  be  omitted  when  the  aeration  apparatus  is  used 
solely  for  Kjeldahl  digest  but  is  necessary  in  aeration  of  am¬ 
monia  from  plant  juices.  The  sample  tube,  then,  is  cooled,  placed 
in  the  aeration  rack,  made  entirely  alkaline  to  phenolphthalein, 
and  aerated  (1500  cc.  per  minute)  into  25  cc.  of  0.018  N  sulfuric 
acid  for  at  least  4  hours.  The  acid  is  back-titrated  with  0.018  N 
sodium  hydroxide  using  bromocresol  green. 

Dry  Samples  without  Nitrate.  From  50  to  200  mg.  of  the 
sample,  ground  to  200  mesh,  are  weighed  into  the  flask,  the 
catalyst-digestion  mixture  is  added,  and  the  samples  are  analyzed 
as  described  above. 

Dry  Samples  Containing  Nitrate.  The  semi-micro  salicylic- 
sulfuric  acid  analog  of  the  macromethod  is  entirely  applicable. 
Some  slight  modifications  are  necessary,  since  water  must  not 
be  added  until  after  nitration  and  reduction.  The  sample  is 
weighed  as  usual,  2.5  cc.  of  the  salicylic-sulfuric  acid  mixture 
used  in  the  official  macromethod  ( 1 )  are  added,  mixed  well,  and 
the  whole  is  allowed  to  stand  for  30  minutes.  A  small  crystal 
of  sodium  thiosulfate  is  added  and  the  mixture  heated  carefully 
for  5  minutes.  After  cooling,  5  cc.  of  modified  digestion  mixture 
(exactly  the  same  as  the  normal  digestion  mixture  except  that 
the  500  cc.  of  concentrated  sulfuric  acid  are  replaced  by  500  cc. 
of  water)  are  added,  evaporated  until  white  fumes  come  off, 
digested,  and  aerated  as  usual.  On  dry  samples  containing  ni¬ 
trate  the  same  precision  has  been  found  with  this  modification 
as  with  dry  samples  containing  no  nitrate. 

Wet  Samples  without  Nitrate.  The  general  method  is 
entirely  adequate.  The  data  given  in  Table  I  are  typical  of  the 
results  obtained.  When  plant  sap  samples  are  compared  with 
similar  samples  containing  nitrate,  both  should  be  run  by  the 
nitrate  modification,  even  though  one  is  free  from  nitrate  nitrogen. 

Wet  Samples  Containing  Nitrate.  It  has  been  shown  by 
Ranker  (7)  that  the  salicylic  acid  method  is  not  applicable  to 
wet  samples  and  reduction  by  other  means  is  necessary.  This 
reduction  may  be  carried  out  in  acid  or  alkaline  solution,  the 
latter  being  preferable  on  plant  saps  in  that  it  eliminates 
the  possible  source  of  error  due  to  the  loss  of  nitrogen  from 
the  reaction  of  nitrous  acid  on  free  amino  groups  present.  The 
method  used  is  that  of  Davisson  and  Parsons  (2),  modified  for 
semi-microwork.  The  sample  is  made  0.125  N  to  0.1  A  with 
sodium  hydroxide,  150  mg.  of  Devarda’s  alloy  are 
roughly  measured  in,  and  the  flask  is  attached  to  the 
Davisson  and  Parsons  tower,  which  contains  5  cc.  of 
the  normal  catalyst-digestion  mixture.  The  flasks  are 
allowed  to  stand  in  the  cold  for  about  10  minutes, 
then  warmed  slightly  until  the  active  evolution 
of  hydrogen  ceases  (10  to  15  minutes).  Foaming 
may  be  prevented  by  adding  a  drop  of  capryl  alcohol 
to  the  sample  at  the  start.  The  heat  is  removed 
and  the  catalyst  allowed  to  suck  back  into  the  flask. 

With  repeated  heatings  and  washings  the  entire  tower 


Discussion 

The  precision  of  the  method  on  various  types  of  samples 
determined  by  a  comparison  of  duplicates  is  fundamental  to 
the  interpretation  of  any  results  obtained  through  its  use. 
The  method  has  now  been  used  for  over  a  year  in  routine 
analysis  on  several  thousand  samples  of  plant  materials, 
soils,  and  bacteriological  media,  as  well  as  in  research  on 
nitrogen  metabolism.  The  estimations  of  precision  given  in 
Table  II  are  obtained  from  the  regular  routine  work  of  the 
laboratories  now  using  the  method  and  as  such  represent  the 
precision  under  varied  conditions  of  analyst,  laboratory,  and 
sample  type.  The  correlation  coefficient,  r,  between  the 
nitrogen  content  of  the  samples  and  the  difference  between 
duplicates  showed  these  to  be  independent.  The  values  of 
r  given  in  Table  II  are  not  significant  as  judged  by  the  t  test 
(8,  4)-  The  weighted  averages  of  the  differences  between 
duplicates  are  given  in  Table  II ;  in  taking  two  duplicates  from 
the  same  sample  one  can  normally  expect  them  to  agree 
within  0.03  or  0.04  mg.  of  nitrogen,  the  percentage  deviation 
varying  with  the  nitrogen  content  (for  the  2  mg.  of  nitrogen 
range  this  deviation  would  be  1.5  to  2.0  per  cent  of  the  nitrogen 
in  the  sample). 


Table  II.  Precision  of  Method 


Type  of  Sample 


Dry  —  NO3 
Wet  ±  NO3 


N  Range 


0 . 50-4 . 00 
0.33-5.28 


Number  of 
Duplicates 


207 

108 


+  0.073 
-  0.05 


Weighted 
Average 
Difference  in 
Duplicates 
Mg. 

0.031 

0.041 


The  accuracy  of  a  method  is  something  apart  from  its  pre¬ 
cision,  and  before  the  data  may  be  relied  upon  it  must  be 
shown  that  it  is  actually,  determining  the  component  it  pur¬ 
ports  to  measure.  The  method  here  described  gives  virtually 
the  same  results  as  does  the  macro-Kjeldahl  method.  In  those 
cases  where  the  macro-Kjeldahl  disagrees  with  the  Dumas 
method  (9)  the  results  obtained  by  the  use  of  the  semi- 
micromodification  described  agree  with  the  macro-Kjeldahl 
data.  The  method  is  therefore  subject  to  the  limitations  of 
its  macroanalog,  though  it  is  not  as  readily  influenced  by 
slight  changes  in  procedure  as  is  the  macromethod. 

The  semi-micromethod  is  adaptable  to  all  the  modifications 
of  the  macro-Kjeldahl  method.  From  the  data  in  Table  III, 
it  will  be  seen  that  in  the  case  of  soybean  materials,  combi¬ 
nations  of  mercury  and  hydrogen  peroxide  with  selenium  give 
no  better  results  than  selenium  alone.  Likewise,  mercury 
and  hydrogen  peroxide  alone,  permanganate,  persulfate, 
dichromate,  phosphoric  acid,  and  copper  selenate  gave  no 
better  results  than  selenium  dioxide  with  nitrogenous  ma¬ 
terials  from  soybeans. 

Table  III.  Adaptability  of  Method 
(Based  on  quadruplicate  samples  of  each  treatment) 


Soybean  sap 
Soybean  sap 
Basic  fraction 
(soybean) 
Peptone 
Yeast 


Selenium 
(as  SeCb) 

5.89  ±  0.02 
1.79  ±  0.02 

2.70  ±  0.02 
2.51  ±  0.02 

1.71  ±  0.01 


Selenium 
+  Mercury 


5.84 

1.79 


0.02 

0.03 


2.72  ±  0.02 
2.52  ±  0.02 
1.81  ±0.03 


Selenium 
+  Hg  +  H2O2 

5.91  ±  0.02 
1.80  ±0.02 

2.68  ±  0.02 
2.50  ±  0.02 


Alkaline  Hydrolysis 
Se  +  Hg  Selenium 


5.88  = 
1.80’ 

2.83 

2.53 

1.73 


0.01 

0.03 

’0.04 
=  0.02 
=  0.01 


5.90  ±  0.02 
1.83  ±  0.02 

2.87  ±0.05 
2.55  ±  0.02 
1.72  ±0.00 
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Finally,  use  of  the  modifications  for  nitrate  nitrogen  in 
addition  to  total  nitrogen  gives  quantitative  estimation  of 
both  forms,  as  will  be  noted  in  Table  IV.  The  authors  have 
found  no  evidence  that  the  organic  matter  present  is  able 
to  reduce  the  nitrate  during  the  process  of  digestion,  and  re¬ 
duction  with  nascent  hydrogen  must  be  resorted  to. 

Table  IV.  Nitrate  Nitrogen  Determination 

- - Nitrogen  Found - , 


No.  of  Nitrogen  Present 
Material  Samples  Organic®  Nitrate 

Total 

Re- 

Nitrate  covery 

Mg. 

Mg. 

Mg. 

Mg. 

% 

Pure  NaNCh  6 

Sap  +  NaN03  12 
Sap  +  NaNOj  5 

2.25 

2.25 

0.45 

0.45 

0.20 

0.45  ±  0.02 
2.69  ±0.06 
2.45  ±  0.03 

0.45  ±  0.02 
0.44  ±  0.06 
0.20  ±  0.03 

100 

97 

100 

°  Determined  on  sap  before  addition  of  nitrate. 
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Determination  of  Hydroxyl  Groups  in 

Organic  Compounds 

M.  FREED  AND  A.  M.  WYNNE,  Department  of  Biochemistry,  University  of  Toronto,  Toronto,  Canada 


DURING  an  investigation  of  the  enzymic  synthesis  of 
glycerides  it  was  desirable  to  have  information  as  to  the 
degree  of  esterification  accomplished  at  various  stages  of  the 
reaction.  For  this  purpose  a  method  for  the  determination 
of  the  hydroxyl  content  of  the  product,  based  upon  that  of 
Verley  and  Bolsing  (2),  was  devised.  The  method  of  these 
workers,  as  originally  described,  required  more  material  than 
could  be  conveniently  obtained  in  the  synthetic  experiments 
and,  in  addition,  was  not  sufficiently  rapid.  The  use  of  the 
reagent  of  Verley  and  Bolsing — namely,  acetic  anhydride  in 
pyridine  solution — -has  been  applied  by  other  workers  to  the 
analysis  of  small  amounts  of  material  [cf.  Peterson  and  West 
(I),  and  West,  Hoagland,  and  Curtis  (3)],  but  it  seemed  pos¬ 
sible  that  some  of  the  precautionary  measures,  such  as  the 
use  of  condensers  and  ground-glass  stoppers,  adopted  by 
these  workers  to  prevent  possible  losses  of  reactants  might 


not  be  necessary  in  the  analysis  of  many  nonvolatile  com¬ 
pounds,  especially  in  view  of  the  fact  that  the  original  authors 
found  such  measures  unnecessary.  Moreover,  the  modified 
methods  were  found  to  be  still  somewhat  time-consuming. 
Because  of  the  observation  that  no  loss  of  titratable  acid 
occurs  even  on  fairly  vigorous  boiling  of  the  acetic  acid- 
pyridine  reagent  in  open  vessels  without  condensers,  it  has 
been  possible  to  simplify  and  shorten  the  analytical  procedure 
very  considerably  without  loss  of  accuracy.  Before  using 
the  method  for  the  purpose  for  which  it  was  designed  it  was 
tested  on  a  number  of  representative  compounds,  with  the 
results  recorded  in  Table  I. 

Experimental  Methods 

Reagent.  This  was  a  solution  of  acetic  anhydride  (either  12 
or  20  per  cent)  in  dry  pyridine,  which  was  prepared  by  redis- 


Table  I.  Hydroxyl  Content  of  Organic  Compounds 


Compound 

—OH 

Equiva¬ 

lents 

per 

Mole, 

Aver¬ 

—OH 

Equiva¬ 

lents 

per 

Mole, 

Theoreti¬ 

Error, 

Source  of 

Found 

age 

cal 

Per  Cent 

Compound 

1-Naphthol 

1.000 

1.000 

20  Per  Cent  Reagent 

0.998  1.000 

-0.2 

Eastman 

Hydroxyiso- 
butyric  acid 

0.995 

0.998 

0.995 

0.997 

1.000 

-0.3 

Kahlbaum 

Salicylic  acid 

0.997 

0.998 

0.999 

0.999 

1  000 

-0.1 

Merck 

Catechol 

0.998 

2.05 

1.96 

1.93 

2.00 

2.00 

0.0 

Eastman 

Phloroglucinol 

1.92 

2.12 

2.99 

3.03 

3.88 

3.98 

4.14 

3.01 

3.00 

+  0.33 

Eastman 

Arabinose 

3.97 

4.00 

-0.75 

Pfanstiehl 

Xylose 

3  94 
3.90 
4.00 
4.00 
4.18 
3.82 
4.01 

3.99 

4.00 

-0.25 

Pfanstiehl 

4.13 

3.89 

3.94 

3.94 

Compound 

—OH 

Equiva¬ 

lents 

per 

Mole, 

Aver¬ 

—OH 

Equiva¬ 

lents 

per 

Mole, 

Theoreti¬ 

Error, 

Source  of 

Found 

age 

cal 

Per  Cent 

Compound 

Glucose 

5.00 

4.99 

20  Per  Cent  Reagent 

5.02  5.00 

( Cont'd ) 

+0.40 

British  Drug  Houses 

Mannitol 

5.00 

5.10 

5.90 

5.83 

5.85 

6.00 

-2.5 

British  Drug  Houses 

Sorbitol 

5.83 

5.89 

5.86 

6.00 

-2.4 

Pfanstiehl 

Dulcitol 

5.84 

5.84 

5.84 

6.00 

-2.4 

Pfanstiehl 

Trichloro  -  tert- 
butyl  alcohol 

5.85 

0  00 

1.00 

Eastman 

Monobutyrin 

2.06 

1.97 

0.35 

0.44 

12  Per 
2.02 

Cent  Reagent 

2.00  +1.0 

Schuchardt 

Triolein 

0.40 

0.00 

Kahlbaum 

Cholesterol 

0.41 

1.018 

1.00 

+  1.8 

British  Drug  Houses 

Oestrone 

1.004 

1.00 

+0.4 

Isolated  from  preg¬ 

Pregnandiol 

1.57“ 

1.44 

2.00 

-28.0 

nant  mares’  urine 
Isolated  from  preg¬ 

1.30“ 

1.966 

1.996 

1.97 

2.00 

-1.5 

nant  human  urine 

“  Determinations  made  by  the  standard  method. 

*>  The  reaction  mixture,  after  the  preliminary  heating,  was  allowed  to  stand 
for  13  hours  at  room  temperature  before  the  final  titration. 
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tilling  pyridine  which  had  been  dried  by  refluxing  over  barium 
oxide.  The  20  per  cent  reagent  is  preferred  for  sugars,  whereas 
either  reagent  may  be  used  with  the  other  compounds  analyzed  in 
the  present  work. 

Procedure.  Exactly  2  cc.  of  reagent  are  pipetted  into  a 
clean  dry  test  tube  containing  an  accurately  weighed  portion  of 
the  substance  under  analysis,  care  being  taken  to  wash  down  with 
reagent  any  particles  adhering  to  the  side.  The  weight  of  the 
sample  varies  with  the  hydroxyl  content  of  the  compound — for 
example,  50  mg.  of  glucose  are  sufficient.  The  mixture  is  care¬ 
fully  heated  over  an  open  flame  until  the  solution  boils  and  for  1 
minute  longer.  After  cooling  it  to  room  temperature,  the  solu¬ 
tion  is  diluted  with  5  cc.  of  carbon  dioxide-free  water  and  trans¬ 
ferred  to  a  small  flask;  three  washings  of  the  tube  are  made, 
two  with  10-cc.  portions  of  water,  and  one  with  10  cc.  of  ethyl 
alcohol.  The  acid  is  titrated  with  0.1  IV  sodium  hydroxide  to  the 
cresolphthalein  end  point.  It  is  necessary,  of  course,  to  run 
blanks  for  the  reagent  alone. 

In  the  case  of  substances  containing  appreciable  proportions 
of  fatty  acids  which  may  form  difficultly  decomposable  mixed 
anhydrides  with  the  reagent  it  is  desirable,  after  the  dilution  of 
the  reaction  mixture  with  5  cc.  of  carbon  dioxide-free  water, 
to  boil  the  solution  for  1  minute  before  finally  cooling  and  titrat¬ 
ing.  Furthermore,  in  the  analysis  of  lipoidal  substances  the  final 
titration  is  carried  out  in  the  presence  of  sufficient  ethyl  alcohol  to 
provide  a  concentration  of  approximately  50  per  cent  after  the 
addition  of  the  alkali.  Since  only  one-half  of  the  titratable  acid  is 
available  for  reaction  as  acetic  anhydride,  it  is  desirable,  in  order 
to  ensure  an  excess  of  the  anhydride,  that  three-quarters  of  the 
original  titratable  acidity  remain  after  the  completion  of  the 
acetylation  reaction. 

In  the  analysis  of  the  compounds  listed  in  the  second  part  of 
Table  I  the  aqueous  solution  of  the  reactants  was  boiled, 
then  cooled,  and  alcohol  was  added  to  the  flask  before  titra¬ 
tion.  Practically  theoretical  results  were  obtained  for  all 
compounds  listed  except  the  sugar  alcohols,  the  results  for 


which  were  about  2.5  per  cent  low,  and  the  single  tertiary 
alcohol,  which  did  not  react.  The  results  for  pregnandiol, 
obtained  by  the  method  described,  were  low;  allowing  the  re¬ 
action  mixture,  after  the  preliminary  heating,  to  stand 
overnight  (13  hours)  at  room  temperature  the  results  ob¬ 
tained  were  much  closer  to  the  theoretical  value.  The  sample 
of  triolein  analyzed  was  obviously  impure,  having  a  deep  red 
color.  The  method  of  recording  the  results  tends  to  empha¬ 
size  slight  errors. 

Summary 

1.  The  acetylation  method  of  Yerley  and  Bolsing  has  been 
modified  to  make  possible  the  analysis  of  small  samples  of  or¬ 
ganic  compounds. 

2.  The  new  method  is  rapid  and  convenient  and  does  not 
require  the  use  of  condensers  or  ground-glass  stoppers.  It 
has  been  applied  successfully  to  representative  organic  com¬ 
pounds. 

3.  Tertiary  alcohols  cannot  be  estimated  by  this  method. 
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Estimation  and  Identification  of  the  Glucoside 

Salicin 

MORRIS  B.  JACOBS,  Department  of  Health,  125  Worth  St.,  New  York,  N.  Y. 

NICHOLAS  T.  FARINACCI,  336  West  Twelfth  St.,  New  York,  N.  Y. 


A  qualitative  and  quantitative  method 
for  the  determination  of  salicin,  a  gluco¬ 
side,  is  presented.  The  quantitative 
method  depends  on  the  production  of  a 
polymerized  cleavage  product,  obtained  by 
acid  hydrolysis,  which  is  estimated  gravi- 
metrically.  A  qualitative  test  which  is  out¬ 
lined  depends  on  the  solubility  of  the  poly¬ 
mer  in  a  solution  of  sodium  hydroxide  with 
the  production  of  a  violet  color,  and  is 
modified  so  as  to  be  used  as  an  approximate 
quantitative  colorimetric  method.  An¬ 
other  qualitative  method  based  on  a 
coupling  reaction  with  p-diazobenzenesul- 
fonic  acid  anhydride  is  detailed. 

THU  identification  of  salicin  and  its  estimation  have  been 
studied  over  a  number  of  years,  but  the  methods  ob¬ 
tained  by  these  studies  have  been  long  and  not  easily  adapted 
for  accurate  work.  The  importance  of  glucosides  as  a  class 
necessitates  the  development  of  short  and  accurate  means  for 


their  estimation.  The  methods  in  use  at  present  rely  on  the 
hydrolysis  of  salicin  either  by  enzymatic  action  (7)  or  by  the 
action  of  acids  (13)  and  the  subsequent  estimation  of  the  glu¬ 
cose  part  of  the  molecule.  None  of  the  methods  available 
are  dependent  upon  the  specific  chemical  nature  of  salicin, 
itself,  or  of  the  cleavage  product,  saligenin. 

It  is  well  known  that  when  salicin  (saligenin-/3-glucoside) 
is  hydrolyzed  by  enzymes  or  acids,  the  products  are  glucose 
and'  saligenin.  These  reactions  are  noted  in  Beilstein  (3), 
where  it  is  also  noted  that  saligenin  polymerizes  on  boiling 
with  dilute  sulfuric  acid  to  saliretin. 

Much  work  was  done  by  Piria  (14),  who  noted  that  both  salicin 
and  saligenin  boiled  with  dilute  hydrochloric  acid  yielded  sali¬ 
retin.  He  concluded  that  saliretin  prepared  from  salicin  did  not 
have  a  definite  composition,  but  prepared  from  saligenin  its  for¬ 
mula  was  C7H60. 

Kraut  (10)  took  powdered  salicin  and  ten  parts  of  hydrochloric 
acid  (sp.  gr.  1.125),  warmed  until  dissolved,  heated  to  80°  C., 
and  noted  the  yellowish  red  color  of  the  resultant  saliretin. 
He  concluded  that  it  was  saligenosaligenin,  HO-CoHrCHi-O- 
C6IL  CH2OH.  On  the  other  hand,  von  Gerhardt  (6)  and  Beil¬ 
stein  and  Seelheim  (2)  found  higher  polymers.  Kraut  also  noted 
that  saliretin  was  soluble  in  alkalies. 

Voswinkel  (15)  did  not  obtain  the  same  product  from  salicin 
plus  hydrochloric  acid  as  with  sulfuric  acid. 

Wischo  (17)  treated  salicin  with  nitric  acid,  producing  picric 
acid.  He  boiled  an  aqueous  solution  of  salicin  with  dilute  hydro¬ 
chloric  acid,  forming  saliretin,  dissolved  the  saliretin  in  potas- 
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sium  hydroxide,  and  added  this  solution  to  the  picric  acid  solu¬ 
tion,  producing  picramic  acid  and  a  bluish  red  color. 

Dott  (5)  gives  the  following  test  to  identify  salicin:  To  an 
aqueous  solution  of  the  substance  to  be  investigated  add  two- 
tenths  its  volume  of  hydrochloric  acid  and  warm.  The  solution 
develops  an  aromatic  odor  and  precipitates  saliretin.  Extract 
this  with  ethyl  ether  and  evaporate  to  dryness.  If  sahcin  is 
present  the  amorphous  residue  will  be  red. 

Jackson  and  Dehn  ( 8 )  present  in  tabular  form  various  reactions 
for  the  identification  not  only  of  sahcin  but  of  many  other  gluco- 
sides. 

Ware  (16)  notes  that  sahcin  gives  a  color  when  warmed  with 
resorcinol  and  phosphoric  or  sulfuric  acid. 

It  occurred  to  the  authors  that  salicin,  which  has  the  nature 
of  a  phenolic  ether,  should  under  the  proper  conditions  couple 
( i ,  11,  1 2)  with  a  diazonium  compound.  Salicin  does  couple 
with  p-diazobenzenesulfonic  acid  anhydride,  but  only  with 
an  alkaline  solution  prepared  from  the  dry  compound. 

Qualitative  Tests 

Test  1.  Dissolve  15  mg.  of  p-diazobenzenesulfonic  acid  an¬ 
hydride  (4)  in  2  cc.  of  10  per  cent  sodium  hydroxide  solution. 
Add  this  to  5  cc.  of  sahcin  solution,  mix,  and  place  in  a  warm 
water  bath  (approximately  80°  C.)  for  1  minute.  At  the  end  of 
this  time,  if  sahcin  is  present,  a  deep  red  color  will  develop. 
Upon  the  addition  of  acid  the  color  changes  to  orange.  A  very 
deep  red  color  will  be  produced  by  1  mg.  of  sahcin  per  cc.,  and 
will  also  develop  in  the  cold,  in  the  case  of  10  mg.  per  cc.  at  the 
end  of  30  minutes,  and  in  the  case  of  1  mg.  per  cc.  at  the  end  of  2 
homs.  It  is  best  to  run  a  blank  with  the  diazonium  reagent,  in 
order  to  be  sure  that  the  colors  are  not  due  to  decomposition  of 
the  reagent  itself. 

This  method  for  the  identification  of  salicin  is  very  simple 
except  for  the  preparation  and  keeping  qualities  of  the 
diazonium  reagent.  However,  at  best,  it  can  only  be  indica¬ 
tive  of  the  presence  of  this  glucoside  because  of  the  numerous 
other  substances  which  will  couple  with  this  reagent  under 
exactly  the  same  conditions.  The  color  produced  by  the 
reaction  between  sahcin  and  the  diazonium  reagent  is  appar¬ 
ently  proportional  to  the  concentration  of  the  former,  for 
the  depth  of  color  increases  with  the  concentration  of  sahcin. 

Test  2.  Proceed  as  directed  under  quantitative  colorimetric 
method,  evaporating  almost  to  dryness.  A  red  precipitate  soluble 
in  alkali  with  the  production  of  a  violet  color,  which  on  dilution 
becomes  salmon-colored,  shows  the  presence  of  sahcin.  This  color 
will  be  produced  with  as  little  as  0.2  mg.  per  cc. 

Quantitative  Gravimetric  Method 

The  regularity  of  the  changes  produced  in  sahcin  during 
evaporation  with  concentrated  hydrochloric  acid  led  to  the 
behef  that  the  production  of  the  precipitate  was  entirely 
quantitative. 

Place  25  to  50  cc.  of  the  solution  to  be  analyzed  containing  1  to 
5  mg.  of  sahcin  per  cc.  in  a  tail-form  100-cc.  beaker  and  add  25 
cc.  of  concentrated  hydrochloric  acid.  Cover  with  a  watch  glass 
on  glass  hooks  and  evaporate  very  slowly  on  a  hot  plate  carefully 
regulated  to  80°  C.  or  less,  down  to  a  volume  of  not  more  than  10 
cc.  Prepare  a  Gooch  crucible  or  a  porous  glass  crucible  with  a 
thin  pad  of  acid-washed  asbestos  in  the  usual  manner  and  dry  in  a 
constant-temperature  oven  to  constant  weight  at  100°  C.  Cool 
in  a  desiccator  and  weigh.  Filter  the  precipitate  obtained  from 
the  sahcin  through  the  Gooch  crucible.  Carefully  transfer  all  the 
precipitate  to  the  crucible  by  means  of  a  rubber  policeman  and 
wash  bottle.  Wash  thoroughly  with  distilled  water,  suck  dry, 
place  in  a  constant-temperature  oven  at  100°  C.,  and  dry  to  con¬ 
stant  weight.  Multiply  the  weight  of  the  precipitate  by  the  fac¬ 
tor  2.524  to  obtain  the  quantity  of  sahcin  present  in  the  original 
aliquot  taken  for  analysis. 

Table  I  gives  the  results  of  this  method  on  known  quanti¬ 
ties  of  recrystallized  salicin. 

Acid  hydrolysis  of  salicin  conducted  as  outlined  yields  re¬ 
sults,  based  on  an  average  recovery  of  saliretin,  which  are  at 
least  98.5  per  cent  accurate.  The  average  deviation  from  the 


mean  is  0.006.  The  method  may  be  applied  in  the  presence 
of  small  amounts  of  lactose,  sucrose,  inulin,  maltose,  arabic, 
tragacanth,  karaya,  agar,  Irish  moss,  locust  kernel,  ghatti, 
starch,  and  the  glucoside  amygdalin.  These  substances  do 
not  interfere,  for  they  do  not  produce  a  precipitate  on  evapora¬ 
tion  with  concentrated  hydrochloric  acid.  Diluted  normal 
urine  also  does  not  interfere.  On  the  other  hand,  the  glu- 
cosides  digitonin  and  saponin  do  interfere,  for  they  yield  an 
acid-insoluble  precipitate  when  treated  as  directed.  These 
precipitates  do  not  have  a  red  color  and  are  insoluble  in  10 
per  cent  sodium  hydroxide  solution.  By  means  of  the  method 
given  below,  salicin  may  be  determined  in  the  presence  of 
these  glucosides. 

Table  I.  Conversion  of  Salicin  to  Saliretin 


Acid 

Ratio  of 
Column  2  to 

Salicin 

Mg./Z5-50  cc. 

Precipitate 

Mg. 

Column  1 

39 

15.5 

0.397 

41 

16.0 

0.390 

50 

19.0 

0.380 

50 

19.8 

0.396 

50 

20.0 

0.400 

62.5 

24.2 

0.387 

62.5 

24.6 

0.394 

75 

29.2 

0.389 

75 

29.3 

0.391 

100 

39.6 

0.396 

100 

39.8 

0.398 

125 

52.9 

0.423 

125 

49.7 

0.398 

250 

101.2 

0.405 

250 

100.6 

0.402 
Mean  0.396 

Assuming  that  salicin  splits  quantitatively,  yielding  salige- 
nin  and  glucose 

C13H1807  +  H20  — >  C6H1206  +  OHC6H4CH2OH 
and  that  saligenin  goes  completely  to  saliretin 
2C7H802  — >■  C14H14O3  -|-  H20 

then  twTo  moles  of  salicin  are  equivalent  to  one  mole  of  salire¬ 
tin — that  is,  572  grams  of  sahcin  are  equivalent  to  230  grams 
of  saliretin.  The  theoretical  yield,  if  the  above  holds  true, 
would  be  230/572  or  40.21  per  cent  of  sahcin  used.  Table  I 
demonstrates  that  wre  recover,  expressing  the  ratio  of 
columns  2  to  1  in  percentage,  39.6  per  cent  of  the  sahcin 
used,  or  98.5  per  cent  of  the  theoretical  yield.  These  results 
indicate  that  only  one  polymer  of  saligenin  is  formed  when 
conditions  of  acid  hydrolysis  are  rigidly  controlled.  Kraut 
(10),  it  may  be  noted,  felt  that  the  production  of  saliretin  is 
quantitative.  The  factor  used  in  the  method  is  obtained  from 
the  reciprocal  of  the  average  recovery  of  saliretin  and  will,  of 
course,  yield  the  quantity  of  sahcin  sought. 

Quantitative  Colorimetric  Method 

Place  5  cc.  of  a  solution  of  salicin  containing  approximately  1 
to  2  mg.  per  cc.  in  a  10-  to  15-cc.  beaker  with  a  mark  at  2  cc.,  add 
5  cc.  of  concentrated  hydrochloric  acid,  and  evaporate  slowly  on  a 
hot  plate  kept  at  80°  C.  or  less  to  2  cc.  Allow  to  cool  and  filter 
t  hrough  a  small  filter.  Wash  both  beaker  and  filter  well  with  cold 
water,  and  replace  the  receiver  of  wash  water  with  a  tube  having  a 
graduation  at  10  cc.  or  with  a  10-cc.  volumetric  flask.  Wash 
beaker  and  filter  paper  with  4  successive  1-cc.  portions  of  10  per 
cent  sodium  hydroxide,  wash  filter  once  more  with  1  cc.  of  10  per 
cent  sodium  hydroxide,  and  again  wash  beaker  and  filter  paper 
with  four  successive  1-ec.  portions  of  distilled  water.  Make  re¬ 
ceiver  tube  or  volumetric  flask  up  to  volume,  mix  thoroughly,  and 
read  in  a  colorimeter  against  standard  control  treated  in  exactly 
the  same  way.  The  ratio  of  fourteen  determinations  comparing 
unknown  to  standard  had  a  minimum  of  0.925,  a  maximum  of 
1.17,  and  a  mean  of  1.02  as  the  variation  from  unity. 

It  is  obvious  that  this  method  has  not  been  completely 
developed  to  yield  high  accuracy;  however,  the  results  are  of 
the  correct  order  and  are  better  than  some  quoted  in  the 
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literature  ( 9 ).  Using  standard  of  concentration  close  to  that 
of  unknown  would  aid  in  obtaining  higher  accuracy.  This 
method  is  far  more  rapid  than  others  and  where  interfering 
substances  are  present  in  the  gravimetric  method,  it  is  better 
than  none.  It  is  at  present  being  studied  for  better  develop¬ 
ment. 

As  the  hydrolysis  of  salicin  proceeds,  the  following  changes 
take  place :  Shortly  after  the  solution  reaches  a  temperature 
of  80°  C.,  a  white  turbidity  is  noticeable.  This  turbidity 
changes  slowly  in  an  hour  or  so  to  a  pink  precipitate  which 
grows  deeper  in  color  as  the  time  of  heating  and  evaporation 
proceeds.  For  quantitative  conversion,  it  is  essential  to 
evaporate  very  slowly  and  at  a  temperature  never  higher  than 
80°  C. 

The  length  of  time  necessary  for  accurate  results  indicates 
that  the  formation  of  saliretin  proceeds  with  a  definite 
velocity.  The  rate  of  this  reaction  has  never  been  studied. 
The  concentration  of  hydrochloric  acid  is  of  great  importance 
for,  when  it  falls  below  a  certain  minimum,  the  reaction  does 
not  yield  quantitative  results  within  a  reasonable  time. 

This  work  was  performed  in  the  Chemical  Laboratory  of 
the  Bureau  of  Food  and  Drugs,  Department  of  Health, 
City  of  New  York. 
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Battery-Type  Stand  Assembly  for  Distilling  Equipment 

ROY  L.  MOBLEY,  P.  O.  Box  1021,  Baton  Rouge,  La. 


THE  efficiency  of  distillation  has  in  many  ways  been 
lowered  by  the  equipment  available.  In  the  older  types 
of  apparatus  vapors  and  liquids  were  brought  in  contact  with 
metals,  and  with  cork  and  rubber  joints,  stoppers  often  leaked, 
and  in  some  instances  the  units  making  up  the  apparatus 
were  inefficient. 

The  advent  of  all-glass  interchangeable-joint  apparatus  and 
improved  condensers  has  brought  about  much  greater 
efficiency  and  more  accurate  results.  However,  the  complete 
change  of  type  and  general  form  of  equipment  has  made 
older  accessories  obsolete,  and  it  is  extremely  time-  and  acces¬ 
sory-consuming  to  set  up  two  or  more  of  the  newer  types  at  a 
time. 

In  an  attempt  to  overcome  these  handicaps,  the  author 
made  the  necessary  calculations  and  arrangements,  diagram¬ 
matic  sketches,  etc.,  and  developed  a  working  model  of  a 
battery-type  stand  assembly  which  has  proved  very  satis¬ 


factory  during  the  past  3  years.  The  photographs  show  front 
and  diagonal  end  views  of  the  assembly  as  built  for  500-cc. 
distilling  flasks  and  indicate  arrangement  of  the  parts. 

The  apparatus  was  built  and  used  in  the  laboratory  of 
William  L.  Owen,  Baton  Rouge,  La. 

Received  May  14,  1936. 


Correction.  In  the  article  on  “Determination  of  Nitric  Oxide 
in  Coke-Oven  Gas”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  8,  164  (1936)] 
an  error  was  made  in  Figure  2.  The  glass  balls  should  be  of  5- 
or  6-mm.  diameter,  as  the  8-mm.  balls  specified  would  be  entirely 
too  large  for  this  apparatus. 


J.  A.  Shaw 


Nomograph  for  Iodine  Value  of  Tung  Oil 

C.  S.  WAN  AND  K.  HO,  Chemical  Research  Laboratory,  Government  Testing  Bureau,  Hankow,  China 


THE  iodine  value  of  tung  oil  as  determined  by  the  Wijs 
method  is  greatly  affected  by  time  of  contact,  excess  of 
Wijs  reagent,  and  working  temperature.  These  factors  have 
been  extensively  studied  by  Ho,  Wan,  and  Wen  {1 ),  who  have 
developed  the  formula 

log  Y,  =  0.001672  ( t  +  10.56)  (log  X  -  2.15)  + 

20/io)  x  0.0008625  +  B  (1) 

where 

Yt  =  iodine  value  at  working  temperature,  t 
t  =  working  temperature  in  °  C. 

X  =  excess  of  Wijs  reagent  in  eg.  of  iodine  per  gram  of  oil 
B  =  characteristic  value  of  individual  oil  sample 
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Table  I.  Comparison  of  Iodine  Values  Corrected  by 
Nomograph  and  Formula 

Experimental  Data 
Excess 
of 

iodine, 
cg./g. 

20.0° 

160.2 


168.2 

191.2 
218.8 
266.8 
270.0 

333.4 
350.0 

26 

169.0 

183.7 

208.3 

210.8 

266.5 

281.6 

350.4 
29, 

158.3 

166.6 

169.2 

202.3 
221.0 

273.4 

289.8 

318.8 
32. 

154.1 

154.2 
181.0 

181.2 
211.2 

223.5 

279.6 
297.5 

35. 

154.7 

179.4 

211.5 
236.0 
263.0 

298.7 
38. 

161.4 

177.7 

195.4 

216.6 
267.0 

276.8 


Iodine 

Iodine 

Value 

Value 

Nomograph  Corrected 

Calculated 

Correc¬ 

by 

by 

Differ¬ 

tion 

Nomograph 

Formula 

ence 

+3.8 

167.4 

167.4 

0.0 

+  3.4 

167.6 

167.6 

0.0 

+  2.3 

167.8 

167.8 

0.0 

+  1.1 

167.6 

167.6 

0.0 

-0.6 

168.7 

168.7 

0.0 

-0.7 

168.3 

168.3 

0.0 

-2.5 

167.4 

167.4 

0.0 

-2.9 

168.4 

168.4 

0.0 

+2.3 

167.5 

167.5 

0.0 

+  1.4 

168.4 

168.4 

0.0 

+0.1 

167.3 

167.3 

0.0 

0.0 

167.8 

167.8 

0.0 

-2.4 

168.1 

168.1 

0.0 

-3.0 

168.1 

168.1 

0.0 

-5.3 

167.1 

167.1 

0.0 

+  2.4 

167.8 

167.8 

0.0 

+  1.8 

167.9 

167.9 

0.0 

+  1.7 

167.9 

167.9 

0.0 

-0.3 

167.7 

167.7 

0.0 

-1.3 

167.7 

167.7 

0.0 

-3.7 

168.1 

168.0 

+0.1 

-4.4 

167.9 

167.9 

0.0 

-5.4 

167.9 

167.8 

+0.1 

+2.1 

167.2 

167.2 

0.0 

+  2.1 

167.6 

167.6 

0.0 

+0.2 

167.2 

167.2 

0.0 

+0.2 

167.8 

167.8 

0.0 

-1.7 

167.0 

167.1 

-0.1 

-2.4 

167.7 

167.7 

0.0 

-5.1 

166.9 

166.9 

0.0 

-5.8 

167.3 

167.3 

0.0 

+  1.1 

168.4 

168.4 

0.0 

-0.8 

168.2 

168.2 

0.0 

-3.0 

167.3 

167.3 

0.0 

-4.4 

168.7 

168.7 

0.0 

-5.9 

167.7 

167.7 

0.0 

-7.6 

168.4 

168.4 

0.0 

-0.5 

167.7 

167.7 

0.0 

-1.8 

167.8 

167.8 

0.0 

-3.2 

167.6 

167.7 

-0.1 

-4.6 

167.3 

167.3 

0.0 

-7.6 

168.1 

168.1 

0.0 

-8.1 

167.7 

167.7 

0.0 

Iodine 
value 
C. 
163.6 

164.2 

165.5 
166  5 

169.3 
169.0 
169.9 

171.3 
3°  C. 

165.2 
167.0 

167.2 

167.8 

170.5 

171.1 

172.4 
2°  C. 

165.4 

166.1 
166.2 
168.0 
169.0 

171.8 

172.3 

173.3 
0°  C. 

165.1 

165.5 
167.0 

167.6 

168.7 

170.1 
172.0 

173.1 
6°  C. 

167.3 
169.0 

170.3 

173.1 

173.6 
176.0 

6°  C. 

168.2 

169.6 

170.8 

171.9 

175.7 

175.8 


In  order  that  the  iodine  values  of  tung  oil 
determined  in  different  laboratories  can  be 
readily  compared,  they  have  proposed  to  use 
250  eg.  excess  of  iodine  and  a  time  of  contact 
of  1  hour  at  20°  C.  as  common  standard  con¬ 
ditions.  Under  the  proposed  standard  condi¬ 
tions,  Equation  1  is  simplified  as  follows: 


log  Y  =  0.0161  +  B 


(2) 


where 

F 


B  = 


iodine  value  at  proposed  standard  con¬ 
ditions 

characteristic  value  of  individual  oil 
sample 


Figure  1 


Before  making  use  of  Equation  2,  one  has 
to  calculate  the  value  of  B  by  means  of  Equa¬ 
tion  1.  The  calculation,  though  not  very  diffi¬ 
cult,  is  rather  complicated  and  requires  much 
time. 

The  authors,  after  carefully  studying  the  rela¬ 
tions,  have  worked  out  a  nomograph,  from 
which  one  can  read  off  the  correction  and  con¬ 
sequently  obtain  the  iodine  value  at  the  pro¬ 
posed  standard  conditions  without  going  through 
comprehensive  calculation. 
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If  a  straight  line  is  drawn  from  a  particular  excess  of  iodine 
and  working  temperature  of  the  experiment,  it  will  intersect 
the  correction  scale.  When  the  correction  indicated  on  this 
scale  is  applied  to  the  iodine  value  obtained  experimentally 
under  laboratory  conditions,  one  gets  directly  the  iodine  value 
at  250  eg.  excess  of  iodine  and  20°  C.  It  is  understood  that 
the  time  of  contact  is  to  be  exactly  1  hour. 


Working  temperature,  32°  C. 

Time  of  contact  in  the  dark,  1  hour 

When  223.5  on  the  excess  scale  and  32  on  the  temperature  scale 
in  the  nomograph  are  joined  by  a  straight  line,  the  line  will  inter¬ 
sect  the  correction  scale  at  —2.36.  The  iodine  value  at  the 
proposed  standard  conditions  is  then  equal  to  170.1  —  2.36,  or 
167.7,  which  checks  very  well  with  the  value  calculated  by  the 
formula. 


Example 


Oil  taken,  0.1505  gram 

Sodium  thiosulfate  in  blank  titration,  46 . 86  cc. 
Sodium  thiosulfate  used  for  the  test,  26.61  cc. 


Difference,  20 . 25  cc. 

Strength  of  sodium  thiosulfate  solution,  1.264  eg.  of  iodine  per  cc. 


Experimental  iodine  value 
Excess  of  iodine,  170.1  X 


20.25 
'  0.1505 
26.61  _ 
20.25 


X  1.264  =  170.1 


223.5  eg.  of  iodine  per  gram  of  oil 


The  authors  have  carefully  checked  the  data  contained  in 
their  previous  article  ( 1 ).  The  iodine  value  calculated  with 
their  formula  and  those  read  off  from  this  nomograph  are 
tabulated  together  in  Table  I  for  comparison. 
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Quantitative  Determination  of  5-Methyl  Furfural 

HAROLD  A.  IDDLES  AND  KENDRICK  S.  FRENCH,  University  of  New  Hampshire,  Durham,  N.  H. 


IN  THE  production  of  furfural  by  the  distillation  of  various 
pentose-  and  pentosan-containing  natural  products  with 
mineral  acids,  it  would  be  expected  that  any  methyl  pentoses 
and  methyl  pentosans  would  yield  5-methyl  furfural  in  an 
analogous  manner  and  the  polysaccharides  which  hydrolyze 
to  hexoses  would  give  rise  to  small  amounts  of  /x-hydroxy 
5-methyl  furfural. 

The  effect  of  these  compounds,  particularly  5-methyl  furfural, 
on  the  quantitative  determination  of  furfural  was  first  studied 
by  Votocek  (18),  who  prepared  a  pure  sample  of  5-methyl  furfural 
from  rhamnose,  with  which  precipitations  with  phloroglucinol 
were  carried  on  to  determine  the  ratio  of  product  to  aldehyde 
employed.  Later  Ellet  and  Tollens  ( 5 )  studied  the  relation 
between  the  quantity  of  phloroglucinol  precipitate  and  the 
amount  of  rhamnose  employed  as  a  test  sample  in  hydrochloric 
acid  distillation.  Fromherz  (6)  determined  the  furfural  and 
methyl  furfural  in  samples  of  wood  by  the  production  of  the 
phloroglucides  with  a  subsequent  attempted  separation  of  the 
mixed  precipitate  by  using  the  alcohol  solubility  of  the  phloro¬ 
glucides  of  5-methyl  furfural.  Dox  and  Plaisance  (3)  questioned 
the  reliability  of  this  alcohol  separation  of  the  phloroglucides 
and  recorded  in  their  work  the  qualitative  reaction  of  thiobarbi- 
turic  acid  with  5-methyl  furfural  but  gave  no  quantitative  data 
because  of  the  limited  amount  of  material  on  hand. 

Since  it  is  now  possible  to  prepare  pure  5-methyl  furfural 
in  quantity  according  to  the  directions  of  Rrnkes  (14),  it 
seemed  desirable  to  make  a  comparative  study  of  the  various 
gravimetric  and  volumetric  methods  for  the  determination  of 
furfural  when  applied  to  pure  5-methyl  furfural  itself.  In 
this  direct  study  it  is  possible  to  eliminate  the  variables 
introduced  when  the  calculations  refer  back  to  an  original 
methyl  pentose  or  methyl  pentosan  sample  which  has  under¬ 
gone  an  acid  distillation.  The  methods  selected  for  study 
were  the  phloroglucinol  or  A.  O.  A.  C.  method  (1),  the 
thiobarbituric  acid  method  ( 3 ,  10,  17,  19),  the  2,  4-dinitro- 
phenylhydrazine  method  (8,  16),  the  volumetric  bromide- 
bromate  titration  method  (2,  4,  10-18,  15),  and  the  volumet¬ 
ric  bromide-bromate  titration  at  0°  C.  (7). 

Preparation  of  5-Methyl  Furfural 

The  5-methyl  furfural  was  prepared  according  to  the 
method  of  Rinkes  (14)  in  which  levulose,  produced  by  acid 
hydrolysis  of  sucrose,  is  dehydrated  to  produce  /x-chloro- 
5-methyl  furfural  and  the  chlorine  is  replaced  by  hydrogen 


by  means  of  stannous  chloride  reduction.  The  resulting 
product  was  vacuum-distilled  at  75°  to  76°  C.  and  13  mm. 
pressure,  yielding  clear  samples  for  analysis  which  showed  a 
hd  (Pulfrich)  of  1.53049  at  20°  C.,  and  1.52643  at  25°  C. 

Gravimetric  Methods 

Phloroglucinol  Method  and  Method  of  Calculation. 
In  the  procedure  as  finally  developed,  a  weighed  sample  of  the 
pure  redistilled  5-methyl  furfural  was  diluted  to  1  liter  with  dis¬ 
tilled  water  and  5-,  10-,  or  15-ml.  aliquot  portions  were  drawn 
from  a  buret  into  200  ml.  of  12  per  cent  hydrochloric  acid  solution. 
To  this  was  added  0.33  gram  of  phloroglucinol  in  50  ml.  of  12 
per  cent  hydrochloric  acid  solution,  a  quantity  which  is  in  excess 
of  the  amount  necessary  for  the  5-methyl  furfural  present. 
After  waiting  8  to  10  minutes  for  precipitation  to  begin,  the  solu¬ 
tion  was  diluted  to  400  ml.  using  12  per  cent  hydrochloric  acid 
and  allowed  to  stand  16  to  20  hours  in  the  dark.  Finally  the 
precipitate  was  collected  on  a  tared  Gooch  crucible,  washed  with 
150  ml.  of  cold  water,  and  then  dried  in  a  vacuum  desiccator 
over  a  dehydrating  agent  to  prevent  the  darkening  and  decom¬ 
position  caused  by  drying  in  the  oven  at  100°  C.,  which  is  the 
practice  with  furfural. 

In  the  work  of  Fromherz  (6)  the  ratio  of  the  weight  of  pre¬ 
cipitate  to  the  weight  of  sample  increased  with  the  size  of 
sample  used.  To  substantiate  these  results,  a  series  of 
determinations  was  made,  using  samples  varying  from  0.018 
to  0.132  gram  to  determine  the  effect  of  sample  size  on  the 
ratio  of  precipitate  to  sample. 

Table  I.  Effect  of  Sample  Size  on  Ratio  of  Precipitate 


Weight  of 

to  Sample 

Weight  of 

Weight  of  Precipitate 

Sample 

Precipitate 

Weight  of  Sample 

Gram 

Gram 

0.0180 

0.0182 

1.012 

0.0226 

0.0270 

1.194 

0.0265 

0 . 0345 

1.302 

0.0451 

0.0745 

1.652 

0.0529 

0.0897 

1.696 

0.0541 

0.0917 

1.696 

0.0677 

0.1201 

1.774 

0.0794 

0.1468 

1.849 

0.0902 

0.1686 

1.869 

0.1058 

0.2019 

1.905 

It  can  be  seen  from  Table  I  that  the  ratio  tends  to  increase 
regularly  with  the  size  of  sample  from  1.012  to  1.905.  This 
increase  may  be  explained  by  considering  the  solubility  of 
precipitate  to  remain  constant  in  the  constant  volume  of 
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Table  II.  Gravimetric  Data 


Methyl 

Pre¬ 

Methyl 

Methyl  Furfural 

Furfural 

cipitant 

Pre¬ 

Furfural 

Recovered 

Used 

Used 

cipitate 

Found 

i° 

2» 

Gram 

Gram 

Gram 

Gram 

% 

% 

Phloroglucinol  Method 

0.0180 

0.33 

0.0182 

0. 0182c 

82.2 

101.2 

0.0180 

0.33 

0.0184 

0.0183 

83.0 

101.7 

0.0180 

0.33 

0.0179 

0.0181 

81.3 

100.4 

0.0226 

0.33 

0.0267 

0 . 0223 

85.2 

98.6 

0.0226 

0.33 

0.0272 

0.0225 

86.4 

99.6 

0.0226 

0.33 

0.0270 

0 . 0224 

86.0 

99.2 

0.0451 

0.33 

0 . 0750 

0.0454 

99.2 

100.6 

0.0451 

0.33 

0.0741 

0 . 0449 

98.2 

99.6 

0.0451 

0.33 

0.0746 

0 . 0452 

98.6 

100.2 

0.0529 

0.33 

0.0897 

0.0524 

99.1 

99.0 

0 . 0529 

0.33 

0.0902 

0.0526 

99.6 

99.5 

0 . 0529 

0.33 

0 . 0893 

0.0522 

98.8 

98.7 

0.0677 

0.33 

0.1194 

0.0666 

100.5 

98.4 

0.0677 

0.33 

0.1203 

0.0670 

101.2 

99.0 

0.0677 

0.33 

0.1210 

0.0674 

101.6 

99.5 

0 . 0794 

0.33 

0.1475 

0 . 0800 

104.5 

100.8 

0.0794 

0.33 

0.1462 

0.0794 

103.9 

100.0 

0.0794 

0.33 

0.1424 

0.0776 

101.0 

97.7 

0.0902 

0.33 

0.1684 

0.0900 

104.0 

99.8 

0.0902 

0.33 

0.1688 

0 . 0902 

104.1 

100.0 

0 . 0902 

0.33 

0.1686 

0.0901 

104.1 

99.9 

0.1058 

0.33 

0 . 2024 

0.1063 

105.9 

100.4 

0.1058 

0.33 

0.2017 

0.1059 

105.2 

100.1 

0.1058 

0.33 

0.2016 

0.1059 

105.2 

100.1 

0.1322 

0.33 

0.2542 

0.1310 

105.4 

99.0 

0.1322 

0.33 

0.2564 

0.1321 

105.9 

99.8 

0.1322 

0.33 

0.2547 

0.1314 

105.5 

99.3 

Av. 

98.0 

99.7 

Thiobarbituric  Acid  Method 

0.0206 

0.15 

0.0434 

0 . 0202 

98.1 

0.0206 

0.15 

0.0431 

0.0201 

97.6 

0.0206 

0.15 

0.0444 

0 . 0207 

100.5 

0.0237 

0.15 

0.0508 

0 . 0237 

100.0 

0 . 0237 

0.15 

0.0507 

0.0236 

99.6 

0.0237 

0.15 

0 . 0503 

0.0234 

98.7 

0.0411 

0.15 

0.0875 

0.0408 

99.3 

0.0411 

0.15 

0.0866 

0 . 0404 

98.3 

0.0411 

0.15 

0 . 0886 

0.0413 

100.5 

0.0474 

0.15 

0.1015 

0 . 0473 

99.8 

0.0474 

0.15 

0.1011 

0.0471 

99.4 

0.0616 

0.15 

0.1321 

0.0616 

100.0 

0.0616 

0.15 

0.1327 

0.0619 

100.5 

0.0616 

0.15 

0.1331 

0.0621 

100.8 

0.0711 

0.15 

0.1511 

0 . 0704 

99.0 

0.0711 

0.15 

0.1502 

0.0700 

98.5 

0.0711 

0.15 

0.1534 

0.0715 

100.8 

Av.  99.5 

2,4-Dinitrophenylhydrazine  Method 

Ml. 

0.0110 

50 

0 . 0294 

0.0112 

101.7 

0.0110 

50 

0.0294 

0.0112 

101.7 

0.0110 

50 

0.0293 

0.0111 

100.9 

0.0162 

50 

0 . 0430 

0.0163 

100.6 

0.0162 

50 

0.0430 

0.0163 

100.6 

0.0162 

50 

0 . 0432 

0.0164 

101.2 

0.0221 

50 

0.0582 

0.0221 

100.0 

0.0221 

50 

0 . 0589 

0.0223 

100.9 

0.0324 

50 

0.0861 

0.0327 

100.9 

0.0324 

50 

0.0860 

0.0326 

100.6 

0 . 0486 

50 

0.1282 

0.0486 

100.0 

0.0486 

50 

0.1282 

0.0486 

100.0 

Av.  100.8 

°  Calculated  by  formula  W  =  1/1.9  (Ph.  +  n  X  0.000018). 
b  Calculated  by  formula  from  curve  W  =  0.4780  ( Ph  +  0.0199). 
c  Methyl  furfural  found  by  phloroglucinol  method  calculated  as  in  f>. 


solution,  so  that  the  effect  would  be  proportionately  greater 
in  the  cases  of  small  samples.  To  allow  for  this  solubility 
factor  a  formula  was  devised  which  could  be  used  to  calculate 
the  weight  of  5-methyl  furfural  from  the  weight  of  phloro- 
glucide  precipitate.  The  weight  of  precipitate  was  plotted 
against  the  weight  of  sample  used  (Figure  1),  giving  a  curve 
which  is  a  straight  line.  The  curve  does  not  pass  through  the 
origin  but  would  cross  the  abscissa  on  which  the  phloroglucide 
was  plotted  at  a  point  corresponding  to  —0.0199  gram.  If 
the  weight  of  precipitate  is  increased  by  0.0199  gram  for 
each  sample,  the  resulting  curve  would  be  parallel  to  the  first, 
and  would  pass  through  the  origin.  By  taking  the  slope  of 
the  curve  in  Figure  1  the  following  formula  was  obtained: 

W  =  0.4780  (Ph  +  0.0199) 

where  W  is  the  weight  of  sample  used,  Ph  is  the  weight  of 
phloroglucide  precipitate,  and  0.0199  is  the  correction  factor 


to  account  for  the  solubility  of  precipitate,  together  with  any 
other  factors  which  may  tend  to  lower  the  yield  of  precipitate 
when  working  under  the  specified  conditions  in  a  constant 
volume  of  400  ml. 

Using  this  formula  to  calculate  the  results  in  Table  II, 
satisfactory  agreement  is  obtained  between  the  values  of 
sample  taken  and  found,  the  average  error  being  0.2  mg.  and 
the  maximum,  2  mg.  in  thirty  analyses.  The  earlier  formula  of 
Fromherz  (6),  W  =  Vi.9  (Ph  +  n  X  0.000018),  where  n  = 
volume  of  solution  in  ml.,  gives  satisfactory  calculated  values 
only  in  the  region  of  0.06-gram  samples.  For  smaller  samples 
the  calculated  values  are  low  and  for  larger  ones  the  results 
are  high,  the  amounts  computed  by  the  Fromherz  formula 
rising  steadily  from  about  82  to  106  per  cent  of  the  5-methyl 
furfural  actually  used  in  the  authors’  experiments. 

Thiobarbituric  Acid  Method.  To  a  sample  of  pure  methyl 
furfural,  diluted  to  200  ml.  with  12  per  cent  hydrochloric  acid, 
was  added  the  precipitant  consisting  of  0.15  gram  of  thiobarbituric 
acid,  slightly  in  excess  of  the  equivalent  amount,  also  dissolved 
in  12  per  cent  hydrochloric  acid.  After  precipitation  had  com¬ 
menced,  the  final  volume  was  made  up  to  400  ml.  with  12  per 
cent  hydrochloric  acid  and  allowed  to  stand  for  2  days  to  ensure 
complete  precipitation. 

The  methyl  furfural  thiobarbiturate  precipitated  very 
slowly  but  was  more  dense  and  filtered  more  easily  than  the 
corresponding  furfural  precipitate.  The  weight  of  methyl 
furfural  was  calculated  on  the  basis  of  a  reaction  ratio  of  one 
molecule  of  5-methyl  furfural  to  one  of  thiobarbituric  acid, 
using  the  conversion  factor  0.4660.  The  results  which  are 
given  in  Table  II  show  a  very  close  agreement  between  the 
actual  weight  of  sample  taken  and  the  amount  calculated 
from  the  precipitate  by  use  of  the  above  theoretical  conversion 
factor.  The  average  error  is  about  0.2  mg.  and  the  maximum 
about  1  mg. 

2,4-Din‘itropiienylhydrazine  Method.  A  measured  sample 
of  the  aqueous  solution  containing  a  weighed  quantity  of  5- 
methyl  furfural  was  added  dropwise  to  50  ml.  of  a  saturated  2  N 
hydrochloric  acid  solution  of  2,4-dinitrophenylhydrazine.  The 
hydrazone  which  formed  as  a  granular  red  precipitate  was  allowed 
to  stand  for  1  hour  at  0°  C.  in  an  ice  bath,  and  was  then  filtered, 
washed  with  2  N  hydrochloric  acid  and  water,  and  finally  dried 
over  phosphorus  pentoxide  in  a  partial  vacuum.  From  the 
weight  of  the  dried  hydrazone,  the  weight  of  5-methyl  furfural 
may  be  calculated,  using  the  factor  0.3793.  The  results  recorded 
in  Table  II  show  that  the  error  of  the  method  is  generally  less 
than  0.2  mg. 

Volumetric  Methods 

\  olumetric  Potassium  Bromate-Bromide  Method.  Follow¬ 
ing  the  method  suggested  by  Powell  and  Whittaker  (13)  for 
furfural,  25-ml.  portions  of  approximately  0.1  A  potassium 
bromate-bromide  (0.132  N  actually  used),  were  pipetted  into 
four  glass-stoppered  flasks.  To  two  of  these  the  samples  of 
5-methyl  furfural  made  up  to  200  ml.  with  12  per  cent  hydro¬ 
chloric  acid  were  added,  and  to  the  other  two,  200  ml.  of  12  per 
cent  hydrochloric  acid  were  added  for  blank  runs.  After  standing 
for  1  hour  in  the  dark,  10  ml.  of  10  per  cent  potassium  iodide 
were  added  and  the  liberated  iodine  was  titrated  with  0.10038  N 
sodium  thiosulfate.  The  number  of  milliliters  of  standard  sodium 
thiosulfate  required  by  the  sample  subtracted  from  the  number 
required  for  the  blank  was  a  measure  of  the  bromine  consumed 
by  the  5-methyl  furfural. 

W  hereas  the  addition  of  bromine  to  furfural  takes  place 
to  the  extent  of  4.05  atoms  per  molecule  of  furfural,  which  is 
an  empirical  value  under  carefully  controlled  conditions,  the 
results  in  Table  III  indicate  that  5-methyl  furfural  was  more 
active  in  the  addition  of  bromine  than  furfural,  so  that 
approximately  5  atoms  of  bromine  were  added  for  each 
molecule  of  5-methyl  furfural.  Using  varying  sized  samples 
with  the  same  quantity  of  reagent,  the  addition  of  bromine 
proceeded  further  in  the  cases  of  smaller  samples  during  the 
reaction  period  of  1  hour.  Since  this  effect  may  be  caused 
by  the  proportionally  larger  concentration  of  bromine,  as 
stated  by  Hughes  and  Acree  (7),  three  samples  were  run 
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containing  0.0275,  0.0551,  and  0.0826  gram  to  which  24, 
34,  and  43  ml.  of  potassium  bromate-bromide  mixture  were 
added,  respectively,  so  that  the  excess  of  bromine  would  be 
nearly  the  same  in  each  case.  The  results  obtained  corre¬ 
spond  to  5.02,  4.99,  and  4.97  atoms  of  bromine  and  were  more 
nearly  constant  at  5  atoms  for  the  varying  sized  samples  of 
5-methyl  furfural.  The  increase  in  bromine  consumption 
with  5-methyl  furfural  to  approximately  5  atoms,  whereas 
furfural  used  4.05  atoms,  may  be  due  to  an  increase  in  chemical 
reactivity  toward  bromine,  as  well  as  possible  temperature 
effects  in  these  experiments,  for  Magistad  (12)  and  Hughes 
and  Acree  (7)  have  observed  large  temperature  coefficients 
for  these  brominations  in  the  case  of  furfural. 


Table  III.  Addition  of  Bromine  to  Furfural 


Weight  of 

Ml.  of  0.10038  N  NasSsOs 

Atoms  of  Br  per 
Mole  of  Methyl 

Sample 

for  Blank  Less  Ml.  for  Sample 

Furfural 

Gram 

0.0303 

13.75 

5.017 

0.0303 

13.95 

5.090 

0 . 0303 

13.80 

5.036 

0.0448 

20.53 

5.017 

0 . 0448 

20.48 

5.054 

0.0448 

20.53 

5.017 

0 . 0448 

20.48 

5.054 

0.0605 

26.70 

4.872 

0 . 0605 

26  70 

4.872 

0.0605 

26.75 

4.881 

0 . 0605 

26.80 

4.890 

0 . 0672 

29.23 

4.808 

0 . 0672 

29.12 

4.788 

0 . 0672 

29.30 

4.820 

0 . 0672 

29.41 

4.838 

Volumetric  Potassium  Bromate-Bromide  Titration 
at0°  C.  The  method  of  Hughes  and  Acree  (7)  differs  from 
the  foregoing  in  that  3  per  cent  hydrochloric  acid  is  used  and 
the  temperature  is  maintained  at  0°  C.  which  reduces  the 
addition  of  bromine  to  furfural  to  exactly  2  atoms  per  molecule 
of  furfural.  In  the  case  of  furfural  the  present  authors  ob¬ 
tained  very  satisfactory  results  but,  in  using  exactly  the  same 
procedure,  the  greater  reactivity  of  5-methyl  furfural  made  it 
impossible  to  hold  the  addition  to  exactly  two  atomic  propor¬ 
tions  of  bromine  but  instead  much  higher  and  erratic  addition 
values  were  obtained. 

Comparison  of  Methods 

In  this  study  quantitative  precipitation  of  5-methyl  fur¬ 
fural  was  obtained  by  using  each  of  the  three  reagents 
phloroglucinol,  thiobarbituric  acid,  and  2,4-dinitrophenyl- 
hydrazine,  under  conditions  which  are  adjusted  carefully 
while  the  volumetric  potassium  bromate-bromide  methods 
did  not  yield  satisfactory  results,  employing  conditions  out¬ 
lined  in  this  work.  In  the  case  of  the  phloroglucinol  method, 
it  was  necessary  to  carry  on  the  precipitation  in  a  definite 
volume;  to  prevent  decomposition  of  the  precipitate  during 
the  drying  process;  and  to  weigh  the  precipitate  rapidly, 
since  it  was  hygroscopic.  When  a  solubility  correction  fac¬ 
tor  was  applied,  recovery  values  showed  a  maximum  error  of 
less  than  2  mg.  with  an  average  error  of  0.2  mg.  for  the  com¬ 
plete  series  of  determinations.  The  thiobarbituric  acid 
method  gave  a  more  stable  precipitate  which  offered  no 
trouble  in  drying  and  weighing.  The  results  showed  a 
maximum  error  of  1  mg.  with  an  average  error  for  the  seven¬ 
teen  recorded  samples  of  0.2  mg.  The  use  of  2,4-dinitro- 
phenylhydrazine  as  a  precipitant  gave  the  most  rapid  precipi¬ 
tation  and  the  most  consistent  results,  showing  a  maximum 
error  of  0.3  mg.  and  an  average  error  of  0.13  mg. 

In  applying  the  volumetric  methods,  the  reaction  with 
bromine  has  been  shown  to  take  place  much  more  readily 
with  5-methyl  furfural  than  with  furfural  and  seemed  to  vary 
with  the  concentration  of  bromine  and  the  quantity  of  sample 
to  be  determined.  Consequently  this  method  is  not  suitable 


(fra/ns) 

Figure  1.  Precipitation  Curve 


for  the  determination  of  varying  sized  samples  of  unknown, 
since  the  amount  of  potassium  bromate-bromide  solution  to 
be  used  would  depend  on  the  size  of  sample  to  be  titrated. 
In  the  work  on  the  determination  of  furfural  in  woods  by  one 
of  the  authors  (9),  higher  results  for  furfural  in  the  distillate 
were  reported  for  the  volumetric  method  than  in  the  phloro¬ 
glucinol  gravimetric  method.  Since  some  5-methyl  furfural 
is  undoubtedly  produced  from  hard  woods,  it  seems  that  the 
slightly  higher  results  may  be  due  to  the  increased  reaction 
of  bromine  with  the  5-methyl  furfural  present. 

Conclusions 

1.  Phloroglucinol  has  been  used  to  determine  5-methyl 
furfural  by  introducing  an  empirical  correction  factor  for 
solubility  of  the  phloroglucide  precipitate.  In  calculating 
the  5-methyl  furfural  from  the  phloroglucide  the  formula 
W  =  0.4780  (Ph  +  0.0199)  was  found  to  be  more  satisfactory 
than  the  formula  used  by  Fromherz,  W  =  Vi.s  (Ph  +  n  X 
0.000018). 

2.  5-Methyl  furfural  precipitates  quantitatively  with 
either  thiobarbituric  acid  or  more  satisfactorily  with  2,4- 
dinitrophenylhydrazine. 

3.  The  use  of  the  potassium  bromate-bromide  titration 
procedure  at  room  temperature  or  at  0°  C.  does  not  yield 
quantitative  results  under  the  conditions  used  in  analogous 
furfural  determinations. 
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Micromethod  for  Determining  Boiling  Points 
of  Liquids  at  Different  Pressures 

EDWIN  E.  HAYS,  F.  W.  HARI,  AND  R.  G.  GUSTAYSON,  University  of  Denver,  Denver,  Colo. 


LABORATORIES  located  at  altitudes  other  than  sea 
level  have  difficulty  with  courses  in  qualitative  organic 
analysis  because  in  standard  reference  works  boiling  points  of 
most  organic  compounds  are  given  only  for  sea-level  condi¬ 
tions.  This  has  been  the  experience  in  Denver,  where  the 
barometric  pressure  varies  between  623  and  631  mm. 

The  authors  have  been  successful  in  designing  an  apparatus 
for  obtaining  boiling  points  for  pressures  between  900  and 
10  mm.  with  sufficient  accuracy  for  the  purposes  of  qualitative 
organic  analysis.  Figure  1  shows  the  design  of  the  apparatus 
used. 

A  small  test  tube  9  by  70  mm.,  containing  a  few  drops  of  the 
liquid  to  be  tested,  is  enclosed  in  a  closed  system  in  which  the 


pressure  may  be  varied  and  observed.  A  small  capillary  tube 
sealed  about  7  mm.  from  the  open  end  is  placed  in  the  liquid. 
The  authors  have  found  it  convenient  to  blow  a  slight  bulge 
near  the  bottom  of  the  tube  for  the  capillary  tube  to  rest  in.  The 
bulb  of  the  thermometer  is  immersed  in  the  liquid  in  the  test 
tube,  which  is  surrounded  by  a  system  of  brass  baffle  plates 
as  shown.  This  baffle  system  has  been  found  to  be  very  im¬ 
portant  if  accurate  results  are  to  be  obtained.  The  bottom  baffle 
plate  holds  the  test  tube  in  place. 

The  pressure  is  increased  by  use  of  a  small  baumanometer 
bulb  and  low  pressures  may  be  obtained  in  any  convenient  fash¬ 
ion.  Pressures  are  read  on  the  mercury  barometer  on  a  meter 
stick,  which  is  adjustable  by  means  of  a  screw.  The  bath  is 
heated  until  there  is  a  rapid  evolution  of  bubbles  at  the  pressure 
desired,  and  then  allowed  to  cool.  The  temperature  at  which 
the  liquid  starts  to  rise  in  the  capillary  tube  is  taken  as  the 
boiling  point.  As  soon  as  this  temperature  is  reached  the  pres¬ 
sure  and  temperature  are  recorded.  The  pressure  is  then  reduced 
about  10  cm.  immediately,  causing  a  further  rapid  evolution  of 
bubbles.  The  liquid  is  again  allowed  to  cool  until  the  liquid 
rises  in  the  capillary  tube  and  the  temperature  and  pressure  are 
again  noted.  In  this  way  a  vapor  pressure  curve  may  be  ob¬ 
tained  in  a  very  short  time. 

Figure  2  shows  the  vapor  pressure  curve  for  water  as 
determined  and  as  given  in  the  literature.  Table  I  records 
boiling  points  for  sea  level  as  determined  at  Denver  for  ten 
common  organic  liquids,  together  with  boiling  points  recorded 
by  Kamm  (/).  The  boiling  point  of  ethyl  oxalate  at  10  mm. 
is  also  included.  All  the  temperatures  are  uncorrected. 


Table  I.  Boiling  Point  Determinations 


Compound 

Experimental 
°  C. 

Literature 
°  C. 

Pressure 

Mm. 

Ethyl  iodide 

72.5 

72 

760 

n-Amyl  alcohol 

137 

137 

760 

Methyl  acetate 

57 

57 

760 

n-Butyl  carbonate 

206.5 

205 

760 

Ethyl  acetate 

77 

77 

760 

re-Amyl  chloride 

108.2 

108 

760 

o-Chlorophenol 

174.5 

175 

760 

Ethyl  carbonate 

126.5 

126.0 

760 

Carbon  disulfide 

47 

46 

760 

Chloroform 

61.6 

61 

760 

Diethyl  oxalate 

75 

72-74 

10 
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Figure  2.  Vapor  -Pressure  Curve 


The  bath  liquids  in  Table  II  have  been  found  suitable  for 
the  indicated  temperatures  and  pressures. 


Table  II. 

Bath  Liquids 

Maximum 

Temperature 

Pressure 

°  C. 

Mm.  Hg 

Mineral  oil  (Squibb’s) 

150 

10 

260 

760 

Glycerol 

150 

20 

250 

760 
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Determination  of  Acidity  in  Insulating  Oil 

Use  of  the  Glass  Electrode  in  n-Butanol 

R.  N.  EVANS  AND  J.  E.  DAVENPORT 
Research  Bureau,  Brooklyn  Edison  Co.,  Inc.,  Brooklyn,  N.  Y. 


This  paper  outlines  a  potentiometric 
method  for  the  titration  of  acids  in  oil  in 
which  the  glass  electrode  in  n-butanol  is 
employed.  The  need  for  a  small  amount  of 
water  in  the  solvent  is  pointed  out.  Fac¬ 


tors  relating  to  the  titration  procedure  are 
dealt  with  experimentally.  The  effect  of 
easily  hydrolyzable  substances  on  the  shape 
of  the  titration  curve  and  on  the  estimation 
of  acidity  of  oils  is  discussed. 


1HE  usefulness  of  an  electrical  oil  may  be  more  accurately 

_  determined  if  one  attempts  to  estimate  the  deleterious 

substances  in  the  oil  by  more  refined  chemical  procedures. 
Thus,  in  the  past,  a  great  deal 
of  work  has  been  done  in  at¬ 
tempting  to  correlate  electrical 
and  chemical  test  results,  with 
little  or  no  success  because  of 
lack  of  refinement  in  chemical 
test  procedures  together  with 
an  incomplete  interpretation  of 
the  significance  of  the  test  data 
actually  obtained.  For 
example,  it  is  rarely  emphasized 
that  such  substances  as  metal 
soaps  and  peroxides  may  be  in¬ 
cluded  in  the  simple  neutraliza¬ 
tion  number  test,  although  the 
effect  of  the  latter  substances  on 
the  electrical  and  chemical 
properties  of  the  oil  far  out¬ 
weighs  the  effect  of  the  elemen¬ 
tary  acid  group  carboxyl.  In¬ 
asmuch  as  the  work  herein  re¬ 
ported  is  a  result  of  a  study  of 
the  deterioration  of  high-volt¬ 
age  cable  oil  in  particular,  the 
procedure  for  acidity  determi¬ 
nation  must  of  necessity  be  ca¬ 
pable  of  revealing  small  amounts 
of  acids — i.  e.,  a  neutralization 
number  of  0.01  or  less. 

The  value  of  the  glass  elec¬ 
trode  ( 3 , 6)  in  aqueous  solutions 
is  well  known  under  conditions 
which  militate  against  the  use 
of  hydrogen,  quinhydrone,  or 
analogous  substances  to  stabi¬ 
lize  the  potential.  Similar  ob¬ 
jections  may  be  raised  to  the 
use  of  these  substances  in  non- 
aqueous  solvents.  Although 
the  authors  have  found  that 
the  presence  of  water  in  the 
titration  medium  is  essential 
for  the  precise  determination  of 
acidity  in  oil  with  the  glass 
electrode,  it  will  be  necessary  to 
modify  the  apparatus  consider¬ 
ably  to  connect  the  activity 
of  the  water  in  the  solvent 
definitely  to  the  behavior  of  the 


glass  electrode.  Thus,  since  small  amounts  of  water  are  in¬ 
volved,  the  entire  operation  must  be  carried  out  in  the  absence 
of  air.  This  phenomenon  is  the  subject  of  further  study. 
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Apparatus 

Titration  Cell.  The  titration  assembly  is  sketched  in 
Figure  1.  The  beaker  with  a  ground-glass  cover  was  supported 
by  an  aluminum  plate  immediately  above  two  electromagnets. 
The  electromagnets,  by  means  of  a  collector  ring,  were  energized 
from  a  7.5-volt  storage  battery  which  also  served  as  a  source  of 
power  for  a  small  toy  alternating  or  direct  current  motor,  8  to  12 
volts.  A  rubber  band  was  used  as  a  belt  to  connect  the  motor 
shaft  with  the  frame  supporting  the  electromagnets.  A  glass 
ball  filled  with  iron  filings  moved  in  its  circular  path  bounded  by 
the  wall  of  the  beaker  and  the  gas  bubbling  tube.  The  ground- 
glass  cover  was  fitted  with  holes  for  the  two  electrodes,  buret, 
addition  of  the  sample,  and  the  gas  entrance  and  exit.  The  gas 
was  directed  to  the  perforated  glass  tube  beneath  the  surface  of 
the  liquid  or  to  the  space  above  the  liquid  by  means  of  a  two-way 
stopcock.  Thus,  it  was  possible  to  agitate  the  liquid  by  means 
of  the  gas  stream  or  by  means  of  the  glass-covered  revolving  ball. 
The  exiting  tube  was  connected  to  an  alkali  trap  which  indicated 
a  slight  pressure  above  atmospheric  in  the  titration  vessel.  The 
buret  (graduation  0.02  cc.)  and  alkali  storage  reservoir  were 
permanently  connected  to  the  purified  nitrogen  system.  The 
capillary  tip  of  the  buret  extended  beneath  the  surface  of  the 
liquid  in  the  titration  vessel. 

Electrodes.  In  the  authors’  work,  the  cell  platinum — 
quinhydrone,  picric  acid  0.003  M  in  n-butanol— glass — n-bu- 
tanol  plus  oil  sample — saturated  potassium  chloride  in 
n-butanol — silver  chloride-silver  was  employed.  The  silver- 
silver  chloride  reference  electrode  was  prepared  as  described 
by  Brown  ( 1 ).  The  experimental  results  substantiate  Dole’s 
(3)  conclusions  in  that  water  was  apparently  necessary  to 
bring  about  reproducible  potentials.  Thus,  experiments  with 
n-butanol  as  a  solvent  dehydrated  by  means  of  the  azeotropic 
mixture  (13)  with  benzene  (water  content  too  small  to  be 
measured  by  the  subsequently  mentioned  method,  less  than 
0.1  per  cent)  and  with  potassium  hydroxide  either  in  n-butanol 
or  methanol,  show  that,  in  titrating  acids,  before  the  neutral 
point,  the  change  of  potential  upon  addition  of  alkali  was  ex¬ 
tremely  erratic.  However,  when  sufficient  water  of  neutrali¬ 
zation  had  been  formed  the  potential  change  was  uniform 
and  points  of  inflection  were  obtained  in  agreement  with 
theory.  Furthermore  when  sodium  butylate  was  substituted 
for  potassium  hydroxide,  haphazard  potential  readings  were 


obtained  and  no  weak  acid  inflection  point  resulted.  There¬ 
fore,  for  routine  work,  the  solvent  (n-butanol)  should  contain 
approximately  1  per  cent  of  water  by  weight — an  amount 
insufficient  to  interfere  with  the  oil  sample  solubility. 

Vacuum-Tube  Potentiometer.  The  potentiometer  cir¬ 
cuit  (Figure  2)  employs  two  tubes  (  F.  P.  54)  in  a  modifica¬ 
tion  of  an  arrangement  suggested  by  the  General  Electric 
Company  (5,  7).  The  changes  are  directed  toward  ease  of 
operation  and  making  the  circuit  suitable  for  potential 
measurements.  An  external  galvanometer  (sensitivity  4  X 
10  ~10  ampere)  was  used  as  a  null  point  detector  and  re¬ 
sulted  in  a  precision  of  1  per  cent  of  the  measured  voltage 
with  a  current  in  the  cell  of  less  than  10 -l5  ampere. 

Solvent.  The  following  routine  was  adopted  as  effective 
in  purifying  the  solvent  suitable  for  electrometric  titrations: 

Separate  distillations  of  commercial  n-butanol  from  potassium 
hydroxide,  alpha-naphthol,  m-phenylenediamine  hydrochloride, 
and  freshly  heated  lime  were  made,  in  the  last  case  taking  the 
fraction  boiling  at  117°  =*=  0.5°  C.,  760  mm.  The  resulting  sol¬ 
vent  was  aldehyde-  and  peroxide-free  but  contained  0.5  to  1.0 
per  cent  of  water  and  possibly  a  small  amount  of  weak  acid  (cf. 
paragraph  on  acidity).  The  water  content  was  measured  syn¬ 
thetically  employing  the  data  of  Perrakis  (9).  The  distillate 
was  stored  in  a  darkened  container  in  a  nitrogen  atmosphere. 
The  nitrogen  was  purified  by  passage  over  reduced  copper  oxide, 
dehydrite,  and  ascarite.  All  connections  in  the  still  and  re¬ 
ceiver  were  of  ground  glass. 

Acidity  in  Solvent.  It  was  considered  impractical  to 
attempt  to  remove  the  last  traces  of  acid  in  the  solvent. 
Furthermore,  carbon  dioxide  and  other  acidic  gases  in  the 
atmosphere  quickly  dissolved  in  the  alcohol  during  the  in¬ 
terval  between  the  removal  from  the  storage  container  and 
the  actual  titrations.  To  reduce  this  variable  amount  of 
titer  to  a  minimum,  the  solvent  was  purged  with  purified 
nitrogen  for  a  30-minute  period  (Table  I).  The  residual 
acidity  of  different  solvent  batches  varied  from  0.05  to  0.15 
cc.  of  0.01  M  alkali.  A  measured  amount  of  stearic  acid 
(0.005  M  in  toluene)  was  added  as  a  blank  after  the  gas  stream 
had  been  diverted  in  such  a  manner  that  it  did  not  bubble 
through  the  liquid.  The  titer  representing  the  acid  removed 
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from  the  solvent  by  the  nitrogen  was  surprisingly  large— 
1.00  to  1.2  cc.  of  0.01  M  alkali  per  100  cc.  of  n-butanol  which 
had  been  distilled  without  protection  from  air  contamination. 
The  magnetic  stirrer  was  operated  during  the  entire  gassing 
period. 

Alkali.  The  most  stable  solvent  for  the  alkali  was 
anhydrous  methanol  prepared  by  distillation  from  sodium. 
Potassium  hydroxide  was  dissolved  in  the  alcohol,  forming  a 
concentrated  solution.  Separation  of  the  insoluble  carbonate 
was  effected  by  centrifuging  and  an  aliquot  part  was  pipetted 
and  added  to  the  alcohol  which  had  been  distilled  into  the 
alkali  storage  reservoir.  The  resulting  alcoholic  potassium 
hydroxide  was  0.01  M,  as  measured  by  titration  of  strong 
(hydrochloric,  picric)  or  weak  (benzoic,  stearic)  acids.  In 
other  words,  the  weak  acid  salt  content  ( 14 )  of  the  alkali 
was  too  small  to  be  detected  and  remained  so  for  several 
months  (Figure  3).  n-Butanol  containing  potassium  hydrox¬ 
ide  was  found  to  be  more  susceptible  to  oxidation  and  light 
action,  although  it  was  satisfactory  for  use  in  oil  acidity 
titrations. 

Experimental  Results 

The  general  applicability  of  the  present  experimental  setup 
in  its  use  for  oil  acidity  determinations  is  discussed  and  illus¬ 
trated  below. 

Volatile  Acidity  and  Standardization.  It  is  possible 
to  measure  volatile  as  well  as  nonvolatile  acidity.  The 
problem  of  volatility  of  acids  becomes  particularly  important 
where  small  amounts  of  acids  are  being  determined.  The 
use  of  an  inert  gas  for  agitation  in  conjunction  with  any  elec¬ 
trode  pair  is  open  to  serious  criticism  unless  some  precaution 
is  taken  to  eliminate  the  loss  of  volatile  acid.  Furthermore, 
the  solvent  becomes  quickly  contaminated  with  volatile  acid 
upon  exposure  to  the  atmosphere  either  before  or  during  the 
titration  period.  The  removal  of  the  volatile  acid  is  illustrated 
in  Table  I,  where  100  cc.  of  n-butanol  were  employed  as  a 
solvent  for  1  cc.  of  0.005  M  stearic  acid  in  toluene. 

Table  I.  Removal  of  Volatile  Acidity  from  r-Butanol  by 
Means  of  Nitrogen 

(Gas  flow  approximately  1  oc.  per  second) 


0.01  M  KOH 

Equivalent  to 

Time 

Residual  Acid 

of 

in  Solvent 

Gassing 

Cc. 

Min. 

0.14 

20 

0.10 

30 

0.06 

60 

As  the  volatile  acid  was  more  completely  removed  by  the 

I  longer  gassing  period  the  point  of  inflection  of  the  stearic 
acid  became  more  distinct.  The  oil  sample  should  be  ob¬ 
tained  under  conditions  which  prevent  atmospheric  con¬ 
tamination  whenever  an  inert  atmosphere  is  employed  to 

!  protect  the  oil  during  its  life  as  a  dielectric. 

The  alkali  standardization  curves  are  given  in  Figure  3. 

Curve  A  shows  the  titration  of  Bureau  of  Standards  benzoic 
acid,  alkali  0.0097  M.  The  molarity  of  the  alkali  employing  re¬ 
crystallized  picric  acid  was  0.0096.  Curve  B  represents  the  titra¬ 
tion  of  a  mixture  of  2  cc.  of  0.0053  M  hydrochloric  in  methanol 
and  1  cc.  of  0.0052  M  stearic  acid  in  toluene.  The  difference 
in  titers  is  0.63  cc.  which  is  the  titer  obtained  with  1  cc.  of 
0.0052  M  stearic  acid  alone  (curve  C).  The  addition  of  1  cc.  of 
0.0052  M  stearic  acid  to  the  excess  alkali  from  curve  C  followed 
by  titration  gave  0.55  cc.  as  the  titer  of  the  1-cc.  portion  of 
stearic  acid.  It  follows  that  the  residual  acidity  of  the  solvent 
was  0.08  1  cc.  of  0.0  M  alkali.  The  stearic  acid,  which  prob¬ 
ably  contained  some  palmitic  acid,  was  not  used  as  a  standard, 
but  merely  to  prove  the  absence  of  weak  acid  salt  in  the  alkali 
and  to  determine  the  residual  acidity  in  the  solvent. 


Figure  3.  Standardization  of  0.0097  M  Alkali 

A.  Titration  of  benzoic  acid,  5.4  mg.  Titer,  4.55  cc. 

B.  1  cc.  of  0.0052  M  stearic  acid  and  2  cc.  of  0.0053  M  hydrochloric 

acid.  Titers,  1.11  and  1.74  cc. 

C.  1  cc.  of  0.0052  M  stearic  acid.  Titer,  0.63  cc. 

D.  Addition  of  1  cc.  of  0.0052  M  stearic  acid  to  excess  alkali  result¬ 

ing  from  C.  Titer,  1.18  cc. 


Alkali  to  Acid  Titrations.  The  electrode  system  en¬ 
ables  one  to  proceed  from  acid  to  alkali  or  in  the  reverse 
direction.  It  is  thus  suitable  for  saponification  experiments. 

In  Figure  4  curve  A  shows  the  titration  of  0.9  cc.  of  0.01  M 
stearic  acid  in  100  cc.  of  n-butanol,  free  of  volatile  acids  but 
containing  the  equivalent  of  0.15  cc.  of  0.01  M  alkali  residual 
acidity.  When  2.2  cc.  of  alkali  had  been  added,  the  solution 
was  back-titrated  with  0.01  M  stearic  acid  in  methanol,  which  is 
shown  in  curve  B.  Curve  C  illustrates  the  titration  of  excess 
acidity  resulting  from  curve  B.  Curve  C  differs  from  curve  A 
in  that  the  rapid  change  in  potential  upon  the  first  addition  of 
alkali  is  absent.  This  phenomenon  is  normally  observed  in  the 
titration  of  weak  acids  in  aqueous  solutions. 

The  agreement  between  acid  and  alkali  is  satisfactory  con¬ 
sidering  that  0.10-cc.  increments  were  added.  It  is  obvious 
that  for  the  saponification  test  an  excess  of  stearic  acid  may 
be  added  to  the  residual  alkali  and  titrated  in  the  usual 
manner.  Apparently,  the  drift  in  potential  at  the  equivalent 
point  is  small  as  indicated  by  the  relation  between  acid  and 
alkali  independent  of  the  direction  of  neutralization. 

Peroxides.  The  use  of  quinhydrone  with  oils  that  con¬ 
tain  peroxides  should  be  questioned.  When  using  the  glass 
electrode  no  quinhydrone  and  conducting  salt  are  necessary 
in  the  titration  medium  (2, 4, 10, 11, 12).  However,  peroxides 
present  an  unavoidable  difficulty,  in  that  they  are  attacked 


Figure  4.  Alkali  to  Acid  Titration 

A.  Titration  of  0.9  cc.  of  0.01  M  stearic  acid.  Blank,  0.15  cc. 

0.95  cc.  of  alkali  =  0.90  cc.  of  acid 

B.  Back-titration  of  excess  alkali  from  .4  with  0.01  M  stearic  acid. 

1.10  cc.  of  alkali  =  1.15  cc.  of  acid 

C.  Titration  of  excess  stearic  acid.  1.15  cc.  of  alkali  =  1.10  cc.  of 

acid 


290 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


YOL.  8,  NO.  4 


A.  15  grams  of  cable  oil,  peroxide  No.  45,  after  removal  of  volatile 

compounds  by  means  of  nitrogen 

B.  Titration  of  excess  alkali  from  A  after  addition  of  1  cc.  of  0.01  M 

stearic  acid 

C.  9  grams  of  cable  oil,  peroxide  No.  0.  Soluble  copper,  7  p.  p.  m. 

Volatile  constituents  not  removed 

D.  18  grams  of  cable  oil,  peroxide  No.  1.5.  Volatile  constituents 

absent 


by  the  alkali  in  the  region  of  the  weak  acid  point  of  inflection. 
This  effect  brings  about  a  flattening  in  the  region  of  inflection 
and  thus  may  render  the  end  point  obscure.  Figure  5, 
curve  A,  represents  the  titration  of  a  commonly  used  high- 
voltage  cable  oil  with  a  peroxide  number  of  45  after  exposure 
for  48  hours  to  ultraviolet  light.  Addition  of  stearic  acid  at 
the  end  of  the  titration,  followed  by  a  second  titration,  gave 
a  somewhat  more  distinct  point  of  inflection  (Figure  5,  curve 
B).  The  oil  sample  in  Figure  5,  curve  D,  had  a  peroxide  num¬ 
ber  of  1.5.  The  peroxide  number  of  the  oil  was  obtained  by 
the  method  of  Yule  and  Wilson  (15)  and  is  defined  in  the 
authors’  work  as  the  grams  of  active  oxygen  per  thousand 
kilograms  of  oil.  In  general  an  oil  with  a  high  peroxide  num¬ 
ber  presented  an  obscure  end  point  upon  titration,  independ¬ 
ent  of  its  volatile  acid  content.  There  appeared  to  be  no 
stoichiometrical  relation  between  the  peroxide  number  of  the 
oil  and  the  magnitude  of  the  flattened  portion  of  the  titration 
curve.  When  benzoyl  peroxide  was  added  to  the  titration 
medium  containing  the  stearic  acid,  it  was  impossible  to 
obtain  a  point  of  inflection.  In  the  region  of  the  end  point, 
after  addition  of  alkali,  the  potential  drift  would  reverse 
after  its  normal  change  due  to  the  alkali  and  there  would 
follow  a  slow  drift  in  potential  in  the  acid  direction. 

It  must  not  be  assumed  that  peroxides  were  the  sole  con¬ 
tributing  cause  to  the  difficulty  discussed  in  the  previous 
paragraph.  Any  functional  group  which  reacts  with  alkali 
would  bring  about  the  same  effect.  In  curve  C,  Figure  5, 
the  oil  sample  contained  7  p.  p.  m.  of  soluble  copper  but 
possessed  a  peroxide  number  of  approximately  zero.  The 
manner  in  which  certain  copper  soaps  interfere  with  oil 
acidity  determinations  is  discussed  below. 

The  question  naturally  arises  as  to  just  where  the  point  of 
equivalence  between  acid  and  alkali  should  be  taken  when 
interfering  substances  are  present.  The  cell  potential  is  of 
some  aid,  but  even  if  an  arbitrary  potential  were  chosen  the 
difficulty  could  not  be  overcome.  Consideration  of  the  rela¬ 
tion  between  acid  and  alkali  would  call  for  a  point  of  equiva¬ 


lence  in  curve  A,  Figure  5,  immediately  above  the  peak  in 
curve  B — a  point  on  curve  A  which  would  never  have  been 
taken  as  the  end  point.  Obviously,  the  alkali  was  combining 
with  substances  which  were  not  present  as  acids  in  the  original 
oil  sample.  Until  the  exact  relation  between  alkali  and  the 
easily  hydrolyzable  substances  in  the  oil  sample  is  known, 
the  difficulty  will  remain  unsolved. 

Acid  Strength.  One  can  distinguish  between  strong  and 
weak  acids  in  the  oil  sample — a  result  which  in  general  can 
be  obtained  with  any  electrode  pair.  Curve  C,  Figure  5, 
represents  the  formation  of  strong  acid  in  cable  oil  in  the 
presence  of  oxygen  and  finely  divided  copper.  The  second 
point  of  inflection  may  represent  a  moderately  strong  acid  but 
most  probably  the  hydrolysis  of  a  copper  salt  of  a  strong  acid. 
Curve  D,  Figure  5,  shows  the  formation  of  acids  in  a  duplicate 
sample  of  cable  oil  in  the  absence  of  copper,  but  under  the 
same  oxygen  pressure. 

Copper  Soaps.  The  use  of  quinhydrone  in  the  presence  of 
aqueous  copper  sulfate  solutions  has  been  investigated  by 
O’Sullivan  (8).  He  reported  the  slow  formation  of  a  precipi¬ 
tate  when  quinhydrone  was  used  in  a  neutral  copper  sulfate 
solution,  bringing  about  a  gradual  drift  in  potential.  The 
use  of  the  glass  electrode  eliminated  this  possible  interference 
when  titrating  insulating  oils,  which  frequently  contained 
copper  colloidally  dispersed  in  the  elementary  state  or  com¬ 
bined  as  soaps.  However,  the  estimation  of  acids  in  elec¬ 
trical  oils  was  unavoidably  complicated  by  the  fact  that  cer¬ 
tain  soaps  hydrolyze  so  easily  that  they  behave  as  acids  when 
titrated  potentiometrically.  Thus,  a  mixture  of  copper  stea¬ 
rate  recrystallized  from  n-butanol  and  stearic  acid  (curve  A, 
Figure  6)  gave  but  one  point  of  inflection  and  a  titer  equiva¬ 
lent  to  the  sum  of  the  two  constituents  was  obtained.  Copper 
cyclohexane  carboxylate  recrystallized  from  n-butanol  (curve 
B,  Figure  6)  behaved  in  a  similar  manner.  The  potentiometric 
determination  of  soaps  is  the  subject  of  a  paper  which  will  be 
submitted  in  the  near  future. 
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Figure  6.  Effect  of  Copper  Soaps  on  Titration  Curve 

A.  Titration  of  mixture  of  3.2  mg.  of  copper  stearate  and  3  mg.  of 

stearic  acid.  Theory,  2.14  cc.;  found,  2.25  cc. ;  blank,  0.15  cc. 

B.  Titration  of  mixture  of  3.35  mg.  of  copper  cyclohexane  carboxyl¬ 

ate  and  1  cc.  of  0.005  M  stearic  acid.  Theory,  2.73  cc.;  found, 
2.75  cc.;  blank,  0.05  cc. 


Conclusions 

It  is  difficult  to  state  definitely  the  precision  with  which 
acidity  in  oils  may  be  determined  with  the  procedure  outlined 
in  this  paper.  Oils  from  different  sources  obviously  contain 
variable  amounts  of  peroxides,  metal  soaps,  and  weak  acids 
of  different  strengths — factors  which  tend  to  render  the 
anticipated  point  of  inflection  for  the  oil  sample  indefinite. 
When  interfering  substances  are  absent — a  case  which  prac¬ 
tically  reduces  to  the  determination  of  two  solvent  blanks — 
the  precision  of  the  method  is  ±0.02  cc.  of  0.01  M  alkali. 
For  a  20-gram  sample  of  oil,  this  amount  of  alkali  is  equivalent 
to  a  neutralization  number  of  ±0.001. 
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Energy  Equivalents  of  Vitamin  D  Units 

ROBERT  W.  HAMAN  AND  HARRY  STEENBOCK,  University  of  Wisconsin,  Madison,  Wis. 


THE  widespread  acceptance  of  irradiated  food  products  and 
irradiated  ergosterol,  as  well  as  the  general  use  of  cod 
liver  oil  and  its  concentrates,  has  demanded  the  formulation 
of  unitary  expressions  of  vitamin  D  activity.  In  this  country 
the  Steenbock  unit,  prior  to  the  acceptance  of  the  Interna¬ 
tional  unit  by  the  U.  S.  Pharmacopoeia,  had  received  wide¬ 
spread  use.  The  Steenbock  unit  was  originally  defined  in 
terms  of  the  amount  of  calcium  deposited  in  a  standard 
rachitic  rat  under  standard  feeding  conditions  in  10  days.  A 
reference  preparation  of  irradiated  ergosterol  of  known  potency 
expressed  in  such  units  was  made  available  for  use  in  other 
laboratories. 

At  the  time  of  the  adoption  of  the  International  unit  by 
the  Permanent  Commission  on  Biological  Standardization  of 
the  League  of  Nations  in  1931,  the  authors  immediately 
initiated  experiments  comparing  the  Steenbock  unit  with  the 
International  unit.  Their  initial  experiments  were  of  the 
therapeutic  type.  Preliminary  experiments  necessitating  cer¬ 
tain  comparisons  revealed  provisionally  that  1  Steenbock 
unit  was  equivalent  approximately  to  2.7  International  units. 
This  factor  was  sufficiently  accurate  for  the  purpose  at  that 
time  (7).  Unfortunately,  it  was  accepted  by  others  as  the 
final  conversion  factor  for  purposes  requiring  a  far  greater 
degree  of  accuracy  than  demanded  by  the  authors’  particular 

I  experiments. 

A  limited  number  of  quantitative  studies  relevant  to  the 
amount  of  energy  required  to  synthesize  vitamin  D  from 
ergosterol  have  been  reported  (2,  4,  5),  and  their  results  are 
generally  concordant  in  showing  that  within  certain  limits 
there  exists  a  definite  relation  between  the  amount  of  radiant 
energy  absorbed  and  the  amount  of  vitamin  D  synthesized. 
The  authors  have  now  used  a  similar  technic  to  determine  the 

I  amount  of  radiant  energy  required  to  synthesize  one  Inter¬ 
national  unit  of  vitamin  D  in  comparison  with  the  Steenbock 
unit,  using  ergosterol  as  the  substrate. 

Experimental 

Known  amounts  of  radiant  energy  of  known  wave  lengths 
were  obtained  with  the  use  of  a  Bausch  and  Lomb  quartz  mono¬ 
chromator  equipped  with  a  Coblenz  linear  thermopile  (12 
copper-Constantan  junctions)  in  conjunction  with  a  Leeds  & 
Northrup  galvanometer  (sensitivity,  10.4  mm.  per  mv.).  The 
thermopile-galvanometer  system  was  standardized  with  a 
carbon  filament  lamp  obtained  from  the  U.  S.  Bureau  of  Stand¬ 
ards.  The  instrument  was  adapted  for  the  purpose  by  the 
insertion  of  a  quartz  lens  with  a  focal  length  of  5  cm.  between  the 
exit  slit  and  the  thermopile.  This  made  it  possible  to  place  in 
front  of  the  thermopile  slit  a  cell,  2.5  cm.  wide  and  1.5  cm. 
thick,  consisting  of  two  compartments  constructed  of  ground 
and  polished  plates  of  quartz.  A  rack  provided  for  this  cell  en¬ 


abled  the  authors  to  move  either  compartment  into  the  path  of 
the  monochromatic  radiations  incident  to  the  thermopile  slit, 
thereby  eliminating  reflection  and  absorption  by  the  quartz  and 
the  solvent  as  factors  in  the  quantitative  evaluations.  As  a 
source  of  light  the  authors  used  a  capillary  quartz  mercury  arc 
similar  to  one  described  by  Daniels  and  Heidt  ( 1 ).  The  degree 
of  resolution  of  the  spectrum  from  this  arc  as  well  as  the  energy 
values  of  different  lines  is  shown  in  Figure  1 .  It  is  evident  that  the 
dispersion  was  sufficient  for  the  purpose. 

In  their  first  quantitative  evaluations  of  the  Steenbock  unit  the 
authors  irradiated  ergosterol  in  absolute  alcohol  solution  with  the 
303  m  mercury  fine.  (The  ergosterol  was  obtained  from  Chas. 
Pfizer  and  Co.  It  had  a  melting  point  of  158°  C.,  uncorrected, 
a  rotation  of  (a)2D°  =  —134.3°  in  chloroform,  and  an  extinction 
coefficient  of  11,000  at  282  mm.)  Five  cubic  centimeters  of  a  0.1 
per  cent  solution  were  placed  in  one  compartment  of  the  cell  and 
5  cc.  of  absolute  alcohol  in  the  other.  The  cell  was  sealed  with  a 
glass  plate  and  placed  on  the  rack  in  front  of  the  thermopile  slit. 
Readings  of  the  galvanometer  deflections  for  the  determination 
of  the  energy  transmitted  by  the  absolute  alcohol  were  made  be¬ 
fore  and  after  the  irradiation  period  for  these  short  exposures. 
Since  the  radiant  energy  incident  to  the  ergosterol  solution  was 
all  absorbed,  this  measurement  represented  the  radiant  energy 
absorbed.  The  amperage  and  voltage  of  the  arc  were  always 
checked.  Each  solution  after  proper  exposure  to  measured 
amounts  of  radiant  energy,  ranging  from  500  to  5000  ergs,  was  fed 
in  oil  to  rats  using  the  10-day  fine  test  technic  with  ration  2965 
as  the  rachitogenic  diet. 

Earlier  results  indicated  that  healing  comparable  to  that 
produced  by  one  Steenbock  unit  was  obtained  when  3000 
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ergs  of  radiant  energy  of  wave  length  303  /x  were  absorbed 
by  the  ergosterol  solutions.  These  experiments  have  been 
repeated,  using  the  following  prominent  lines  of  the  mercury 
vapor  arc:  249,  254,  265,  275,  280,  289,  297,  303,  and  313  /x. 
All  of  them  with  the  exception  of  the  313  /x  line  were  found 
essentially  equally  effective  per  unit  of  erergy  absorbed. 

Kon,  Daniels,  and  Steenbock  (4),  using  the  line  test,  and 
Marshall  and  Knudson  (5),  using  roentgenograms  as  criteria, 
have  reported  that  within  the  synthesizing  region  the  quan¬ 
tum  efficiency  was  identical  for  the  various  wave  lengths. 
The  authors’  results  represent  an  approximate  20  per  cent 
difference  in  the  number  of  quanta  required  to  produce  one 
Steenbock  unit  with  the  248  p  line  as  compared  with  the 
303  p  line.  However,  this  difference  may  not  be  based  on 
actual  differences  in  potency,  because  of  the  limited  accuracy 
of  the  line  test  with  the  animals  used  at  that  time.  The  authors 
have,  however,  repeatedly  determined  differences  of  15  per 
cent  in  vitamin  D  activity,  using  the  prophylactic  method 
with  6  to  10  animals  in  each  group  of  a  series.  The  daily 
administration  of  as  little  as  0.025  Steenbock  unit  per  day  for 
5  weeks  produces  a  demonstrable  response.  One-tenth  Steen¬ 
bock  unit  per  day,  or  a  total  of  3.5  Steenbock  units  for  the 
experimental  period  of  5  weeks,  has  been  found  to  be  sufficient 
to  protect  a  rat  against  rickets  on  rachitogenic  diet  2965. 

To  determine  more  accurately  the  relative  effectiveness  of 
the  various  wave  lengths  in  the  synthesizing  region  the  authors 
repeated  their  irradiation  with  the  various  lines  of  the  mer¬ 
cury  vapor  arc  and  fed  the  resultant  preparations  in  oil  to 
rats  in  prophylactic  experiments  with  bone  ash  determina¬ 
tions  as  the  criteria.  The  results  of  these  experiments  are 
presented  in  Table  I,  series  1  and  2.  They  confirm  the  re¬ 
sults  of  previous  therapeutic  studies  that  the  amount  of 
vitamin  D  produced  is  proportional  to  the  amount  of  radiant 
energy  absorbed  and  independent  of  the  wave  length  within 
a  considerable  range.  It  also  confirms  the  fact  that  the 
upper  limit  of  the  ultraviolet  zone  capable  of  synthesizing 
vitamin  D  lies  between  303  and  313  /x.  Hess  and  Anderson 
( 3 )  reported  in  1927  that  the  longest  wave  length  producing 
antirachitic  activity  was  313  p. 


Table  I.  Effectiveness  of  Various  Wave  Lengths 


;Ash  of  femurs  from  rats  fed  daily  the  amount  of  vitamin  D  produced  by 
150  ergs  of  various  wave  lengths) 

Average 

Number  Gain 

Wave  of  in 

Length 

p 

Rats 

Weight 

Grams 

Average  Ash 

Gram  % 

Series  1 

249 

6 

43 

0.0504 

40.55 

265 

6 

41 

0.0481 

40.06 

289 

6 

36 

0.0522 

40.62 

302 

6 

43 

0.0499 

39.49 

313 

Negative 

6 

42 

0.0321 

29.64 

controls 

6 

36 

0.0253 

26.11 

Series  2 

254 

6 

38 

0.0617 

47.04 

265 

6 

31 

0.0606 

45.64 

275 

6 

39 

0.0523 

43.74 

280 

6 

38 

0 . 0579 

44.78 

297 

Negative 

6 

33 

0.0501 

43.81 

controls 

6 

33 

0.0292 

29.46 

The  energy  relations  which  the  authors  have  expressed 
were  obtained  under  rigidly  controlled  experimental  condi¬ 
tions.  It  is  to  be  expected  that  the  energy  relationship, 
3000  ergs  =  1  Steenbock  unit,  will  not  hold  when  the  course 
of  the  reaction  has  proceeded  to  the  point  where  the  rate  of 
destruction  of  the  vitamin  is  greater  than  the  rate  of  syn¬ 
thesis.  However,  the  authors  have  found  that  the  relation¬ 
ship  still  holds  when  104  ergs  have  been  absorbed  by  1  mg. 
of  ergosterol  in  absolute  alcohol.  Their  evaluations  were 
made  when  approximately  103  ergs  had  been  absorbed. 

They  have  also  determined  the  amount  of  radiant  energy 
required  to  synthesize  one  International  unit  of  vitamin  D 


from  ergosterol  in  absolute  alcohol  solution.  To  make  this 
determination  they  exposed  an  ergosterol  solution  to  a  meas¬ 
ured  amount  of  radiant  energy  of  wave  length  265  /x.  This 
preparation  was  diluted  so  that  the  daily  dose  of  vitamin  D 
was  expressed  in  terms  of  radiant  energy  absorbed.  Five 
dilutions  were  made  and  compared  with  the  International 
standard  preparation  using  rats  in  prophylactic  experiments. 

From  the  data  presented  in  Table  II  it  is  apparent  that 
0.165  International  unit  daily  produced  a  somewhat  greater 
deposition  of  ash  than  the  daily  intake  of  vitamin  D  pro¬ 
duced  by  140  ergs  of  radiant  energy.  The  energy  required 
to  produce  an  International  unit  was,  therefore,  slightly 
greater  than  850  ergs.  It  appears  permissible  to  conclude 
that  one  International  unit  is  equivalent  to  the  vitamin  D 
produced  by  900  ergs  of  radiant  energy  of  wave  length  265  /x. 


Table  II.  Determination  of  Radiant  Energy  Required  to 
Produce  One  International  Unit 


Preparation 


119A.  Irradiated  ergosterol 
119B.  Irradiated  ergosterol 
119C.  Irradiated  ergosterol 
119D.  Irradiated  ergosterol 
121A.  International  stand¬ 
ard  preparation 


Aver- 


Num¬ 

age 

Ergs 

ber 

Gain 

per 

of 

in 

Day 

Rats 

Weight 

Average  Ash 

Grams 

Gram 

% 

115 

10 

62 

0 . 0407 

34.80 

140 

10 

53 

0.0419 

35.77 

165 

10 

57 

0.0451 

37.94 

190 

10 

58 

0.0484 

39.78 

0.165 

Interna- 

13 

50 

0.0412 

35.97 

tional 

unit 


From  the  authors’  data  in  the  energy  equivalents  of  one 
Steenbock  unit  it  is  obvious  that  it  requires  approximately 
3.33  times  as  much  radiant  energy  to  produce  one  Steenbock 
unit  as  one  International  unit. 


Table  III.  Comparison  of  Steenbock  and  International 

Units 


(Percentage  of  ash  produced  by  0.025  Steenbock  unit  per  day  as  compared 
with  that  produced  by  different  amounts  of  the  International  standard) 


Series  1 


Series  2 


Vitamin  D 
Intake 
per  Day 

Number 

of 

Rats 

Average 

Gain 

in  Weight 

Average  Ash 

Grams 

Gram 

% 

Steenbock  unit 

0.025 

12 

35 

0.0395 

37.91 

International  unit 

0.0475 

12 

36 

0.0316 

32.36 

0.0575 

12 

33 

0.0309 

31.85 

0.0675 

11 

30 

0.0298 

32.89 

0.0775 

12 

30 

0.0337 

36.76 

0 . 0875 

12 

30 

0.0423 

40.32 

0 

10 

26 

0 . 0246 

27.44 

Steenbock  unit 

0.025 

10 

48 

0.0376 

35.60 

International  unit 

0.0825 

11 

42 

0.0356 

35.63 

0 

12 

29 

0.0240 

26.66 

The  ratio  of  the  two  units  to  each  other  which  the  authors 
established  from  their  energy  evaluations  with  independently 
executed  biological  tests  has  been  checked  by  direct  com¬ 
parative  biological  tests.  They  prepared  a  standard  prepara¬ 
tion  of  known  vitamin  D  activity  expressed  in  Steenbock 
units  with  monochromatic  light  of  wave  length  265  /x, 
using  essentially  the  same  technic  as  already  described.  This 
preparation  was  fed  in  oil  from  a  calibrated  dropper  to  rats 
at  a  level  of  0.025  Steenbock  unit  per  day.  Similarly,  the 
International  standard  preparation  as  obtained  from  the 
Health  Organization  of  the  League  of  Nations  was  fed  at 
daily  levels  of  0.0475,  0.0575,  0.0675,  and  0.0875  Interna¬ 
tional  unit.  From  the  resultant  data,  presented  in  Table 
III,  series  1,  it  is  evident  that  the  number  of  International 
units  required  to  produce  an  ash  equivalent  to  that  produced 
by  0.025  Steenbock  unit  lies  between  0.0775  and  0.0875 
International  unit.  As  this  was  too  wide  a  range,  another 
series  of  animals  was  fed  0.0825  International  unit  and  0.025 
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Steenbock  unit  daily.  The  results  of  this  series,  presented 
in  Table  III,  series  2,  show  that  the  response  obtained  with 
these  two  preparations  was  identical.  As  the  dosages  of 
0.025  to  0.0825  are  in  the  ratio  of  1  to  3.33,  the  results  confirm 
the  ratio  obtained  in  the  previous  series.  (Russel  and  Taylor, 
6,  have  reported,  while  this  manuscript  was  being  prepared, 
that  one  Steenbock  unit  is  equivalent  to  3.2  International 
units.) 

Summary 

1.  One  International  unit  of  vitamin  D  was  synthesized 
from  ergosterol  when  900  ergs  of  ultraviolet  energy  within 
the  synthesizing  region  were  absorbed.  Similarly,  one  Steen¬ 
bock  unit  was  synthesized  when  3000  ergs  were  absorbed. 
These  values  were  found  to  be  independent  of  the  wave  length 
within  the  synthesizing  region. 

2.  A  comparison  of  the  energy  equivalents  of  the  two  units, 
as  obtained  in  independently  executed  series  of  assays,  and 
direct  comparison  of  the  biological  potency  of  the  Inter¬ 
national  Standard  Preparation  with  a  preparation  produced 


by  a  measured  amount  of  monochromatic  ultraviolet  revealed 
that  one  Steenbock  unit  of  vitamin  D  is  equivalent  to  3.33 
International  units. 
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The  Smoke  Tendency  of  Refined  Kerosene 

and  Its  Determination 

JOHN  B.  TERRY  AND  EDWARD  FIELD,  Standard  Oil  Company  of  California,  San  Francisco,  Calif. 


BEFORE  the  present  century,  kerosene  was  not  so  well 
refined  as  it  is  now,  various  types  of  crude  oils  being 
used  for  its  manufacture,  often  without  segregation.  The 
product  sold  varied  widely  in  such  characteristics  as  viscosity, 
capillarity,  boiling  range,  and  sulfur  content,  all  of  which  are 
now  closely  controlled.  The  researches  of  Edeleanu  were  of 
inestimable  value  in  showing  that  the  aromatic  hydrocarbons, 
which  are  removed  from  the  crude  kerosene  by  his  well-known 
sulfur  dioxide  process,  were  responsible  to  a  large  extent  for 
smoky  flames,  the  removal  of  such  compounds  resulting  in 
much  larger  flames  having  greater  luminosity. 

Even  though  much  better  grades  of  kerosene  have  been 
marketed  during  the  last  25  or  30  years,  it  is  only  within  the 
last  15  years  that  attention  has  been  paid  to  the  quality  of 
kerosene  as  judged  by  its  tendency  to  smoke  (I,  4 ,  8,  9). 

Burning  tests  have  been  devised  and  standardized  with 
a  view  to  determining  oil  consumption,  wick  incrustation, 
chimney  fouling,  and  luminosity  (candle  power),  all  of  which 
have  produced  very  enlightening  and  indispensable  informa¬ 
tion  concerning  quality. 

Oils  are  usually  tested  in  lamps  of  varying  design,  depend¬ 
ing  on  the  particular  purpose  for  which  the  oil  is  to  be  used. 
Lamps  for  such  burning  tests  are  not  well  adapted  for  smoke 
tendency  tests  because  chimneys  and  flames  differ  in  shape 
and  size,  so  that  grading  of  the  oil  is  rendered  difficult; 
large  round  wicks  2  or  3  inches  in  diameter,  which  are  very 
susceptible  to  “pitting,”  are  often  used;  a  considerable 
personal  element  is  introduced ;  it  is  difficult,  using  such  lamps, 
to  grade  oils  to  detect  small  differences  in  refinement;  and 
test  lamps  of  the  same  type  are  apt  to  vary  when  made  by 
different  manufacturers,  so  that  an  oil  may  burn  with  a 
different  efficiency  in  two  supposedly  similar  lamps. 

Development  of  Smoke  Tendency  Tests 

In  recent  years,  investigations  of  the  chemical  constitution 
of  kerosenes  of  different  degrees  of  refinement  have  shown 
that  the  constitution  of  any  kerosene  is  closely  related  to  its 
tendency  to  smoke  in  a  given  lamp.  This  is  well  illustrated 


by  the  work  of  Minchin  (5,  6)  who  states  that  the  tendency 
to  smoke  is  directly  proportional  to  its  aromatic  or  naphthene 
content.  In  the  case  of  homologous  series,  the  tendency  to 
smoke,  with  the  exception  of  the  paraffins,  decreases  with 
the  increase  in  the  number  of  carbon  atoms  or  boiling  point. 
The  naphthene  class  has  a  flame  height  about  three  times  that 
of  the  aromatic,  and  the  paraffin  about  nine  times  that  of  the 
aromatic. 

Jackson  (8)  has  further  pointed  out  that  a  satisfactory 
test  for  smoke  tendency  gives  all  we  need  to  know  for  test 
purposes  regarding  the  percentages  of  aromatics,  naphthenes, 
and  paraffins  present  in  the  kerosene.  Therefore,  a  reliable 
test  for  smoke  tendency  would  be  of  great  value  in  controlling 
the  burning  qualities  of  illuminating  oils.  On  the  basis  of 
experimental  work  done  in  England,  the  Institution  of  Pe¬ 
troleum  Technologists  has  standardized  on  a  smoke  point  test 
for  kerosene  (2),  I.  P.  T.  Serial  Designation  K.36. 

Davis  Factor  Lamp 

In  the  United  States,  similar  experimental  work  has  been 
proceeding  for  more  than  10  years.  One  of  the  earliest  lamps 
to  be  developed  was  the  Davis  factor  lamp  (Figure  1),  de¬ 
signed  in  1923  by  R.  F.  Davis  of  the  Standard  Oil  Company 
of  California.  The  basis  of  its  design  was  that  as  increased 
refinement  enables  a  given  kerosene  to  burn  with  a  higher 
flame  in  any  one  lamp  without  smoking,  a  lamp  which  pro¬ 
duced  a  long  narrow  flame  would  be  adaptable  for  control  of 
refinement.  The  tall  flame  would  be  sensitive  to  oils  differing 
by  small  increments  of  refining,  and  the  heights  of  such  a 
flame  could  be  accurately  read  and  would  give  a  good  index  of 
quality. 

The  original  design  of  this  lamp  included  a  brass  fount  of  ap¬ 
proximately  4-ounce  capacity,  and  regulating  wick  gears  actu¬ 
ated  by  a  larger  milled  wheel.  A  special  cylindrical  glass  chim¬ 
ney  7  inches  long,  1  inch  in  outside  diameter,  and  graduated  in 
tenths  of  an  inch  was  mounted  on  a  brass  screen  which  allowed 
entrance  of  air  to  the  flame.  In  making  a  determination,  the 
flame  was  turned  up  until  a  “tail”  of  smoke  just  appeared.  The 
flame  was  then  slowly  turned  down  until  this  tail  just  disappeared, 
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Figure  1.  Davis  Factor  Lamp 


the  height  of  the  flame  being  read  on  the  chimney  and  recorded. 
A  Handlam  long-time-burning  felt  wick,  0.25  inch  in  diameter, 
was  used.  This  lamp  gave  fairly  reliable  results,  though  not  en¬ 
tirely  satisfactory,  and  later  modifications  were  made. 

Improved  Factor  Lamp 

The  improved  factor  lamp  (Figure  2)  consists  of  the  following: 

Brass  Fount,  approximately  4-ounce  capacity.  Regulating 
wick  gears  are  enclosed  in  the  brass  housing. 

Brass  Screen,  20-mesh,  allows  entrance  of  air  at  the  base  of 
the  flame. 

Chimney,  7  inches  long  made  from  uniform  glass  tubing,  1 
inch  outside  diameter  and  0.03  to  0.06  inch  in  thickness.  A 
chimney  holder  maintains  the  chimney  in  a  vertical  position. 

Scale,  made  of  aluminum,  4  inches  long  and  graduated  in  0.1- 
inch  divisions,  mounted  at  the  side  of  the  burner.  It  is  adjusted 
so  that  the  zero  mark  on  the  scale  coincides  with  the  top  of  the 
wick  tube. 

Wick  Tube,  round,  0.25  inch  in  diameter. 

Wick,  American  Pett,  0.25  inch  in  diameter. 

Assembly.  The  lamp  is  placed  on  the  base  of  a  regular  ring 
stand,  on  the  vertical  rod  of  which  is  mounted  a  ring  which  moves 
freely  in  a  horizontal  position  and  is  actuated  by  means  of  a  con¬ 
trol  rod.  The  ring  supports  a  3-inch  flat-bottomed  porcelain 
dish  filled  with  cracked  ice  for  detecting  the  smoke  point.  Both 
the  control  rod  for  the  ring  and  the  milled  operating  wheel  to 
adjust  the  flame  height  are  extended  through  the  right  side  of  a 
ventilated  cabinet  fitted  with  a  glass  front  door.  This  enables 
the  lamp  to  be  operated  in  a  draft-free  space,  and  allows  operat¬ 
ing  controls  to  be  manipulated  from  without. 

Procedure 

The  oil  to  be  tested  is  placed  in  the  fount  and  filled  within  0.5 
inch  from  the  top.  A  piece  of  wick  approximately  4  inches  long 
is  cut,  placed  in  the  burner,  and  burned  so  that  the  tip  is  rounded 
on  the  top  and  no  rough  edges  remain.  The  burner  and  wick 
assembly  is  then  placed  in  the  fount,  and  the  chimney  set  in 
place,  care  being  taken  that  the  flame  is  burning  centrally  within 
the  chimney.  The  porcelain  dish  with  a  clean  undersurface  is 
filled  with  cracked  ice  and  placed  in  the  holder. 

The  lamp  is  lighted,  the  wick  being  adjusted  to  give  a  small 
flame  for  about  15  minutes,  and  the  door  of  the  cabinet  being  left 
open  to  permit  the  flame  to  stabilize  itself.  The  zero  mark  on  the 
scale  is  adjusted  to  coincide  with  the  burner  top.  The  cabinet 
door  is  then  closed  and  the  flame  turned  up  slowly  to  a  height 
where  a  smoke  spot  is  formed  on  the  bottom  of  the  dish.  The 
dish  is  then  moved  away  from  the  chimney  and  the  flame  turned 
down  one-half  of  one  scale  division. 

This  procedure  is  continued  until  the  maximum  height  of  the 
flame  is  produced  without  a  smoke  spot  forming  on  the  dish. 
The  final  adjustment  of  the  flame  is  made  with  an  accuracy  of 
one-half  of  one  scale  division,  or  0.05  inch.  This  maximum  height 
of  the  flame  is  read  directly  by  means  of  the  aluminum  scale,  and 
represents  the  quality  of  the  oil  with  regard  to  smoke  tendency. 

A  very  highly  refined  kerosene  will  give  a  flame  height  of 
3.00  inches  or  more,  a  well  refined  stock  about  2.00  inches, 
and  an  inferior  grade  less  than  1.00  inch. 


Reproducibility 

With  care  and  proper  attention  to  details,  results  on 
duplicate  samples  of  inferior  and  well-refined  kerosenes 
should  agree  within  0.05  inch  in  flame  height;  with  very 
highly  refined  kerosenes  within  0.10  inch. 

This  degree  of  accuracy  will  be  obtained  only  if  different 
lamps  are  as  nearly  identical  in  construction  as  possible.  The 
main  variable  in  a  lamp  of  this  kind  is  the  glass  chimney, 
and  in  the  manufacture  of  this  equipment  chimneys  should  be 
chosen  which  give  identical  results.  The  screen  should  be 
kept  clean  at  all  times;  otherwise  the  volume  of  air  to  the 
flame  will  be  reduced  with  corresponding  reduction  in  flame 
height. 


Significance 

Increasing  the  degree  of  refinement  of  a  keorsene  results 
in  an  increase  in  flame  height,  so  that  the  factor  lamp  test  is 
a  valuable  index  to  the  refiner  for  control  of  the  refining  proc¬ 
ess.  In  the  sulfuric  acid  treatment  of  kerosene  distillate, 
the  amount  of  acid  used  in  dumps  may  at  any  stage  of  the 
treatment  be  correlated  with  this  lamp  test.  Furthermore, 
for  kerosene  distillate  from  a  known  crude  source,  the  amount 
of  acid  required  to  produce  a  given  factor  lamp  test  may  be 
predicted. 


Figure  2.  Improved  Factor  Lamp 

The  factor  lamp  is  not  designed  to  give  an  index  of  quality 
for  which  other  lamps,  such  as  the  Saybolt  standard,  the 
A.  R.  A.  signal  semaphore,  and  Rayo,  are  more  suitable  and 
are  now  widely  used  in  the  industry.  Two  different  kerosenes 
having  the  same  factor  lamp  test  may  be  graded  differently 
for  quality  in  another  lamp,  and  vice  versa.  This  will  be 
true  for  other  types  of  smoke-tendency  test  lamps.  Therefore, 
when  a  given  grade  of  kerosene  is  required  to  meet  a  smoke- 
tendency  test,  the  oil  should  be  tested  in  a  lamp  such  as  the 
factor  lamp,  which  is  designed  for  this  specific  purpose. 

Summary 

A  method  for  the  determination  of  the  smoke  tendency  of 
refined  kerosene  is  described,  by  means  of  which  this  specific 
property  is  evaluated.  The  actual  smoke  point  is  detected 
with  great  accuracy,  using  an  ice-cold  dish,  the  flame  height 
at  this  point  being  measured  directly  on  the  scale.  The 
time  required  for  a  test  is  about  20  minutes,  the  results  being 
reproducible  within  0.05-inch  flame  height,  and  for  very 
highly  refined  stocks  within  0.10-inch  flame  height. 
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Extending  the  Useful  Range  of  Concentric 

Cylinder  Viscometers 

LOMBARD  SQUIRES  AND  R.  L.  DOCKENDORFF 
Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


THE  convenience  of  the  con¬ 
centric  cylinder  type  of 
viscometer  for  technical  work  is 
well  recognized.  Such  instru¬ 
ments  as  the  Stormer,  Couette, 
or  MacMichael  viscometer  com¬ 
bine  ease  and  rapidity  of  manipu¬ 
lation  with  considerable  flexi¬ 
bility  and  are  accurate  enough 
for  many  types  of  industrial 
problems.  However,  the  appli¬ 
cation  of  all  these  instruments, 
particularly  the  Stormer,  is 
limited  to  liquids  whose  viscosi- 


By  means  of  a  friction  factor-Reynolds 
number  plot  it  has  been  found  possible  to 
determine  the  viscosity  of  liquids  in  a  con¬ 
centric  cylinder  viscometer  even  when  the 
liquids  are  so  fluid  that  their  motion  is  tur¬ 
bulent  during  the  determination.  While 
the  method  becomes  more  inaccurate  as 
turbulence  increases,  satisfactory  results 
can  be  obtained  with  instruments  such  as 
the  Stormer  or  MacMichael  viscometer  for 
liquids  as  fluid  as  water. 


ties  are  above  0.5  to  1.0  poise — 

i.  e.,  to  liquids  from  50  to  100  times  the  viscosity  of  water.  In 
consequence,  one  is  forced  to  use  other  methods  for  a  great 
many  liquids  and  solutions  of  moderate  viscosities. 

This  serious  limitation  is  a  consequence  of  the  method 
employed  in  calculating  the  viscosity  from  the  data.  If  the 
motion  of  the  liquid  is  viscous,  it  can  be  easily  shown  that 

M  =  kT/R  (1) 

where  T  is  the  torque  acting  on  one  of  the  cylinders,  R  is 
the  angular  velocity  of  the  rotating  cylinder,  and  k  is  a  con¬ 
stant  of  the  instrument.  If  the  cylinders  are  concentric, 
uniform,  and  sufficiently  long  for  end  effects  to  be  neglected, 


k  = 


d22  -  dS 
TcLdW 


(2) 


where  di  and  d2  are  the  diame¬ 
ters  of  the  inner  and  outer  cylin¬ 
der,  respectively,  and  L  is  the 
length  of  the  cylinder  over  which 
the  viscous  drag  is  being  meas¬ 
ured. 

At  large  values  of  R,  the  mo¬ 
tion  of  the  liquid  changes  from 
viscous  stream-line  flow  to  tur¬ 
bulent  flow,  and  in  this  latter 
region  T  is  no  longer  propor¬ 
tional  to  R.  It  is,  therefore,  no 
longer  justifiable  to  calculate 
the  viscosity  by  Equation  1. 

Furthermore,  the  value  of  R  at 
which  the  motion  of  the  liquid  becomes  turbulent  is  directly 
proportional  to  the  viscosity  and  for  liquids  of  low  viscosity 
will  be  small.  To  keep  within  the  viscous  region  for  these 
liquids,  R  must  be  kept  so  small  that  all  precision  is  lost. 

As  an  illustration,  consider  the  data  of  Figure  1,  obtained 
in  a  Stormer  viscometer,  in  which  the  torque  is  proportional 
to  the  actuating  weight  driving  the  rotating  cylinder.  With 
a  heavy  mineral  oil  (ju  =  0.70  poise),  the  majority  of  the 
points  lie  on  a  straight  line  through  the  origin  and  are  therefore 
on  the  viscous  range.  The  upper  end  of  the  line  shows 
pronounced  curvature  and  indicates  that  turbulence  has  been 
developed.  For  this  oil,  then,  an  actuating  weight  of  less 
than  100  grams  should  be  used  if  Equation  1  is  to  be  valid. 
With  a  light  oil  (p  =  0.0454  poise),  even  with  the  smallest 
weight  considerable  curvature  is  evident,  indicating  that  the 
viscosity  of  this  liquid  cannot  be  calculated  in  the  conven¬ 
tional  way  by  the  use  of  Equation  1. 

The  problem  of  finding  the  viscosity  of  a  liquid  from 
measurements  in  the  turbulent  region  may  be  solved  in  the 
following  way:  From  the  hydrodynamics  of  the  situation, 
it  is  obvious  that  R  is  a  unique  function  of  the  density  and 
viscosity  of  the  liquid,  the  dimensions  of  the  instrument, 
and  the  value  of  the  torque,  T. 

Define  /,  the  friction  factor,  as 


/  = 


d\2d22LpR2 


(3) 


From  the  analogy  with  fluid  flow  in  pipes,  /  is  a  function  of 
the  quantity,  Re,  which  may  be  termed  the  Reynolds  number, 
defined  as 


R<  = 


RpW  -  dd) 


(4) 
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Therefore, 

/  =  <t>{Re)  (5) 

where  4>  represents  the  functional  relationship. 

In  the  viscous  region,  where  Equation  1  applies,  Equation 
5  reduces  to  the  form 

f  =  ir /Re  (6) 

Consequently,  plotting  log  /  against  log  Rc  must  result  in 
a  straight  line  with  a  slope  of  —1  or  45°. 

In  the  turbulent  region,  the  relationship  will  not  in  general 
be  simple.  However,  for  a  given  liquid  in  a  given  instrument, 
there  will  be  only  one  value  of  p  corresponding  to  any  given 
value  of  /  and  Re,  and  therefore  to  any  given  value  of  R. 
Consequently,  once  the  relationship  represented  by  Equation 
5  has  been  determined  for  the  turbulent  region,  the  value  of 
/  can  be  calculated  by  Equation  3  from  the  measured  values 
of  R  and  T,  and  p  be  calculated  from  the  corresponding  value 
of  Re  by  Equation  4. 


rotating  cylinder  is  hollow  and  open  at  both  ends.  It  is 
therefore  not  possible  to  calculate  k  by  Equation  2,  although 
Equation  1  still  holds  for  the  viscous  region.  However,  a 
new  friction  factor,  /',  may  be  defined  as 

/'  =  T/pR*  (7) 

and  similarly  a  new  Reynolds  number  as 

Re'  =  Rp/p  (8) 

where  /'  and  Re'  are  proportional  to  /  and  Re,  respectively, 
the  constants  of  proportionality  depending  on  the  design  of 
the  instrument.  It  is  obvious  that  Equation  5  holds  for  the 
new  quantities  and  Equation  6  may  be  rewritten 

/'  =  K/R,’  (9) 

where  K  will  now  depend  upon  the  instrument,  but  will  not 
be  a  simple  function  of  its  dimensions. 

From  the  values  of  R  and  T  determined  experimentally, 
T/pR 2  and  Rp/p  were  calculated  and  plotted  logarithmically 
in  Figure  2. 


Experimental 

The  following  data  were  determined  with  a  Stormer 
viscometer,  No.  1114,  equipped  with  a  flanged  cup  and  rotat¬ 
ing  cylinder. 

Seven  liquids,  whose  viscosities  varied  from  0.70  to  0.0059 
poise,  were  used.  Six  of  these  were  obtained  by  mixing  suitable 
quantities  of  a  viscous  and  a  fluid  mineral  oil.  The  viscosity  of 
each  mixture  was  determined  in  a  Bingham-type  capillary  vis¬ 
cometer  and  the  densities  were  measured  in  a  pycnometer.  The 
temperature  of  calibration  and  measurement  was  held  constant 
at  30°  C.  The  seventh  and  most  fluid  liquid  employed  was 
methyl  iodide  (p  =  0.0059  poise  at  0°  C.).  This  liquid  was 
measured  at  0°  C.  and  the  viscosity  and  density  at  this  tempera¬ 
ture  were  taken  from  the  International  Critical  Tables.  For 
each  liquid,  the  speeds  of  rotation,  R,  expressed  as  revolutions  per 
minute  were  determined  for  various  actuating  weights,  T,  in 
grams. 

By  adding  1.4  grams  to  the  value  of  the  actuating  weight,  the 
results  obtained  were  corrected  for  friction  in  the  instrument,  for 
the  length  of  string  unwound  by  the  falling  weight,  and  for  the 
weight  of  the  hook  on  which  the  actuating  weights  were  placed. 
This  correction  is  the  difference  between  the  weight  of  the  string 
and  hook  and  the  weight  necessary  to  cause  the  cup  to  revolve 
freely  in  air.  The  values  of  the  actuating  weight  shown  in 
Table  I  include  this  correction. 

The  Stormer  instrument  is  not  an  absolute  viscometer. 
The  outer  stationary  cup  is  provided  with  internal  flanges, 
a  thermometer  well,  and  other  projections,  while  the  internal, 


Discussion 

Inspection  of  Figure  2  shows  that  the  upper  left-hand  por¬ 
tion  of  the  curve  is  a  straight  line  having  a  negative  slope  of 
45°  as  predicted  by  Equation  9.  This  represents  the  region 
of  viscous  flow.  The  points  in  the  lower  portion  of  the  curve 
lie  on  a  line  possessing  a  definite  curvature.  The  transition 
between  the  linear,  viscous  portion  and  the  curved,  turbulent 
portion  is  smooth  and  gradual,  occurring  at  a  value  of  R  p  ip 
of  about  370. 

The  character  of  the  transition  is  different  from  that 
observed  in  passing  from  viscous  to  turbulent  flow  of  fluids 
in  pipes.  In  this  latter  case,  the  transition  is  very  abrupt, 
indeed  almost  discontinuous  in  character  (I).  The  transition 
observed  in  Figure  2,  however,  is  of  the  type  that  might  be 
expected  from  the  work  of  Taylor  (2),  who  found  that  for  the 
concentric  cylinder  type  of  viscometer  laminar  flow  was  re¬ 
placed  at  high  values  of  R  p/p  by  a  system  of  regular  vortices, 
occurring  at  definite  positions  in  the  apparatus.  In  circular 
pipes,  experiments  show  that  the  streamline  motion  is  re¬ 
placed  beyond  the  critical  Reynolds  number  by  a  random  and 
chaotic  distribution  of  irregular  eddies  of  an  entirely  different 
type.  At  very  high  values  of  Rp/p,  Taylor  found  that  the 
regular  vortex  system  breaks  down  into  an  irregular  turbu¬ 
lence  similar  to  that  produced  initially  in  pipes.  Thus,  the 
transition  from  an  ordered  streamline  motion  to  an  utterly 

random  turbulence  is  much 
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more  abrupt  in  flow  through 
pipes  than  between  rotating, 
concentric  cylinders. 

Figure  2  indicates  that  the 
transition  between  viscous 
and  turbulent  flow  always 
occurs  at  a  definite  value  of 
T/pR 2,  independent  of  the 
character  of  the  liquid  in¬ 
volved.  For  this  particular 
instrument,  the  value  is 
0.00165.  Hence,  knowing 
the  density  of  a  liquid,  it  is 
possible  to  determine  whether 
any  given  measurement  of  T 
and  R  lies  in  the  viscous  or 
turbulent  region. 

The  data  on  methyl  iodide 
are  of  interest  in  showing  the 
effect  of  density.  It  is  obvi¬ 
ous  from  Equation  1  that  in 
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Table  I. 

Experimental  Data 

(All  measurements  made  at  30°  C. 

except  liquid  7) 

Liquid  Viscosity 

P, 

Density 

t 

R 

II 

II 

Poise 

G./cc. 

Grams 

R.  p.  m. 

1  0.7000 

0.878 

31.4 

73 

0.00678 

91.6 

41.4 

98 

0 . 00494 

123.0 

46.4 

110 

0.00439 

138.0 

51.4 

123 

0.00390 

154.5 

56.4 

136 

0.00351 

170.7 

61.4 

148 

0.00321 

185.8 

66.4 

161 

0.00294 

202.1 

71.4 

173 

0.00273 

217.2 

81.4 

196 

0.00244 

246.0 

91.4 

220 

0.00216 

276.0 

96.4 

232 

0.00205 

291.1 

101.4 

245 

0.00194 

307.5 

106.4 

254 

0.00188 

318.8 

111.4 

265 

0.00181 

332.3 

116.4 

276 

0.00174 

346.4 

• 

121.4 

286 

0.00170 

359.0 

131.4 

307 

0.0016 

385.0 

141.4 

325 

0.00154 

408 

151.4 

339 

0.0015 

425 

2  T  0.2325 

0.866 

11.4 

74 

0.00245 

276 

21.4 

138 

0.00132 

514 

31.4 

192 

0.00099 

715 

41.4 

243 

0.000815 

905 

51.4 

293 

0.000695 

1,090 

61.4 

335 

0 . 000636 

1,247 

71.4 

380 

0.000574 

1,415 

81.4 

420 

0.000537 

1,564 

3  0.0942 

0.850 

5.9 

87 

0.000918 

785 

11.4 

148 

0.000623 

1,338 

16.4 

197 

0.000504 

1,780 

21.4 

245 

0.000426 

2,213 

26.4 

280 

0.000401 

2,530 

31.4 

322 

0.00036 

2,910 

36.4 

357 

0.000339 

3,223 

41.4 

397 

0.000312 

3,585 

4  0.0454 

0.833 

5.9 

131 

0.000414 

2,405 

11.4 

208 

0.000322 

3,820 

16.4 

273 

0.000257 

5,010 

21.4 

324 

0.000247 

5,950 

26  4 

380 

0.000222 

6,970 

31.4 

425 

0.000210 

7,800 

36.4 

465 

0.000203 

8,530 

41.4 

508 

0.000195 

9,310 

5  0.0273 

0.818 

5.9 

163 

0.000273 

4,885 

11.4 

252 

0.000224 

7,550 

16.4 

318 

0.000201 

9,530 

21.4 

377 

0.000186 

11,300 

26  4 

435 

0.000173 

13,040 

31.4 

480 

0.000168 

14,400 

36.4 

524 

0.000164 

15,700 

6  0.0159 

0.8034 

5.9 

191 

0.000202 

9,650 

11.4 

294 

0.000168 

14,850 

16.4 

364 

0.000157 

18,380 

21  4 

431 

0.000146 

21,750 

26.4 

488 

0.00014 

24,610 

31.4 

540 

0.000135 

27,270 

7  0.0059 

2  3303 

6.4 

142.5 

0.00014 

54,300 

lethyl 

11.4 

214 

0.000107 

84,500 

iodide 

21.4 

294 

0.00011 

1,110,000 

51.4 

484 

0.0000975 

1,840,000 

101.4 

681 

0.0000971 

2,600,000 

'able  II.  2.5  Per  Cent  Solution  of  Rubber  in  Methyl 

Iodide 

(Temperature,  5°  C.  Density  of  solution,  2.25) 


_  T  (from  Fig-  _  ^.2oR 

O  OKD2  0\  ^  E>  » 


T 

Grams 

R 

R.  p.  m. 

T/R 

J  '  2.25R2 

ure  2) 

* 

II 

«k 

21.4 

153 

0.14 

0.00038 

2550 

0.135 

31.4 

207 

0.147 

0.000312 

3600 

0.129 

41.4 

254 

0.163 

0.000276 

4500 

0.127 

51.4 

295 

0.174 

0 . 000255 

5200 

0.128 

61.4 

332 

0.185 

0 . 000242 

5800 

0.129 

71.4 

368 

0.194 

0.000229 

6500 

0.127 

81.4 

405 

0.201 

0.000217 

7300 

0.125 

91.4 

^=~  - 

438 

0.208 

0 . 000209 

8000 

0.124 
Av.  0.128 

ie  viscous  region  density  has  no  effect  on  the  relation  between 
and  R.  This  is  no  longer  true  in  the  turbulent  region.  If 
ie  density  is  neglected  in  calculating  f  and  RJ ,  the  resulting 
dues  indicated  on  Figure  2  by  the  solid  triangles  are  ob- 
tined.  These  points  clearly  do  not  lie  on  the  same  curve  as 
le  other  liquids.  On  correcting  for  the  density,  the  resulting 
dues  form  a  smooth  continuation  of  the  line  through  the 
lints  for  the  more  viscous  oils. 

As  an  example  of  the  use  of  Figure  2,  consider  the  data  of 
able  II  for  a  2.5  per  cent  solution  of  rubber  in  methyl  iodide. 


The  first  two  columns  give  the  experimentally  determined 
values  of  T  and  R.  The  progressive  increase  in  the  ratio 
of  T/R  shown  in  the  third  column  might  lead  one  to 
assume  an  increase  in  viscosity  with  rate  of  shear,  but  the 
explanation  is  of  course  that  the  liquid  is  in  turbulent  mo¬ 
tion.  This  is  shown  by  the  fact  that  the  smallest  value  of 
T/ pR 2  is  0.00038,  well  below  the  critical  value  of  0.0016. 
The  fourth  column  gives  the  calculated  value  of  f,  and  the 
fifth  column,  the  value  of  Re' ,  read  frotn  Figure  2.  The 
last  column  is  the  viscosity  calculated  by  Equation  5.  The 
average  is  0.128  poise  with  a  maximum  deviation  of  less  than 
6  per  cent. 

The  last  column  of  Table  II  might  be  interpreted  as  showing  a 
small  progressive  decrease  in  viscosity  with  increasing  rate  of 
shear  or  angular  viscosity.  This  behavior,  termed  anomalous 
viscosity,  is  often  shown  by  rubber  solutions.  However,  the 
small  percentage  change  in  viscosity  over  the  considerable  range 
of  R  makes  this  somewhat  unlikely.  The  variation  shown  prob¬ 
ably  indicates  the  accuracy  of  the  method.  Furthermore,  had 
the  viscosity  been  calculated  from  the  data  in  the  usual  way,  an 
increase  in  viscosity  with  rate  of  shear  would  have  been  observed 
(column  three  of  Table  II). 

It  is  apparent  from  an  inspection  of  Figure  2  that  the 
variation  of  f  becomes  progressively  smaller  as  Re'  increases 
to  large  values.  The  curve  indicates  that  at  sufficiently  high 
values  of  Re,  f  will  become  constant  and  therefore  the 
relation  between  T  and  R  will  be  independent  of  the  viscosity. 
It  follows,  therefore,  that  the  determination  of  the  viscosity 
from  measurements  made  in  the  turbulent  region  has  less 
and  less  precision  as  Re  increases.  However,  the  data  pre¬ 
sented  here  indicate  that  the  method  gives  results  reliable  to 
within  5  per  cent  for  ordinary  liquids  having  viscosities  ap¬ 
proximating  that  of  water. 

Figure  2  is  to  be  looked  upon  as  a  generalized  calibration 
curve  for  the  particular  instrument  employed  on  this  in¬ 
vestigation.  By  the  use  of  a  relatively  small  number  of 
liquids  of  known  viscosities  and  densities  it  is  a  simple  matter 
to  construct  a  similar  diagram  for  any  concentric  cylinder 
viscometer,  using  the  method  outlined  above.  Once  the 
diagram  has  been  constructed,  one  determination  of  T  and 
R  is  sufficient  to  determine  the  viscosity,  irrespective  of 
whether  the  liquid  is  in  viscous  or  turbulent  motion.  It  is 
therefore  feasible  to  make  all  measurements  under  one  con¬ 
dition — i.  e.,  at  a  constant  value  of  the  actuating  weight  in 
the  case  of  the  Stormer  or  a  constant  r.  p.  m.  for  the  Mac- 
Michael,  with  a  corresponding  gain  in  convenience  and  ease 
of  operation. 

Nomenclature 

T  =  torque  or  actuating  weight  on  Stormer  viscometer 
R  =  angular  velocity  or  revolutions  per  minute  of  rotating 
cylinder  of  Stormer  viscometer 
k,  K  =  constants 

di  =  diameter  of  inner  cylinder 
d>  =  diameter  of  outer  cylinder 

L  =  length  of  cylinder  over  which  viscous  drag  is  being 
measured 

p.  —  viscosity,  poises 
p  =  density,  grams  per  cc. 

/  =  friction  factor  =  d^LpRi 

Rc  =  Reynolds  number  = 

<i>  =  functional  relationship 
f  =  T/pR 2  =  specific  friction  factor 
Re'  =  Rp/p  =  specific  Reynolds  number 
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Estimation  of  Milk  Solids  in  Bread 

CHARLES  HOFFMAN,  T.  ROBERT  SCHWEITZER,  and  GASTON  DALBY 
Research  Laboratory,  Ward  Baking  Company,  New  York,  N.  t . 


THE  increased  commercial  use,  in  bread,  of  high  percent¬ 
ages  of  milk  solids,  both  whole  and  skimmed,  has  stimu¬ 
lated  interest  in  the  quantitative  determination  of  milk  in 
bread.  This  work  was  undertaken  several  years  ago  to  de¬ 
velop  a  reasonably  rapid  and  practical  method  for  this 
determination. 

Until  recently  little  has  been  published  on  this  subject. 
Munsey  (S)  has  described  the  estimation  of  milk  solids  by  a 
determination  of  the  fat  number,  but  this  method  does  not 
give  accurate  results  when  skimmed  milk  only  or  partially 
skimmed  milk  is  present.  The  Hartmann  and  Hillig  (#) 
citric  acid  method  has  also  been  reported.  As  citric  acid  is 
present  in  small  quantities  in  milk,  the  analytical  error 
doubtless  is  magnified  considerably  when  milk  solids  are 
calculated  from  the  citric  acid  present.  The  method  to  be 
described  is  based  on  the  determination  of  lactose  and  the 
estimation  of  butterfat  using  the  Reichert-Meissl  number, 
and  applies  to  skim-milk  solids  as  well  as  whole-milk  solids. 
It  has  been  in  practical  use  for  several  years  and  has  given 
results  which  are  accurate  for  all  practical  purposes. 

Procedure 

Remove  the  crust  of  the  bread,  air-dry  the  crumb,  then  grind 
sufficiently  to  pass  a  20-mesh  sieve.  Digest  50  grams  of  the 
prepared  material  in  400  cc.  of  distilled  water  at  about  40°  C. 
for  3  hours,  and  transfer  the  mixture  to  a  large  centrifuge  tube. 
Centrifuge  and  decant  the  liquid  portion  into  a  1 -liter  volumetric 
flask.  Wash  the  residue  four  times,  using  75  cc.  of  distilled  water 
each  time,  and  separate  solids  by  centrifuging.  Decant  after 
each  washing  and  add  the  liquid  portion  to  the  first  extract. 
Add  35  grams  of  Baker’s  compressed  yeast  (suspended  in  a  small 
amount  of  water),  0.5  gram  of  ammonium  sulfate,  and  0.2  gram  of 
sodium  bisulfite,  and  let  stand  overnight  at  room  temperature 
stoppered,  but  with  a  vent  for  the  escape  of  carbon  dioxide. 
The  ammonium  sulfate  is  used  as  a  yeast  stimulant,  and  the 
sodium  bisulfite  retards  bacterial  action. 

After  standing  overnight  add  20  cc.  of  copper  sulfate  solution 
(regular  Fehling’s  A)  and  sufficient  sodium  hydroxide  solution 
to  give  a  definite  blue  color  and  clarify  the  solution.  Make  up 
to  volume  in  the  liter  flask,  shake,  and  filter  through  a  good 
quality  filter  paper.  Take  50  cc.  of  the  filtrate  and  determine 
lactose,  using  the  standard  Munson  and  Walker  gravimetric 
method. 

Fifty  cubic  centimeters  of  the  filtrate  are  equivalent  to 
2.590  grams  of  bread  after  the  correction  for  the  yeast  is 
made.  The  fat-free  milk  solids  are  calculated  from  the 
percentage  of  lactose  found,  and  average  50  per  cent  lactose 
with  only  slight  variations.  Therefore  twice  the  percentage 
of  lactose  found  (after  calculation  to  the  dry  basis)  is  equal 
to  the  percentage  of  fat-free  solids  on  the  dry  basis  of  the 
bread.  The  accuracy  of  the  method  as  determined  against 
known  formulas  indicates  that  the  amount  of  lactose  at¬ 
tacked  by  the  yeast  is  negligible,  and  that  interfering  sugars 
are  completely  removed  by  the  yeast. 

In  order  to  test  the  accuracy  of  the  method,  breads 
were  baked  with  varying  quantities  of  fat-free  milk  and 
analyses  obtained  thereon  as  given  in  Table  I. 

The  total  fat  present  in  the  bread  is  determined  by  the 
standard  method  of  the  Association  of  Official  Agricultural 
Chemists  (7). 

Extract  the  fat  necessary  for  the  Reichert-Meissl  number 
determination  by  placing  200  to  300  grams  of  finely  ground  air- 
dried  bread,  depending  upon  the  fat  content,  in  a  2-liter  flask 
containing  1000  cc.  of  distilled  water  and  30  cc.  of  hydrochloric 
acid.  Digest  the  mass  by  boiling  for  1  hour  or  until  it  shows  good 


digestion,  and  add  10  grams  of  Filter-Cel.  Filter  through  a 
Buchner  funnel  containing  a  filter  paper  upon  which  is  a  thin 
pad  of  Filter-Cel.  Apply  suction  until  the  mass  is  fairly  dried. 
Transfer  the  residue  to  a  beaker,  stir  with  ether,  and  filter  again 
through  Filter-Cel  into  a  dry  flask.  Evaporate  the  ether,  and  if 
the  oil  is  clear  it  is  ready  for  the  Reichert-Meissl  number  deter¬ 
mination.  About  5  grams  of  fat  are  used  for  this  determina¬ 
tion,  as  is  usual  in  the  standard  Reichert-Meissl  method. 

The  average  oil  content  of  flour  on  the  dry  basis  is  0.7  per 
cent.  This  oil  has  a  Reichert-Meissl  number  of  1,  for  which 
allowance  must  be  made  in  estimating  the  amount  of  butter- 
fat  in  the  bread.  If  other  shortening  is  present,  an  allowance 
must  also  be  made  for  the  Reichert-Meissl  number  of  this  fat. 
The  normal  variation  to  be  expected  in  the  Reichert-Meissl 
number  of  butterfat  must  be  considered  also. 

Table  I.  Determination  of  Fat-Free  Milk  Solids  in 

Breads 

(Moisture- free  basis) 


Fat-Free  Milk  Solids  Fat-Free  Milk  Solids 


Calculated 

Found  by 

Calculated 

Found  by 

from  formula 

analysis 

from  formula 

analysis 

% 

% 

% 

% 

0.50 

0.52 

3.88 

4.04 

2.40 

2.58 

4.40 

4.56 

2.86 

3.06 

6.00 

5.95 

3.62 

3.56 

The  amount  of 

butterfat 

that  would  be 

present  if 

bread  contained  whole-milk  solids  is  calculated  from  the 
percentage  of  fat-free  milk  solids  found.  The  Reichert- 
Meissl  number,  after  correction  for  fats  other  than  butter¬ 
fat  present,  determines  whether  the  amount  of  butterfat  cal¬ 
culated  is  actually  present.  If  the  Reichert-Meissl  number 
does  not  indicate  any  butterfat,  skim-milk  solids  were  used 
in  the  manufacture  of  the  bread.  If  the  Reichert-Meissl 
number  indicated  only  part  of  the  butterfat  necessary  to 
balance  the  skim-milk  solids  in  the  ratio  of  skim-milk  solids 
to  butterfat  in  whole-milk  solids,  then  partially  skimmed 
milk  was  used.  The  factor  0.4115  multiplied  by  the  percent¬ 
age  of  skim-milk  or  fat-free  solids  gives  the  amount  of  butter¬ 
fat  necessary  to  balance  the  skim-milk  solids.  The  Reichert- 
Meissl  number  alone  without  a  determination  of  lactose  makes 
an  estimation  of  the  milk  solids  present  quite  uncertain. 


Table  II.  Analyses  of  Commercial  Whole-Milk  Breads'1 
(Moisture-free  basis) 

No.  1  No.  2  No.  3  No.  4  No.  5 

FatAree  milk  solids,  % 

5.76 

6.22 

6.86 

7.56 

5.56 

Total  fat,  % 

Estimated  butterfat  (fat- 
free  milk  solids  X 

3.98 

6.82 

6.44 

8.56 

4.84 

0.4115),  % 

2.37 

2.56 

2.82 

2.70 

2.29 

Reichert-Meissl  number 
Butterfat  estimated  from 
Reichert-Meissl  num¬ 

13.0 

11.5 

14.6 

10.2 

14.5 

ber,  % 

Whole-milk  solids,  % 

(fat-free  milk  solids  plus 
butterfat  estimated  from 

1.80 

2.60 

3.20 

2.90 

2.40 

fat-free  milk  solids) 

8.13 

8.78 

9.68 

10.26 

7.85 

a  For  these  calculations  the  Reichert-Meissl 
taken  as  28. 

number 

of  butterfat  was 
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Liquid  Butane  as  Motor  Fuel 

Corrosion  Test  Methods 


M.  M.  HOLM,  Standard  Oil  Company  of  California,  Richmond,  Calif. 


USE  of  liquid  butane  as  motor  fuel  involves  certain  prob¬ 
lems  in  refinement  and  handling  not  encountered  with 
heavier  fuels.  Origin  of  the  particular  problems  pertinent 
to  this  discussion  centers  in  the  specialized  equipment  re¬ 
quired  for  proper  vaporization  and  carburetion  of  the  liquefied 
gas.  Conventional  equipment  for  this  service  comprises  a 
pressure-regulating  valve,  a  heater,  and  a  butane-metering 
valve.  Presence  of  minute  traces  of  contaminants  in  the  fuel 
eventually  results  in  improper  functioning  of  this  equipment. 
In  many  cases  the  concentration  of  interfering  material  may 
be  so  low  as  to  defy  detection  by  ordinary  methods  of  analysis. 

Contaminants  may  be  grouped  conveniently  as  insoluble 
scale  and  dirt;  butane-soluble,  noncorrosive,  nonvolatile 
material;  and  material  which  is  corrosive  to  metal  equipment 
under  service  conditions.  Insoluble  scale  and  dirt  present 
no  great  problem  since  they  are  normally  removed  by  a  metal 
screen  placed  in  the  liquid  fuel  line  ahead  of  the  pressure¬ 
regulating  valve.  On  the  other  hand  dissolved  nonvolatile 
material,  such  as  pipe-threading  compounds  and  valve 
lubricants,  even  though  not  corrosive,  has  a  tendency  to 
collect  at  points  of  low  gas  velocity  in  the  metering  valve, 
eventually  contributing  to  improper  seating.  Particularly 
objectionable  is  the  corrosive  type  of  contaminant,  since  it 
not  only  destroys  the  equipment  but  interferes  with  satis¬ 
factory  operation  before  complete  failure  occurs. 

Any  test  procedure  for  determining  quality  of  a  given 
fuel  should  be  rapid  and  simple,  and  give  results  which  can 
be  interpreted  in  terms  of  actual  service.  It  is  believed  that 
such  a  procedure  has  been  devised  for  the  specific  problem  out¬ 
lined. 

Method 

In  principle  the  method  involves  inspection  of  minute 
quantities  of  metals  which  have  been  exposed  to  large  quanti¬ 
ties  of  the  test  fuel  under  conditions  representative  of,  or  more 
severe  than,  normal  service.  To  facilitate  rough  visual  com¬ 
parisons  and  to  provide  a  large  contact  surface,  the  metals 
are  prepared  in  the  form  of  thin  copper  or  silver  mirrors  on 
glass.  Use  of  both  types  of  mirror  is  usually  desirable,  the 
former  being  representative  of  the  metal  in  the  conventional 
butane  heater  and  the  latter  having  the  advantage  of  pro¬ 
nounced  change  in  appearance  in  presence  of  even  the  slightest 
trace  of  corrosive  sulfur.  Copper  mirrors  are  prepared  by 
reduction  of  cupric  ammonium  hydroxide  solution  with 
phenylhydrazine  (2).  Silver  mirrors  are  prepared  by  the 
conventional  Brashear  formula  (1 ),  using  sugar  as  the  reducing 
agent. 

A  sketch  of  apparatus  suitable  for  contacting  the  mirrors 
with  the  fuel  in  question  is  shown  in  Figure  1.  Essential 
units  comprise  a  steam-heated  vaporizer,  a  25-cm.  (10-inch) 
section  of  1.9-cm.  (0.75-inch)  gage  glass  encased  in  a  slotted 
metal  holder,  and  an  orifice  gas  meter.  All  parts  coming  into 
contact  with  either  liquid  or  vaporized  fuel  must  be  corrosion- 
proof.  Chrome-nickel  steel  is  suitable  for  metal  parts.  Any 
gasket  material  used  in  making  up  tight  connections  should 
be  of  such  composition  that  contamination  of  the  fuel  is 
impossible.  Asbestos  is  a  satisfactory  packing  for  sealing  the 
gage  glass  in  its  metal  holder. 

In  operation  the  metal  test  mirrors,  supported,  for  example,  on 
glass  pearls,  are  packed  into  the  gage  glass,  and  the  gage-glass 


holder  is  connected  to  the  vaporizer  and  the  orifice  meter.  A 
weighed  75-liter  (20-gallon)  cylinder  of  the  test  fuel  is  in¬ 
verted  to  permit  withdrawal  of  liquid  and  connection  is  made  to 
the  vaporizer.  Steam  is  turned  on  and  superheated  fuel  con¬ 
taining  the  suspected  contaminant  is  passed  over  the  test  mirrors. 
Rate  of  fuel  charge  varies  from  about  5  to  25  kg.  (10  to  50  pounds) 
per  hour.  Total  quantity  charge  may  be  as  low  as  0.5  or  1  kg. 
(1  or  2  pounds),  but  with  most  fuels  it  is  desirable  to  charge  10 
kg.  (20  pounds)  or  more.  Exact  rate  and  total  quantity  are  gov¬ 
erned  by  the  appearance  of  the  mirrors,  care  being  taken  to 
limit  any  darkening  or  other  evidence  of  corrosion  to  metal  in 
the  first  7.5-  to  10-cm.  (3-  or  4-inch)  section  of  the  gage  glass. 
For  making  these  adjustments,  a  control  valve  is  provided  in  the 
line  between  the  gage  glass  and  orifice  meter.  Temperature  in 
the  line  immediately  following  the  gage  glass  is  maintained  at 
120°  C.  (250°  F.),  control  being  the  steam  pressure  applied 
to  the  vaporizer.  After  a  suitable  quantity  of  fuel  has  been 
charged,  the  feed  valve  is  closed  and  the  cylinder  is  disconnected 
and  again  weighed.  The  gage  glass  is  then  removed  from  its 
holder  for  close  inspection  of  the  test  mirrors. 

Discussion 

Many  fuels  are  perfectly  clean;  so  when  the  test  is  com¬ 
pleted  the  mirrors  are  bright,  showing  no  evidence  of  oil,  scum, 
or  color  change.  The  nonvolatile,  noncorrosive,  butane- 
soluble  type  of  contaminant  is  readily  detected  by  the  ap¬ 
pearance  of  an  oil  or  scum  on  the  mirror  surfaces.  When  the 
corrosive  type  of  contaminant  is  present  a  rapid  change  in 
color  is  noted — for  example,  darkening  is  noted  in  a  few 
minutes  with  fuel  containing  0.000001  per  cent  of  elementary 
sulfur. 


Fuel  may  usually  be  rated  as  satisfactory  or  unsatisfactory 
on  the  basis  of  mere  visual  inspection  of  the  test  mirrors.  In 
cases  where  qualitative  identification  of  the  contaminant  is 
required,  the  microanalytical  procedure  to  be  followed  will 
naturally  depend  upon  the  appearance  of  the  mirrors  and 
any  clues  provided  by  previous  history  of  the  sample.  For 
example,  presence  of  valve  lubricant  in  some  fuel  samples  has 
been  proved  by  determining  saponification  number  and  wax 
content  of  the  oily  scum.  Likewise,  with  another  fuel  sus¬ 
pected  of  sulfur  contamination,  the  suspicion  was  proved 
correct  by  decomposition  of  the  darkened  copper  mirror  with 
zinc  and  hydrochloric  acid  and  detection  of  hydrogen  sulfide 
in  the  gas  evolved. 

With  certain  fuels  it  may  be  desirable  to  supplement  quali¬ 
tative  identification  of  the  contaminant  with  critical  de¬ 
termination  of  the  quantity  present.  Such  determination  is 
feasible  by  conventional  methods  only  when  the  proportion 
is  relatively  large — for  example,  0.0001  per  cent  by  weight  or 
greater.  However,  a  semi-quantitative  index  of  the  concen- 
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tration  of  the  corrosive  type  of  contaminant  may  be  obtained 
from  an  estimate  of  the  surface  corroded  and  the  known  thick¬ 
ness  of  the  mirror.  Thickness  of  mirrors  usually  varies  from 
about  3  X  10~6  to  20  X  10-6  mm.  ( 1 ).  Obviously  no  general 
rule  can  be  laid  down  as  to  the  depth  of  film  which  an  unknown 
corroding  agent  will  penetrate.  In  the  above-mentioned 
experiment  where  sulfur  contamination  was  proved,  the  cop¬ 
per  mirror  was  about  20  X  10 “6  mm.  thick  and  average  pene¬ 
tration  of  the  corroding  agent  was  to  a  depth  of  only  5  X  10  _6 
mm.  It  is  suggested,  therefore,  that  mirrors  of  minimum 
thickness  be  employed  in  tests  where  more  than  qualitative 
information  is  desirable.  By  use  of  thin  mirrors  it  is  possible 
to  make  a  semi-quantitative  estimate  of  the  concentration  of 
corrosive  type  of  contaminant  when  the  order  of  magnitude 
is  only  10“ 7  per  cent  by  weight. 

Experience  with  the  test  procedure  outlined  indicates  that 
thoroughly  satisfactory  results  with  a  liquefied  gaseous  motor 
fuel  will  be  obtained  only  if  extreme  care  is  taken  to  avoid 
contamination  in  manufacture,  transportation,  and  transfer 
to  customer’s  equipment.  The  following  warning  instructions 
are  suggested : 


1.  All  fuel  tank  openings,  as  well  as  vapor  and  liquid  transfer 
hoses,  should  be  capped  when  not  in  actual  use. 

2.  When  coupling  hoses,  care  should  be  exercised  to  prevent 
entrance  of  any  dust — it  may  be  corrosive. 

3.  Rubber  fining  in  transfer  hoses  should  be  avoided  because 
of  possible  sulfur  leaching.  Flexible  all-metal  hoses  or  DuPrene- 
lined  hoses  are  preferred. 

4.  Valve  lubricants  should  not  be  used.  Although  certain 
types  are  hydrocarbon-insoluble  in  the  usual  sense  of  the  term, 
the  solubilities  are  sufficient  to  cause  trouble  in  the  present 
service. 

5.  Welded  pipe  connections  are  preferred.  In  cases  where 
threaded  connections  are  unavoidable,  joint  dopes  should  be 
used  sparingly  with  attention  given  to  prevent  them  from  enter¬ 
ing  the  fuel  system. 
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Modification  of  the  Suspended-Level  Viscometer 

E.  H.  PAYNE  AND  CLARKE  C.  MILLER,  Standard  Oil  Co.  (Indiana),  Wood  River,  Ill. 


IN  1933  Ubbelohde  U)  published  his  researches  on  the 
development  of  the  suspended-level  viscometer,  and  in 
1935  FitzSimons  (1)  described  certain  changes  and  acces¬ 
sories  which  made  the  instrument  more  suitable  to  the  par¬ 
ticular  requirements  of  the  petroleum  industry  for  accurate 
and  speedy  viscosity  measurements.  While  this  stage  of 
development  has  been  found  to  be  satisfactory,  independent 
study  of  constructional  and  operating  details  by  the  authors’ 
laboratory  has  brought  out  further  modifications  in  the  sus¬ 
pended-level  viscometer  which  have  been  found  advantageous 
in  routine  viscosity  determinations,  as  well  as  research  work. 
It  is  the  purpose  of  this  paper  to  discuss  these  features. 

Modified  Suspended- Level  Viscometer 

The  viscometer  shown  in  Figure  1  consists  of  two  pipet-like 
bulbs,  A,  connected  to  two  capillaries,  B,  of  different  radii  and 
sealed  to  U-tube  oil  reservoir  C.  Tubes  D  and  E  serve  as  air 
vents  for  producing  the  suspended  level.  Leading  into  the 
U-tube  oil  reservoir,  C,  is  the  helical  tube,  F,  through  which  the 
viscometer  can  be  filled  from  the  bottom.  The  entire  viscometer 
is  sealed  into  vapor  bath  G  which  is  heated  by  vapors  from  a  pure 
liquid  compound  boiling  in  bulb  H.  The  vapors  surround  the 
entire  viscometer,  maintaining  a  uniform  temperature  through¬ 
out.  Vapors  escaping  from  the  vapor  bath  are  condensed  in 
condenser  I  and  returned  to  bulb  H  through  the  fine,  J .  The 
liquid  in  bulb  H  is  heated  by  any  convenient  means  but  prefer¬ 
ably  by  an  electric  heater,  K.  The  temperature  of  the  bath  is 
determined  by  means  of  a  thermometer  (not  shown)  placed  in 
the  vapor  space,  and  the  temperature  can  be  regulated  and 
maintained  constant  at  any  desired  point  by  either  the  applica¬ 
tion  of  pressure  or  vacuum. 

The  capillary  and  air  vent  tube  are  connected  by  means  of 
rubber  tubing  to  a  rigid  metal  manifold,  L,  which  has  been  found 
to  be  advantageous  when  filling,  operating,  and  cleaning  the 
viscometer. 

Operation.  All  stopcocks  on  the  manifold,  L,  are  closed 
except  1  and  2.  Gentle  suction  is  applied  at  1,  and  the  clear  oil 
to  be  tested  is  sucked  in  at  the  bottom  connection,  6,  until  the 
U-tube  reservoir,  C,  is  about  two-thirds  full.  The  bottom  con¬ 
nection,  6,  is  closed,  suction  is  withdrawn  from  1,  leaving  this  cock 
open  to  the  air,  and  the  oil  is  allowed  to  come  to  the  temperature 
of  the  bath.  Tube  E  is  provided  with  a  second  thermometer  for 
determining  when  the  oil  is  at  proper  temperature  for  test. 

Stopcock  2  is  closed  and  the  oil  drawn  into  the  desired  capillary 
by  gentle  suction  at  either  4  or  5.  When  the  oil  reaches  the  small 


bulb,  M ,  the  suction  is  withdrawn,  stopcock  3  is  opened  to  the 
air  to  form  the  suspended  level,  and  the  flow  of  oil  timed  be¬ 
tween  the  two  marks  xi  and  of  large  bulb  A.  As  many  check 
determinations  as  desired  can  be  made  by  repeating  the  above 
procedure,  without  removing  the  oil  from  the  viscometer. 

The  viscometer  is  cleaned  by  draining  the  oil  out  through 
stopcock  6.  The  entire  viscometer  is  washed  out  with  any  suit¬ 
able  low-boiling  solvent  by  filling  from  the  bottom,  and  using 
the  manifold  connections  as  described.  Two  washes  are  suf¬ 
ficient  and  after  the  final  wash  has  drained,  the  entire  viscome¬ 
ter  is  dried  out  by  blowing  warm,  dry  filtered  air  through  all 
cocks  and  portions  of  the  viscometer  proper. 

Calibration  of  Suspended- Level  Viscometers 

In  Terms  of  Kinematic  Viscosity.  The  literature  (4) 
and  ( 1 )  describe  the  method  of  calculating  a  correlation 
equation  for  kinematic  viscosity  in  terms  of  efflux  time,  based 
upon  accurately  measured  dimensions  of  the  instrument. 
However,  the  authors’  preferred  method  of  calibration  is 
against  three  or  preferably  more  oils  of  known  and  representa¬ 
tive  kinematic  viscosity  at  convenient  temperatures,  the 
results  of  which  may  be  correlated  in  an  equation  of  the  form 

kinematic  viscosity  =  At  —  B/t  (1) 

where  t  equals  efflux  time  in  the  suspended-level  instrument, 
and  A  and  B  are  instrumental  constants  established  by  collect¬ 
ing  sufficient  data  to  cover  the  desired  range  of  viscosity. 
Herschel  (2)  has  used  a  Higgins  (S)  plot  of  the  variables 

kinematic  _ 1 _ 

efflux  time  versus  (efflux  time)2 

to  arrive  at  these  constants  for  the  various  technical  efflux 
viscometers,  and  a  like  procedure  may  be  used  here.  Alter¬ 
natively,  since  it  is  usually  desirable  to  have  the  calibration 
equation  fit  the  low  viscosity  calibration  data  most  closely, 
a  procedure  somewhat  resembling  the  method  of  least  squares 
may  be  applied;  however,  departing  from  the  conventional 
method  in  the  use  of  normal  equations  in  the  form 

kinematic  _  ,  , _ B 

efflux  time  ~  ‘  '  (efflux  time)2 
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kinematic  =  A  (efflux  time)  -| — == - : —  (3) 

efflux  time 

It  is,  of  course,  characteristic  for  the  algebraic  sign  of  B  to 
solve  as  negative.  This  method  of  correlation  has  the  ad¬ 
vantage  over  the  usual  least  squares  method  in  that  not  only 
do  the  deviations  in  terms  of  kinematic  viscosity  balance, 
but  also  the  fractional  (or  percentage)  deviations. 

In  Terms  op  Saybolt  Universal  Viscosity.  While  the 
above  method  of  correlating  permits  calculation  and  tabula¬ 


tion  of  kinematic 
viscosity  in  terms 
of  efflux  times 
with  a  given  in¬ 
strument,  it  is 
customary  in 
American  petro¬ 
leum  labora¬ 
tories  to  refer  to 
Saybolt  Univer¬ 
sal  viscosity  at 
the  same  tem¬ 
perature.  Refer¬ 
ence  must  there¬ 
fore  be  had  to 
two  equations  or 
tabulations,  to 
transpose  from 
suspended  -  level 
time  to  kine¬ 
matic  viscosities, 
and  thence  to 
Saybolt  Univer¬ 
sal  viscosity. 

However,  it  is 

a  convenient  preliminary  step,  with  calibration  oils  of  known 
kinematic  viscosities,  to  calculate  the  corresponding  Say¬ 
bolt  Universal  seconds  equivalent,  and  correlate  the  latter 
variable  directly  (although  empirically)  with  suspended- 
level  viscometer  seconds  on  the  same  oils,  using  a  procedure 
resembling  the  method  of  least  squares,  according  to  the 
normal  equations: 


Figure  2.  Details  of  Viscometer 


Savbolt 

.  ,  B  ,  C 

(4) 

t 

-  A  +  r  +  ? 

Saybolt 

- M+B+ r 

(5) 

(Saybolt)  (t) 

=  AV-  +  Bt  +  C 

(6) 

A  single  table  can  then  be  prepared  which  eliminates  the 
step  of  reference  through  the  intermediate  variable  of  kine¬ 
matic  viscosity.  The  instrumental  constants  A,  B,  and  C 


Figure  1.  Diagram  of  Viscometer 


Battery  of  Viscometers 
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are,  of  course,  different  from  those  of  Equations  1  to  3, 
inclusive. 

Effect  of  Thermal  Expansion  on  Calibration  Equa¬ 
tion.  It  can  be  shown  by  dimensional  analysis  that  in  the 
case  of  a  Pyrex  glass  capillary  viscometer  calibrated  at  37.78° 
C.  (100°  F.)  on  known  oils,  and  then  used  for  routine  measure¬ 
ments  at  98.89°  C.  (210°  F.),  the  calibration  equation  should 
theoretically  be  modified  to 

kinematic  viscosity  =  1.0002  Aioo  t  —  - - - 

However,  within  proper  limits  of  design  and  operation,  net 
error  by  using  a  Pyrex  viscometer  interchangeably  at  these 
two  temperatures  (by  using  different  heating  media)  is  less 
than  one  part  in  5000,  and  hence  negligible  in  practical  work, 
as  compared  to  other  possible  sources  of  error.  In  applying 
a  calibration  equation  over  considerably  wider  temperature 
ranges,  thermal  expansion  deserves  study,  as  it  may  become 
important. 

Advantages 

The  advantages  in  the  use  of  the  modified  suspended-level 
viscometer  are: 

Rigid  Metal  Manifold  and  the  Bottom  Connection. 
From  the  standpoint  of  routine  viscosity  work  by  nontech¬ 
nical  operators,  the  importance  of  permanently  connecting 
all  the  tubes  at  the  top  of  the  viscometer  with  rubber  hose 
to  a  rigid  metal  manifold,  such  as  that  previously  described, 
cannot  be  overemphasized.  It  is  by  means  of  the  rigid  metal 
manifold  and  the  bottom  connection  that  all  filling,  operating, 
and  cleaning  operations  are  carried  out  in  a  viscosity  deter¬ 
mination.  In  other  words,  it  amounts  to  transferring  the 
operations  from  glass  largely  to  metal,  thereby  eliminating 


the  hazards  of  making  hose  connections  in  order  to  carry  out 
each  viscosity  determination.  Once  the  manifold  is  con¬ 
nected  it  remains  so  throughout  the  life  of  the  rubber  hose. 

The  bottom  connection,  in  addition  to  affording  a  con¬ 
venient  means  of  filling  and  cleaning  in  conjunction  with  the 
manifold,  serves  as  a  means  of  easy  and  quick  adjustment  of 
the  oil  in  the  U-tube  oil  reservoir  in  case  too  much  oil  has  been 
added. 

Thermometer  in  Oil  Reservoir.  The  use  of  a  second 
thermometer  in  the  oil  reservoir  to  indicate  when  oil  is  at 
the  desired  temperature  for  test  has  been  found  advantageous 
as  to  both  speed  and  accuracy  in  a  viscosity  determination. 

Further,  the  use  of  a  second  thermometer  serves  to  guard 
against  a  source  of  error  not  generally  recognized — an  increase 
in  oil  temperature  above  that  of  the  vapor  bath  caused  by  the 
absorption  of  strong  rays  of  light  from  solar  or  electric  illumi¬ 
nation.  A  rise  of  from  0.1°  to  0.3°  F.  has  been  observed, 
depending  upon  the  intensity  of  the  light  and  the  color  of  the 
oil. 

Disadvantages 

Unfortunately  the  suspended-level  viscometer  is  not  par¬ 
ticularly  suited  for  black  oils,  because  of  difficulty  in  observing 
the  meniscus. 
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A  Centrifugal  Filtration  Tube 
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CENTRIFUGAL  filtration  is  recognized  as  a  rapid  and 
efficient  method  of  freeing  crystals  from  adhering  liquid, 
but  the  use  of  a  basket  centrifuge  for  this  purpose  is  often 
impracticable  with  small  amounts  of  material.  Centrifugal 
filtration  tubes  for  handling  such  small 
amounts  have  been  described  by  Skau  {1,2). 

In  these,  the  filtering  disk  rests  on  a  circular 
constriction  in  the  centrifuge  tube;  two  of 
the  three  modifications  discussed  also  have 
ground-glass  joints. 

In  the  accompanying  illustration  is 
shown  a  simple  centrifugal  filtration  tube 
designed  by  the  writers.  Although  it  can  be 
used  for  fewer  purposes  than  those  described 
by  Skau,  it  is  sturdy,  free  from  ground- 
glass  joints  and  constrictions,  and  is  readily 
adaptable  to  any  tube  centrifuge.  The  ordi¬ 
nary  tube  of  the  centrifuge  is  fitted  with 
a  filtering  crucible,  a  perforated  support,  and 
a  container  for  receiving  the  filtrate.  The 
tube  is  closed  by  a  rubber  stopper,  square- 
shouldered  to  prevent  wedging.  The  heavy 
glass  receiving  container  fits  loosely  into  the 


tube,  and  is  cushioned  on  a  rubber  pad.  The  top  of  this 
container  is  ground  to  support  evenly  the  perforated  disk, 
which  also  is  ground  to  remove  irregularities.  A  small  wire 
loop  is  attached  to  the  disk  near  the  edge,  so  it  can  be 
readily  removed.  The  filtering  crucible  may  be  a  porous- 
bottomed  crucible,  a  Gooch  crucible  with  or  without  a  filter 
paper,  or  a  tube  with  a  fritted-glass  bottom. 

Filtration  is  made  at  any  desired  temperature  by  bringing 
the  apparatus  to  that  temperature,  quickly  transferring  the 
wet  crystals  to  the  crucible,  and  centrifuging  for  about  5 
minutes.  An  estimation  of  the  amount  of  crystals  obtained 
is  readily  had  by  transferring  the  filtering  crucible  and  its 
contents  to  a  weighing  bottle  and  weighing.  The  crystals 
are  then  removed  and  a  second  weighing  is  made.  This  gives 
the  weight  of  the  material  by  difference,  and  no  error  is  intro¬ 
duced  by  any  liquid  which  may  be  retained  by  the  porous 
bottom  of  the  crucible. 
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Estimation  of  Cuprous  Oxide,  Cupric  Oxide, 

and  Copper  in  Mixtures 

A  Microscopical  Method 


S.  ZERFOSS  AND  M.  L.  WILLARD,  The  Pennsylvania  State  College.  State  College.  Pa. 


IN  CERTAIN  industrial  processes,  mixtures  of  the  oxides 
of  copper  and  copper  metal  occur  as  by-products,  and  have 
i  commercial  value  based  upon  their  cuprous  oxide  content. 
Vlacroanalytical  methods  have  been  unsatisfactory  for  arriv- 
ng  at  even  proximate  analyses  of  these  mixtures,  but  a  sta- 
istical  microscopic  method  has  been  found  to  give  a  fair  es- 
imate  of  their  composition.  A  method  of  counting  was  em- 
iloyed  similar  to  that  discussed  by  Chamot  and  Mason  (I), 
vhich  involves  counting  the  number  of  similarly  sized  par¬ 
ades  of  each  component,  thus  rendering  measurements  of 
i'olume,  weight,  and  reference  substance  unnecessary.  The 
aethod  has  been  successfully  applied  to  textiles,  paper,  and 
jertain  powdered  minerals. 

In  employing  a  statistical  method,  it  is  necessary  to  de- 
elop  some  simple  method  of  distinguishing  between  the  com- 
'Onents  in  a  mixture,  in  order  to  facilitate  the  counting. 
Characteristics  of  the  components  in  question  are  listed  in 
’able  I  (2,  3). 


Table  I. 

Characteristics  of  Components 

Action  of 
Dilute  Hydro- 

Mineral 

Color 

System 

nB 

chloric  acid 

uprous 

oxide 

Cuprite 

Bright  red 

Isometric 

6.0 

2.534 

White  coating 
of  cuprous 
chloride 

upric 

oxide 

Tenorite 

Iridescent 

black 

Triclinic 

6.4 

3  18 

Dissolves 
slowly  to  a 
green  solu¬ 
tion 

opper 

Metallic 

red 

Isometric 

8.89 

Dissolves 
very  slowly 

Two  methods  of  distinguishing  between  components  were 
framined — an  optical  method  and  a  chemical  method.  The 
istinction  between  components  by  the  optical  method  was 
ased  on  the  comparative  action  of  reflected  polarized  light 
pon  isometric  cuprous  oxide  and  triclinic  cupric  oxide, 
amples  of  the  two  components,  cupric  and  cuprous  oxides 
ground  to  100-mesh),  were  pressed  into  melted  Bakelite  with 
hydraulic  press  75  kg.  per  sq.  cm.  (1000  pounds  per  square 
ich).  Using  the  customary  mineralogical  technic,  the  prepa- 
itions  were  polished  and  examined  with  reflected  polarized 
ght.  The  tendency  of  the  particles  to  agglomerate  rendered 
lis  useless  as  a  statistical  method. 

The  distinction  between  the  components  by  the  chemical 
ethod  was  based  on  the  relative  action  of  dilute  hydrochloric 
?id  (15  per  cent)  on  the  three  components,  cuprous  oxide, 
xpric  oxide,  and  copper.  Copper  metal  is  unaffected  by  the 
lute  hydrochloric  acid.  Cuprous  oxide  immediately  takes 
l  a  white  coating  of  cuprous  chloride  when  the  acid  is  ap- 
ied.  Cupric  oxide  is  unaffected  upon  immediate  applica¬ 
tion  of  acid  but  dissolves  slowly  on  standing.  This  phenome- 
m  renders  the  counting  simple.  The  three  components  ex¬ 
bit  the  following  colors:  copper,  bright  metallic  red:  cu- 
•ous  oxide,  creamy  white;  cupric  oxide,  iridescent  black, 
hey  are  best  observed  with  reflected  light,  using  a  white 
ickground  for  the  cupric  oxide  and  a  black  one  for  the  cu- 
•ous  oxide. 

Experimental 

A  counting  cell  was  made  from  a  brass  washer,  8  mm.  in  di- 
aeter  of  opening  and  2  mm.  deep,  which  was  sealed  to  a  micro- 
iopic  slide  with  water  glass.  Continuous  use  of  acid  in  this 


cell  is  not  advisable,  but  it  is  satisfactory  for  at  least  twenty 
estimations. 

Ten  milligrams  of  the  sample  (100-mesh)  are  pla'ced  in  the 
cell,  six  drops  of  15  per  cent  hydrochloric  acid  are  added,  and  the 
mixture  is  stirred  with  a  fine  glass  rod  to  distribute  the  particles 
uniformly.  The  cell  should  be  about  level  full;  if  not,  a  drop 
more  of  hydrochloric  acid  is  added.  The  preparation  is  ex¬ 
amined  at  100  X  magnification.  The  direct  number  of  particles 
are  counted  in  each  field,  a  number  of  fields  being  counted.  A 
standard  size  particle  is  chosen  and  other  sized  particles  are  rated 
accordingly.  The  percentage  composition  is  computed  directly 
from  the  data.  This  disregard  of  volume  relationships  is  made 
possible  by  the  proximity  of  the  densities  of  the  various  compo¬ 
nents. 

This  method  was  applied  first  to  cuprous  oxide-cupric  oxide 
mixtures;  the  results  obtained  were  satisfactory  for  mixtures 
containing  less  than  50  per  cent  of  cuprous  oxide.  The  cupric 
oxide  is  more  friable  and  tends  to  be  more  finely  divided, 
which  makes  counting  more  difficult.  The  method  was  also 
applied  to  three-component  mixtures:  cuprous  oxide-cupric 
oxide-copper.  The  coimting  was  done  quickly  to  avoid  solu¬ 
tion  of  the  cupric  oxide  which  takes  place  if  the  mixture  is 
allowed  to  stand  too  long. 


Table  II.  Results  of  Method 


Copper 

Cupric  Oxide 

Cuprous 

Oxide 

Samples 

Present 

Found 

Present 

Found 

Present 

Found 

Known  Mixtures 

Ai 

30 

39 

5.3 

42.5 

17 

18.5 

A; 

40 

39 

40 

42.5 

20 

18.5 

As 

56 

54 

24 

29.0 

20 

17 

A, 

63 

60 

6 

10 

31 

30 

Unknown  Mixtures 

1 

12.6 

11 

63.7 

60.7 

24.4 

27.4 

2 

0 

0 

0 

0 

Pure 

100  % 

3 

0 

0 

Pure 

100  % 

0 

0 

4 

14 

15.2 

36 

38 

50 

46.8 

5 

9 

10.0 

38 

40 

53 

50 

6 

12 

14.0 

70.0 

67.0 

18.0 

18.3 

7 

16 

16.0 

42 . 5 

42.0 

41.5 

42.0 

Summary 

A  statistical  microscopic  method  for  the  estimation  of  the 
composition  of  mixtures  of  cupric  oxide,  cuprous  oxide,  and 
copper  is  presented,  based  upon  a  count  of  the  various  par¬ 
ticles  identified  by  their  chemical  properties. 

Estimation  can  be  made  within  5  per  cent  of  the  count 
value.  This  is  more  accurate  than  the  macroanalytical 
methods. 

The  time  factor  is  reduced  to  a  minimum. 
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The  Pendulum  as  a  Source  of  Energy  for 

Plasticity  Measurements 

IRA  WILLIAMS,  E.  I.  du  Pont  de  Nemours  &  Company,  Wilmington,  Del. 


Advancement  in  meth¬ 
ods  for  studying  the  con¬ 
sistency  of  rubber  during  the 
last  10  years  has  been  confined 
largely  to  various  modifications 
of  previous  tests  and  to  better 
interpretation  of  the  data  ob¬ 
tained. 

The  extrusion  plastometer  in¬ 
troduced  by  Marzetti  (11)  has 
been  modified  by  Behre  (1)  to 
provide  a  battery  of  instruments, 
by  Dillon  and  Johnston  ( 5 )  to 
provide  more  simple  apparatus 
capable  of  operating  at  increased 
rates  of  shear,  and  by  Dillon  (4) 
to  provide  an  instrument  for 
rapid  control  work.  The  parallel- 
plate  plastometer  (16)  has  re¬ 
ceived  numerous  modifications  of 
form.  DeVries  (2)  modified  the  plates  to  provide  a  constant 
area  of  contact  with  the  rubber.  This  modification  was  used  by 
van  Rossem  and  van  der  Meyden  (14)  who  stressed  the  necessity 
for  following  the  elastic  recovery  as  well  as  the  rate  of  compres¬ 
sion.  Karrer  (8)  pointed  out  the  need  for  controlling  the  time 
factor  during  compression  and  recovery  and  has  described  an  in¬ 
strument  (9)  with  which  each  measurement  requires  about  30 
seconds.  The  balance  plastometer,  which  employs  parallel 
plates,  was  described  by  Hoekstra  (7)  and  is  well  adapted  to  fol¬ 
lowing  the  elastic  recovery  after  the  rubber  has  been  compressed 
under  any  conditions  of  thickness  and  time.  A  parallel-plate 
instrument  with  interchangeable  parts  to  provide  various  methods 
of  applying  pressure  and  following  recovery  was  described  by 
Lefeaditis  (10).  The  relation  between  compression  and  the  ex¬ 
tent  of  recovery  has  been  considered  by  Dillon  (3),  who  concluded 
that  the  measurement  of  either  the  compression  or  the  elastic 
recovery  as  obtained  with  the  usual  parallel-plate  plastometer 
was  sufficient  if  the  comparison  was  confined  to  a  number  of 
batches  of  a  given  stock  or  type  of  rubber.  He  also  pointed 
out  that  elastic  recovery  depends  on  the  speed  of  the  previous 
deformation.  Hoekstra  (6),  after  considering  some  of  the  fac¬ 
tors  involved  in  plastic  flow,  concluded  that  elastic  recovery 


should  be  measured  only  after 
compression  of  the  rubber  to  a 
fixed  thickness.  The  general 
usefulness  of  the  parallel-plate 
plastometer  has  been  greatly 
increased  by  the  mathematical 
treatment  of  Peek  (13)  and  Scott 
(15). 

A  third  type  of  plastometer, 
consisting  of  a  disk  which  rotates 
in  compressed  rubber  while  the 
resistance  to  shear  is  measured, 
has  been  described  by  Mooney 
(12). 

General  Considerations 

Manufacturing  difficulties 
are  more  often  due  to  the  elas¬ 
ticity  of  rubber  than  to  its 
resistance  to  flow.  Materials 
such  as  lead  are  easily  extruded  or  rolled  into  a  form  which 
is  retained.  On  the  other  hand,  rubber,  after  being  de¬ 
formed,  never  retains  its  shape  perfectly  and  careful  control 
is  required  to  prevent  excessive  and  sometimes  irregular  def¬ 
ormation. 

The  volume  flow  per  unit  volume  of  a  material  is  unlimited. 
If  the  flow  takes  place  in  an  orderly  manner,  such  as  that 
resulting  from  compression  between  parallel  plates,  the  total 
displacement  and  shear  can  be  determined.  If  the  flow  takes 
the  form  of  internal  rearrangement  without  change  of  external 
shape,  the  shear  and  displacement  usually  cannot  be  deter¬ 
mined.  An  example  of  the  latter  type  of  flow  is  the  mixing 
of  a  rubber  cement  by  a  paddle  immersed  in  the  cement. 
Both  types  of  flow  are  unlimited  in  extent  and  produce  either 
thorough  mixing  or  very  great  changes  in  shape. 

On  the  other  hand,  the  amount  of  elastic  strain  in  rubber  is 
definitely  limited  and  is  a  direct  result  of  shearing  resistance. 
The  frictional  resistance  between  either  elastic  particles  or 
plastic  and  elastic  particles  in  relative  motion  causes  the 
elastic  particles  to  be  strained.  The  strain  increases  for  any 
rate  of  shear  until  the  resulting  stress  is  equal  to  the  frictional 
resistance,  after  which  no  further  strain  can  be  produced. 
The  elastic  strain  will  then  reach  a  maximum  after  suffi¬ 
cient  shear  has  taken  place,  the  exact  amount  being  a  func¬ 
tion  of  the  elastic  properties  and  resistance  to  flow  of  the 
rubber. 

Since  recovery  depends  on  the  residual  elastic  strain  at  the 
time  flow  ceases,  it  follows  that  elastic  recovery  will  also  be 
some  function  of  the  resistance  to  flow  of  the  rubber.  The 
consistency  of  rubber  would  then  seem  to  be  determined 
equally  well  by  measuring  either  the  resistance  to  flow  or  the 
recovery.  This  may  be  approximately  true  if  only  one  grade 
of  rubber  is  considered.  When  different  types  of  compounded 
or  uncompounded  rubber  or  other  types  of  material  are  con¬ 
sidered,  the  relationship  between  resistance  to  flow  and  elastic 
strain  does  not  remain  constant.  For  this  reason,  it  is  neces¬ 
sary  to  determine  both  resistance  to  flow  and  elastic  recovery 
in  each  case.  The  measurement  of  elastic  recovery  should 
be  made  only  after  shear  sufficient  to  produce  an  equilib¬ 
rium  stress.  In  order  to  produce  a  reliable  index  to 
the  working  quality  of  the  material,  the  deformation  should 
produce  a  rate  of  shear  comparable  to  that  existing  in 
service. 


A  pendulum  of  known  potential  energy  is 
used  to  produce  a  definite,  rapid  deforma¬ 
tion  in  a  plastic  material.  The  damping 
effect  produced  on  the  pendulum  is  a  meas¬ 
ure  of  the  energy  expended  to  produce  the 
deformation.  The  elastic  recovery  follow¬ 
ing  the  rapid  deformation  is  much  greater 
than  that  obtained  with  the  ordinary  paral¬ 
lel-plate  instrument.  The  actual  measure¬ 
ment  of  the  energy  consumed  and  elastic 
recovery  requires  less  than  1  minute. 
Samples  should  be  brought  to  a  uniform 
temperature  by  preheating  for  at  least  10 
minutes  at  the  temperature  of  the  test. 
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Description  of  Apparatus 

The  energy  required  to  pro¬ 
duce  a  definite  deformation  can 
be  supplied  by  a  pendulum 
which  will  also  control  the  time 
within  limits.  The  quantity  of 
energy  required  can  then  be 
determined  from  the  damping 
effect  produced  on  the  pendu¬ 
lum.  The  general  form  of  such 
an  instrument  is  shown  in 
Figure  1.  A  pendulum,  W, 
of  known  potential  energy  is 
brought  to  rest  in  a  horizontal 
position.  When  released,  it 
actuates  a  cam,  C,  which  serves 
to  compress  the  rubber  between 
parallel  plates,  P.  After  the 
pendulum  reaches  the  lowest 
point  the  cam  rapidly  releases 
the  upper  plate  in  order  that 
the  elastic  recovery  may  be 
followed.  The  pendulum  con¬ 
tinues  its  swing  and  is  main- 
itained  in  position  at  its  maxi- 
num  height.  The  amount  of 
inergy  consumed  in  the  cycle 
s  proportional  to  the  cosine  of 
-he  angle  which  the  pendulum 
lescribed  in  its  upward  swing. 

The  instrument  which  has  been  designed  is  shown  in  Figure  2. 
The  pendulum  consists  of  two  weights  of  2630  grams  each,  the 
center  of  gravity  being  on  a  radius  of  7.3  cm.  Each  weight  is 
ittached  to  a  balance  wheel  of  3710  grams,  the  combined  moment 
>f  inertia  of  which  gives  the  system  a  period  of  0.6  second  for  a 
omplete  vibration.  The  shaft  connecting  the  two  balance 
vheels  carries  the  cam  which  actuates  the  upper  plate,  a  ratchet 
or  maintaining  the  position  at  any  point  on  the  upswing,  and  a 
am  which  works  against  a  dash-pot  and  lowers  the  system  to  the 
orrect  starting  position.  The  driving  cam  can  be  replaced  by 
ithers  of  different  shape  for  special  work.  The  weight  of  the 
ipper  plate  assembly,  under  which  the  recovery  must  take  place, 
3  300  grams.  To  compensate  for  the  mechanical  inefficiency  of 
he  system,  the  pendulum  is  dropped  from  2°  above  the  hori- 
ontal  position  and  a  complete  cosine  scale  is  inscribed  on  the  face 
f  one  balance  wheel  to  cover  the  upswing  from  the  low  point  to 
0  below  the  horizontal.  The  wheels  rotate  with  the  top  moving 
oward  the  rear. 

Operation  is  as  follows:  The  instrument  is  enclosed  in  an  oven 
diich  maintains  the  desired  temperature.  A  forward  position  of 
he  weights  permits  the  upper  plate  to  be  raised  sufficiently  for 
lserting  the  test  sample,  which  is  1  cc.  in  volume,  approxi¬ 
mately  10  mm.  long,  and  should  be  approximately  cylindrical, 
'he  sample  should  be  preheated  for  at  least  10  minutes  before 
jeing  tested.  The  weights  are  then  raised  to  the  highest  position 
•om  which  they  lower  slowly  under  control  of  a  cam  and  dash- 
ot  to  the  starting  position.  During  the  descent  of  the  weights 
J  the  horizontal,  the  sample  is  compressed  to  a  thickness  of  7 
im.  The  weights  are  then  released.  During  the  next  45°  rota- 
on  the  sample  is  compressed  to  a  thickness  of  1.25  mm.,  at 
hich  thickness  it  is  held  for  an  additional  45°  before  being  re¬ 
used.  The  cosine  of  the  angle  of  upswing  is  read  and  the  re- 
jvered  thickness  is  recorded  after  equilibrium  is  reached,  which 
ften  requires  less  than  15  seconds.  Highly  elastic  materials 
low  a  slow  elastic  creep  toward  the  end  of  their  recovery  which 
mounts  to  a  few  per  cent  of  the  total.  In  this  case  the  recovery 

usually  read  after  an  arbitrary  time. 

The  energy  consumed  should  vary  with  duplicate  samples 
y  not  more  than  ±  1  per  cent  and  the  recovery  should  fall 
ithin  ±5  per  cent  of  the  actual  recovered  height. 

The  enclosure  of  the  test  sample  between  sheets  of  paper 
in  be  the  cause  of  nonuniform  results.  The  sample  after 
impression  adheres  tightly  to  the  paper  and  must  deform 
|be  paper  in  order  to  recover  any  portion  of  its  former  shape. 


Heavy  paper  requires  a  large 
amount  of  energy  for  the  def¬ 
ormation  and  produces  irregu¬ 
larly  proj  ecting  wrinkles .  Thin, 
porous  paper  stretches  and  slips 
against  the  plates  during  com¬ 
pression  by  an  amount  which 
varies  with  the  resistance  of  the 
rubber  and  disturbs  the  type  of 
flow  produced.  If  paper  is  used, 
the  type  must  be  standardized, 
and  unmarked  cigaret  paper 
should  probably  be  preferred. 
Clean  test  pieces,  without  paper, 
talc,  or  other  lubricant,  unless 
excessively  tacky,  cause  no  diffi¬ 
culty.  Materials  such  as  asphalt 
and  wax  which  adhere  to  metal 
should  be  run  against  remov¬ 
able  thin  metal  plates,  since 
the  resistance  to  flow  of  these 
materials  at  high  rates  of  shear  is 
sufficient  to  tear  paper. 

The  amount  of  compression 
adopted  was  shown  by  experi¬ 
ment  to  produce  sufficient  flow 
to  provide  a  maximum  elastic 
recovery  for  most  samples  of 
rubber.  Very  soft  rubber 
tested  at  70°  C.  gave  a  maxi¬ 
mum  recovery  if  compressed 
from  any  thickness  greater  than  2.5  mm.,  while  tough  rubber 
required  compression  from  a  height  of  at  least  6  mm.  down  to 
the  final  thickness  of  1.25  mm. 

Table  I.  Change  in  Consistency  of  Rubber  with  Milling 


Pendulum  Plastometer,  Parallel-Plate  Plastometer, 

70°  C.  70°  C. 


Min¬ 

Available  Thickness 

Thickness  Recovered 

energy 

re¬ 

after 

thickness" 

utes 

con¬ 

cov¬ 

Re¬ 

5 

after  1 

Re¬ 

Milled 

sumed 

ered11 

covery 

minutes 

minute 

covery 

% 

Mm. 

% 

Mm. 

Mm. 

% 

5 

55.6 

6.85 

548 

5.35 

7.12 

33.1 

53.8 

6.40 

512 

54.5 

6.82 

546 

10 

51.0 

5.15 

410 

4.27 

5.47 

28.2 

50.2 

4.95 

396 

52.0 

4.98 

399 

15 

48.6 

4.57 

366 

3.95 

4.96 

25.6 

50.0 

4.34 

347 

49.0 

4.65 

372 

49.0 

4.52 

361 

20 

46.7 

2.73 

218 

3.71 

4.50 

21.3 

46.8 

3.10 

248 

48.0 

2.96 

237 

30 

46.7 

1.55 

124 

3.30 

3.81 

15.5 

45.8 

1.64 

131 

45.7 

1.55 

124 

46.7 

1.49 

119 

45 

44.8 

0.92 

73 

2.82 

3.26 

17.0 

44.8 

0.96 

77 

°  Thickness  recovered  is  the  increase  in  thickness  from  the  thickness  of 
greatest  compression.  Recovered  thickness  is  the  total  thickness  of  the 
sample. 

The  amount  of  energy  available  for  compressing  the  rubber 
depends  on  the  shape  of  the  cam.  The  cam  described  com¬ 
presses  the  rubber  during  only  the  first  45°  rotation  of  the 
pendulum,  which  limits  the  amount  of  energy  available  to  the 
cosine  of  45°  times  the  potential  energy  of  the  pendulum  at 
the  starting  position  or  to  a  reading  of  70.7  on  the  instrument 
scale.  The  substitution  of  a  cam  which  compresses  the  rub¬ 
ber  through  an  angle  of  90°  would  make  available  the  total 
potential  energy  of  the  system. 

Experimental  Part 

The  type  of  results  obtained  with  the  pendulum  plastometer 
is  illustrated  by  the  following  experiment.  Two  thousand 


Figure  2.  Photograph  of  Instrument 
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grams  of  pale  crepe  rubber  were  milled  on  a  45  X  20  cm.  mill, 
through  which  water  at  50°  C.  was  circulated.  The  tempera¬ 
ture  of  the  rubber  was  approximately  70°  C.  during  the 
milling.  Samples  were  removed  at  intervals  for  test.  The 
consistency  of  the  rubber  was  followed  by  means  of  both  the 
pendulum  plastometer  and  the  parallel-plate  plastometer 
(16).  The  results  are  shown  in  Table  I.  Several  sets  of 
data  are  shown  with  the  pendulum  instrument,  in  order  to 
illustrate  the  degree  of  duplication.  The  samples  run  in  the 
pendulum  plastometer  were  in  direct  contact  with  the  metal 
plates. 


Table  II.  Energy  Consumption  and  Elastic  Recovery 


Material 

Available 

Energy 

Consumed 

Thickness 

Re¬ 

covered 

Recovery 

% 

Mm. 

% 

Rubber  100,  mineral  oil  30 

24.8 

0.53 

41.4 

Rubber  100,  mineral  rubber  50 

37.5 

0.41 

32.8 

Mineral  rubber  (0.5-cc.  sample) 

68.0 

0.07 

5.6 

Tire  tread  stock 

67.0 

4.03 

322.0 

Balata 

57.3 

0.54 

42.1 

The  data  obtained  with  the  two  instruments  are  directly 
comparable  only  in  regard  to  the  elastic  recovery.  The 
pendulum  instrument  shows  not  only  a  much  higher  recovery, 
but  a  much  greater  difference  between  the  extremes.  The 
thickness  index  of  the  parallel-plate  plastometer,  while  not 
indicating  a  quantitative  energy  relationship,  has  a  greater 
percentage  spread  than  the  energy  consumed  by  the  pendulum 
instrument.  The  thickness  index  is  probably  satisfactory  for 
following  the  uniformity  of  a  given  material.  The  energy 
consumed  should,  however,  be  a  more  reliable  index  for  a 
comparison  of  various  rubber  compounds  or  other  materials. 

While  a  more  or  less  definite  dependency  exists  between  the 
elastic  recovery  and  energy  consumed  by  different  samples 
of  the  same  rubber,  this  relationship  varies  considerably  when 


different  rubber  compounds  or  other  substances  are  con¬ 
sidered.  This  is  illustrated  by  the  data  in  Table  II,  which 
shows  the  results  of  tests  on  various  compounds  and  sub¬ 
stances. 

The  early  stages  of  vulcanization  are  detected  with  the 
pendulum  plastometer  by  the  rapid  change  in  the  elastic 
recovery.  In  many  cases  the  elastic  recovery  will  double 
before  a  noticeable  difference  is  found  in  the  energy  consumed. 
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The  Preparation  of  Naphthidine 

STUART  COHEN  AND  RALPH  E.  OESPER,  University  of  Cincinnati,  Cincinnati,  Ohio 


STRAKA  and  Oesper  ( 8 )  showed  that  naphthidine 
(4,4'-bi-l-naphthylamine)  is  a  satisfactory  oxidation- 
reduction  indicator,  particularly  as  an  internal  indicator  in 
the  volumetric  determination  of  iron  and  chromium  by  means 
of  dichromate.  None  of  the  methods  hitherto  available 
(1,2,  3,  6,  7)  for  the  preparation  of  naphthidine  has  been  found 
satisfactory,  for  they  are  either  laborious  or  yield  only  small 
specimens  of  this  compound.  A  simple  and  practicable  pro¬ 
cedure  has  now  been  worked  out,  and  the  preparation  of 
naphthidine  in  adequate  quantities  is  here  described.  The 
starting  materials  are  cheap,  the  time  required  is  reasonable, 
and  the  yield  of  the  finished  product  is  good.  The  procedure 
may  be  divided  into  two  stages:  (1)  the  preparation  of  azo¬ 
naphthalene,  and  (2)  the  reduction  of  the  azonaphthalene  to 
hydrazonaphthalene,  which  is  not  isolated  but  immediately 
rearranged  to  naphthidine  (Figure  1). 

Preparation  of  Azonaphthalene 

The  following  modification  of  Lange’s  (o)  method  was  found 
most  suitable  for  the  preparation  of  azonaphthalene: 

Thirty-five  grams  of  a-naphthylamine  hydrochloride  are  stirred 
into  500  cc.  of  water  in  an  800-  to  1000-cc.  beaker,  17.5  cc.  of 
concentrated  hydrochloric  acid  are  added,  the  mechanical  stir¬ 


rer  is  started,  and  the  solution  is  cooled  in  an  ice  bath  to  about 
0°.  Cold  diluted  sulfuric  acid  (21  cc.,  sp.  gr.  1.84,  plus  200  cc. 
of  water)  is  then  stirred  in.  The  suspended  amine  salt  is  diazotized 
(by  vigorous  stirring,  with  customary  precautions  as  to  tempera¬ 
ture)  by  slowly  adding  a  cold  solution  of  14  grams  of  sodium 
nitrite  dissolved  in  80  to  100  cc.  of  water.  The  reddish  brown 
solution  of  the  diazonium  salt  is  allowed  to  stand  5  minutes 
(good  cooling),  and  filtered  at  the  pump,  the  filtrate  being  received 
in  a  precooled  filter  flask  surrounded  by  an  ice  bath.  The  cold 
filtrate  is  transferred  to  a  2-liter  beaker  (ice  bath),  the  stirrer 
started,  and  a  cold  solution  of  66  grams  of  anhydrous  sodium 
acetate  in  300  cc.  of  water  slowly  added,  the  temperature  being 
kept  between  0°  and  5°.  A  cooled  solution  of  31  grams  of  sodium 
sulfite  in  200  cc.  of  water  is  then  run  in  slowly,  a  vigorous  evolu¬ 
tion  of  nitrogen  ensues,  and  1,1 '-azonaphthalene  begins  to  sepa¬ 
rate.  After  the  addition  of  the  sulfite  solution  has  been  com¬ 
pleted,  the  stirring  is  continued  for  5  minutes.  The  suspension 
is  then  taken  out  of  the  ice  bath,  and  warmed  on  a  water  bath, 
and  the  tan  or  orange  precipitate  is  filtered  off,  washed,  and 
dried  on  a  porous  plate. 

The  average  yield  of  crude  azonaphthalene,  melting  at 
180°  to  184°  C.,  is  31  grams  (calculated  27.5).  Pure  azo¬ 
naphthalene  melts  at  186°  (3),  188°  to  189°  (4)-  The  product 
obtained  by  the  present  procedure  can  be  used  for  the 
preparation  of  naphthidine  without  further  purification;  in 
fact,  the  moist  filter  cake  can  be  carried  directly  into  the  next 
step. 
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Reduction  of  Azonaphthalene  to  Hydrazonaph- 
thalene  and  Rearrangement  into  Naphthidine 

Twenty  grams  of  crude  azonaphthalene  are  suspended  in  200 
jc.  of  ethanol,  and  brought  to  a  weak  boil.  A  solution  of  40 
?rams  of  stannous  chloride  in  100  cc.  of  concentrated  hydro- 
ihloric  acid  is  slowly  run  in  (with  occasional  shaking)  until  the 


suspended  solid  has  turned  light  tan.  The  heating  is  immediately 
discontinued,  the  suspension  is  cooled  to  room  temperature,  and 
100  cc.  of  concentrated  hydrochloric  acid  are  added  to  precipi¬ 
tate  the  rest  of  the  naphthidine  hydrochloride.  Under  no  con¬ 
dition  must  the  solution  be  heated  with  the  acid,  since  the 
dinaphthylene  (1,1 '-diamino-2, 2'-dinaphthyl)  present  in  the 
solution,  when  heated  with  hydrochloric  acid,  loses  ammonia, 
forming  dinaphthocarbazole,  which  precipitates  with  the  naph¬ 
thidine  hydrochloride  and  greatly  impedes  its  purification. 

The  naphthidine  hydrochloride  is  removed  from  the  cooled 
suspension,  sucked  as  dry  as  possible,  suspended  in  200  cc.  of 
water,  and  20  per  cent  sodium  hydroxide  solution  is  added  in 
slight  excess.  The  mixture  is  kept  warm  for  10  minutes  at  about 
40°  C.,  stirring  frequently.  The  crude  naphthidine  is  filtered, 
washed  with  water  until  free  of  alkali,  then  sucked  dry  as  pos¬ 
sible.  The  crude  base  is  boiled  up  with  120  cc.  of  ethanol,  and 
pyridine  (40  to  45  cc.)  slowly  run  into  the  boiling  suspension 
until  the  solid  has  dissolved.  Any  obvious  impurities  are  re¬ 
moved  by  filtering  the  hot  solution.  The  filtrate  is  allowed  to 
cool  slowly,  and  the  naphthidine  separates  in  well-formed  crystals, 
sufficiently  pure  for  indicator  purposes  (m.  p.  198-199°). 
Twenty  grams  of  azonaphthalene  produce  6  grams  of  purified 
naphthidine,  corresponding  to  33.5  per  cent  yield,  calculated 
on  the  naphthvlamine  hydrochloride  originally  taken. 
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An  Adiabatic  Calorimeter 


WHITNEY  WEINRICH  and  HANNIBAL  GASPARI,  Gulf  Research  and  Development  Corporation,  Pittsburgh,  Pa. 


A  sensitive  adiabatic  calorimeter  is  de¬ 
scribed  in  which  the  rate  of  oxygen  absorp¬ 
tion  and  the  rate  of  temperature  change 
due  to  the  heat  of  reaction  of  finely  divided 
substances  with  oxygen  are  measured.  A 
differential  thermopile  and  a  photoelectric 
relay  maintain  adiabatic  conditions;  an 
electronic  relay  and  an  electrolysis  cell 
make  possible  the  automatic  control  of 
oxygen  pressure.  For  certain  samples  of 
bituminous  coal  at  one  atmosphere  pres¬ 
sure  and  at  50°  C.  initial  temperature, 
oxygen  absorption  and  temperature  rise 
are  nearly  linear  functions  of  time  and  one 
may  be  predicted  from  the  other  with  con¬ 
siderable  accuracy. 

|"T  WAS  desired  to  measure  simultaneously  the  rate  of 
L  oxygen  absorption  and  the  rate  of  temperature  change 
uduced  by  the  heat  of  reaction  of  finely  divided  substances 
vith  oxygen  at  about  50°  C.  and  at  atmospheric  pressure. 
To  accomplish  this  purpose,  a  sensitive  adiabatic  calorimeter 
vas  constructed  in  which  substantially  no  heat  interchange 
>etween  sample  and  environment  was  possible.  Included  in 
his  apparatus  were  an  automatic  compensator  to  maintain 
onstant  oxygen  pressure  and  a  nitrometer  tube  from  which 


the  volume  of  oxygen  was  read.  Davis  and  Byrne  ( 1 )  in¬ 
vestigated  the  oxidation  characteristics  of  various  coals  with 
an  adiabatic  calorimeter.  In  their  apparatus  the  temperature 
of  the  calorimeter  liquid  was  made  by  electrical  means  to 
follow  closely  the  temperature  of  the  coal.  Kohman  ( 3 ) 
studied  the  effect  of  oxygen  absorption  on  the  aging  of  rubber. 
For  maintaining  constant  oxygen  pressure  over  the  sample, 
his  apparatus  employed  an  automatic  compensator.  Specifi¬ 
cally,  a  manometer  was  so  constructed  that  any  decrease  in 
pressure  due  to  an  absorption  of  oxygen  caused  a  mercury- 
platinum  contact  to  close  and  permitted  an  electric  current  to 
flow  through  a  solution  of  oxalic  acid.  The  gases  liberated 
by  electrolysis  forced  mercury  into  a  nitrometer  tube  and  thus 
decreased  the  volumetric  capacity  of  the  system  and  restored 
the  original  pressure.  The  volume  of  oxygen  was  then  read 
directly  from  the  nitrometer  tube. 

The  calorimeter  described  here  is  a  combination,  with  some 
modifications,  of  the  above  two  types  of  apparatus.  To  en¬ 
sure  an  even  temperature,  the  entire  reaction  unit,  which  is  a 
closed  system,  is  immersed  in  the  calorimeter  bath.  Heat  of 
reaction  is  measured  as  a  function  of  the  temperature  of  the 
bath,  and  the  oxygen  absorption  is  read  from  the  nitrometer 
tube.  The  adiabatic  control  and  the  control  of  oxygen  pres¬ 
sure  are  automatic. 

Control  of  Adiabatic  Conditions 

The  adiabatic  calorimeter  is  a  modified  de  Khotinsky  aquarium- 
type  thermostat  bath  of  about  300  liters  (79  gallons)  capacity. 
Figure  1  shows  an  assembly  sketch  of  the  complete  apparatus. 
A  turbine-type  stirrer  efficiently  agitates  the  water  of  this  bath, 
and  an  external  spill-over  device  serves  to  supply  continuously 
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ELECTRONIC  RELAY 


Figure  1.  Schematic  Diagram  of  Complete 
Unit 


the  water  lost  by  evaporation.  An  external  rheostat  controls  the 
heat  evolved  by  one  of  the  two  500- watt  continuous  heaters. 
The  bath  is  operated  at  constant  temperature  when  the  thermo¬ 
stat  relay  controls  the  intermittent  heater,  and  under  adiabatic 
conditions  when  the  photoelectric  relay  controls  this  heater. 

Adiabatic  control  is  accomplished  by  a  sensitive  differential 
thermopile.  One  set  of  junctions  is  located  in  the  sample  under 
observation;  the  other  set  is  in  thermal  contact  with  the  bath 
water.  When  there  is  a  difference  in  temperature  between  the 
sample  and  the  bath,  the  e.  m.  f.  produced  in  the  thermopile 
causes  a  deflection  of  a  sensitive  galvanometer  (Leeds  &  Northrup 
type  R;  sensitivity,  2  microvolts  per  mm.  at  1  meter).  A  light 
beam,  reflected  from  the  galvanometer  mirror,  activates  a  photo¬ 
electric  relay  which,  in  turn,  controls  the  heat  to  the  bath.  The 
thermopile  consists  of  12  copper-cupron  elements,  each  wrapped 
and  insulated  from  the 
others  with  a  continuous 
strip  of  silk  ribbon,  and  the 
whole  resembling  a  rod 
about  4  mm.  in  diameter. 

The  two  copper  leads  from 
the  thermopile  are  con¬ 
nected  as  shown.  During 
the  starting  period  of  a  run, 
the  precision  thermocouple 
potentiometer  is  convenient 
in  finding  the  point  of  tem- 
perature  equilibrium  be¬ 
tween  the  sample  and  the 
bath. 

The  photoelectric  relay 
is  a  standard  Westinghouse 
Type  RK  Photo-troller  with 
external  phototube  and  fight 
source.  A  weighted  plat¬ 
form,  supported  by  three 
tetrahedrons  (2)  of  hand¬ 
balls,  serves  as  a  mounting 
for  the  phototube,  fight 
source,  and  galvanometer. 

This  type  of  suspension 
efficiently  damps  out  short 
period  vibrations.  At 
opposite  ends  of  the  plat¬ 
form  and  1  meter  distant 
are  placed  the  phototube 
housing  and  the  reflecting 
galvanometer,  fitted  with  a 
lens  1  meter  in  focal  length. 


The  housing  of  the  fight  source,  containing  a  50-candlepower  auto¬ 
mobile  headlight  bulb,  is  placed  at  a  point  found  by  trial  and 
error  to  produce  the  brightest  slit  of  fight  on  the  phototube. 
To  aid  further  in  focusing  the  slit  of  fight,  a  split  adjustable 
shutter  is  installed  at  the  opening  in  the  housing  of  the  fight 
source.  With  this  shutter  and  with  the  focusing  lens  contained 
in  the  light-source  housing,  a  very  bright  narrow  slit  of  fight  is 
focused  on  the  phototube.  A  similar  shutter  is  installed  on  the 
phototube  housing  to  adjust  the  position  of  the  slit  when  it 
strikes  the  photocell.  To  prevent  stray  fight  from  affecting  the 
phototube,  the  apparatus,  which  is  mounted  on  the  weighted 
platform,  is  surrounded  by  a  light-tight  case. 

With  everything  in  satisfactory  adjustment,  the  sensitivity 
of  this  adiabatic  calorimeter,  expressed  as  the  temperature 
difference  between  the  sample  and  the  bath  required  to 
operate  the  photoelectric  relay,  is  approximately  0.003°  C., 
and  never  exceeds  0.005°  C.  Therefore,  the  e.  m.  f.  of  a  12- 
junction  thermopile  produced  by  a  difference  in  temperature 
of  0.003°  C.  is  12  X  40  X  0.003  =  1.5  microvolts.  The 
resulting  current  produces  a  sufficient  galvanometer  deflec¬ 
tion  to  trip  the  relay  of  the  Photo-troller. 

Measurement  of  Oxidation  Rate 

Figure  2  shows  the  reaction  unit  that  is  operated  in  the 
calorimeter  bath. 

The  reaction  vessel,  the  thermopile  assembly,  and  the  elec¬ 
trolysis  cell,  Bt,  are  connected  to  the  unit  by  ground-glass  joints 
held  in  place  with  rubber  bands.  A  short  copper  thimble,  filled 
with  naphthalene  and  suspended  in  the  water  bath,  contains  one 
set  of  junctions  of  the  thermopile;  Picein  cement  in  tube  A 
provides  a  vacuum-tight  seal  for  the  leads  from  the  other  set  of 
j  unctions .  To  prevent  stray  radiation  from  affecting  the  thermo¬ 
pile,  a  fight  shield  of  perforated  metal  (not  shown)  is  placed 
around  the  reaction  vessel,  a  200-cc.  Dewar  flask.  The  mercury 
level  in  H  is  adjusted  to  be  1  mm.  below  contact  1  when  the 
pressures  in  B2  and  B3  are  equal.  Small  glass  tubes,  sealed  at 
the  point  through  which  the  platinum  contacts  are  sealed,  in¬ 
sulate  the  lead  wires  from  the  bath  water.  A  few  drops  of  mer¬ 
cury  make  connections  from  the  nichrome  lead  wires  to  the  plati¬ 
num  contacts. 

The  unit  is  built  around  three  brass  rods  1.27  cm.  in  diameter, 
76  cm.  high,  spaced  20  cm.  on  centers  in  the  form  of  an  isosceles 
triangle.  Flat  brass  strips,  bolted  to  the  uprights,  serve  as  spac¬ 
ing  for  the  brass  rods,  and  as  a  framework  for  the  reaction  unit. 
At  appropriate  points  the  glass  tubes  of  the  unit  are  bolted  to 
the  brass  strips  by  split  yokes,  bushed  with  1-cm.  sections  of 
rubber  tubing.  Because  too  many  points  of  suspension  tend  to 


JULY  15,  1936 


ANALYTICAL  EDITION 


309 


Figure  3.  Wiring  Diagram  of  Electronic 
Relay 


Ri,  Rs.  50- watt  110-volt  lamps 

R3,  R4,  R5.  500-ohm  resistors 

R6,  R7.  100,000-ohm  resistors 

Ti.  1  to  1  ratio  insulating  transformer 

Tt.  2.5-volt  10-ampere  filament  transformer 

JV  7.5-volt  filament  transformer 

Tt.  15-volt  filament  transformer 

X,  X.  110- volt  alternating  current  connections 

V.  T.  Westinghouse  Type  KU-627  Grid-Glow  tube 


produce  strains  which  cause  breakage,  this  number  is  kept  to  the 
minimum  required  for  rigidity  of  mounting  of  the  glass  tubing. 

. 

The  accurate  measure  of  the  oxygen  absorption  is  entirely 
dependent  on  the  unfailing  operation  of  contacts  1  and  2  and, 
subsequently,  the  relay  controlling  the  electrolysis  in  B4. 
Hence,  by  the  use  of  an  electronic  relay,  the  power  handled 
by  these  contacts  is  so  small  that  any  danger  of  fouling  is  pre¬ 
cluded  even  in  an  atmosphere  of  oxygen.  The  Westinghouse 
Type  KU-627  Grid-Glow  tube  requires  a  minute  amount  of 
power  in  its  grid  circuit  to  control  a  relatively  large  amount 
of  power  output  in  its  plate  circuit.  This  tube,  therefore, 
is  used  as  the  relay;  contacts  1  and  2  control  the  grid  circuit 
while  the  electrodes  in  the  electrolysis  bulb,  B4,  are  connected 
in  series  with  the  plate  circuit  of  the  tube.  When  the  tube 
ionizes  or  passes  current,  a  pulsating  direct  current,  obtained 
by  rectification  of  the  alternating  current  output  of  plate 
transformer  Tj  (Figure  3),  passes  through  to  produce  elec¬ 
trolysis  of  the  concentrated  oxalic  acid  solution  in  B4.  Figure 

3  shows  a  circuit  that  is  conventional  in  many  respects,  but 
that  embodies  certain  innovations  which  are  necessary  in  this 
work. 

Filament  current  and  control  grid  voltage  are  supplied  by 
transformers  T2  and  T3.  The  circuit  for  the  main  contacts,  1  and 
2,  is  entirely  conventional — that  is,  the  closing  of  these  contacts 
reduces  the  control  grid  voltage  to  zero,  allowing  the  tube  to 
pass  current,  Rn  and  R7  being  current-limiting  resistors.  For  the 
operation  of  contacts  1  and  2  alone,  the  current  through  R3  (500 
ohms)  is  too  small  to  cause  an  appreciable  voltage  drop. 

Since  it  is  necessary  to  block  any  further  electrolysis  when 
mercury  has  completely  filled  the  nitrometer  tube,  contacts  3  and 

4  are  added  to  the  above  circuit.  Tt  is  connected  to  have  the 
same  polarity  with  respect  to  the  filament  as  T3.  The  closing  of 
contacts  3  and  4  produces  a  voltage  drop  across  R3  which  is  equal 
to  the  difference  in  voltage  between  Tt  and  Ts  (7.5  volts)  and 
which  is  negative  with  respect  to  the  filament  when  T\  is  positive 
with  respect  to  the  filament.  Complete  blocking  of  ionization, 

,  therefore,  results  as  long  as  3  and  4  are  closed.  It  is  apparent 
that  the  state  of  contacts  1  and  2  has  no  effect  on  the  operation 
of  the  tube  in  this  condition  because  7.5  volts  negative  is  more 
I  than  sufficient  to  prevent  the  tube  from  passing  current.  The 
■  current  handled  by  contacts  1  and  2  is  estimated  at  approxi¬ 
mately  7.5  X  10 ~6  ampere.  After  nearly  a  year’s  continuous 


operation,  no  fouling  of  these  contacts  has  been  noted.  Con¬ 
tacts  3  and  4  handle  a  much  larger  current,  but  their  operation 
is  too  infrequent  to  cause  wear. 

It  is  essential  that  point  5  of  the  electronic  relay  be  well 
grounded.  The  brass  frame  of  the  apparatus,  the  Photo- 
troller,  and  the  electrostatic  shield  of  the  phototube  cord 
should  all  be  grounded  at  this  point.  However,  electro¬ 
static  shielding  of  the  leads  from  the  electronic  relay  is  un¬ 
necessary;  rubber-covered  cable  is  sufficiently  insulated  when 
the  specified  parts  of  the  apparatus  are  well  grounded. 

Adjustment  and  Operation  of  the  Apparatus 

Adjustment  of  the  apparatus  for  adiabatic  control  is  the 
first  step  when  a  run  is  started.  The  zero  of  the  galvanometer 
is  adjusted  to  bring  its  reflected  beam  of  light  to  the  center  of 
the  phototube  housing.  During  this  operation,  the  gal¬ 
vanometer  terminals  should  be  shorted.  One  of  the  halves  of 
the  adjustable  shutter  is  removed  from  the  phototube  housing, 
while  the  other  half  is  screwed  towards  the  center  of  the 
housing  until  it  just  intersects  the  reflected  beam  of  fight. 
With  this  adjustment,  the  movement  of  the  beam  in  one 
direction  has  no  effect  on  the  phototube,  but  a  movement  of 
approximately  0.7  mm.  in  the  other  direction  is  enough  to 
energize  the  phototube,  and  to  trip  the  relay  in  the  Photo- 
troller.  Polarities  are  so  arranged  that  the  fight  strikes  the 


Figure  4.  Curves  from  Typical  Run 


phototube  when  the  bath  drops  below  the  temperature  of  the 
sample.  When  the  bath  heats  slightly  above  the  sample, 
the  e.  m.  f.  of  the  thermopile  actuates  the  galvanometer  to 
shift  the  beam  of  fight  back  onto  the  shutter  and  causes  the  re¬ 
lay  to  turn  off  the  current  to  the  intermittent  heater.  The 
rheostat  for  the  continuous  heater  is  adjusted  so  that  the 
intermittent  heater  is  on  and  off  for  the  same  period  of  time. 
For  good  operation,  one  cycle  requires  about  1  minute;  the 
intermittent  heater  is  on  and  off  for  equal  periods  of  30 
seconds.  The  temperature  variation  of  the  bath,  during  one 
cycle,  is  about  0.007°  C.  as  estimated  with  a  Beckman  ther¬ 
mometer.  By  allowing  the  Photo-troller  to  take  control 
when  the  bath  and  sample,  in  an  inert  atmosphere,  are  at  the 
same  temperature,  the  accuracy  of  this  adjustment  is  easily 
checked.  As  a  result,  no  drift  in  the  temperature  of  the  bath 
should  take  place  over  a  24-hour  period. 

The  manipulation  of  the  unit  in  the  thermostat  will  be 
illustrated  by  reference  to  Figure  2. 

First,  75  grams  of  the  finely  powdered  sample  are  placed  in  the 
Dewar  reaction  flask.  As  the  case  may  demand,  air  above  the 
sample  is  replaced  by  oxygen  or  nitrogen.  Evacuation  is  con¬ 
trolled  by  Si  with  S2  and  S 4  open;  Si  is  open  to  the  atmosphere. 
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Just  before  the  mercury  reaches  stopcock  S2,  it  is  closed,  and 
evacuation  is  completed  in  the  remainder  of  the  system.  Now 
oxygen  is  slowly  admitted  to  the  system  through  S3  until  at¬ 
mospheric  pressure  is  reached,  after  which  S2  is  opened  and  the 
pressure  in  the  nitrometer  tube  is  allowed  to  rise  to  atmospheric 
by  additional  oxygen  admitted  through  S3.  To  assure  the  re¬ 
moval  of  all  air  from  the  system,  this  procedure  is  repeated  two 
additional  times. 

In  the  following  manner  the  final  adjustment  of  pressure  is 
made :  In  the  assembly  of  the  apparatus,  mercury  was  added  to 
B\  until  its  level  in  the  nitrometer  tube  was  a  few  millimeters 
above  the  first  graduation.  At  this  point  in  the  adjustment,  a 
pressure,  slightly  above  atmospheric,  is  placed  on  the  system  by 
the  manipulation  of  S3,  thereby  depressing  the  mercury  level  in 
the  nitrometer  tube.  Now,  Si  is  opened  to  the  electrolysis  cell, 
Bi,  which  is  at  atmospheric  pressure,  and  then  <S4  is  closed,  isolat¬ 
ing  the  gas  in  B2  from  the  system.  In  this  procedure  the  final 
step  is  the  adjustment  of  pressure  in  the  system  to  bring  the  level 
of  mercury  in  U-tube  H  up  to  contact  1.  This  is  done  by  allow¬ 
ing  gas  to  leak  from  the  system,  through  S3,  until  the  pressure  in 
B>  is  sufficiently  above  that  in  B3  to  complete  the  circuit  of  con¬ 
tacts  1  and  2.  The  flash  of  light,  caused  by  the  ionization  of  the 
Grid-Glow  tube  in  the  electronic  relay,  instantly  shows  when 
mercury  reaches  contact  1.  As  a  result,  the  pressure  in  B2  is 
about  1  mm.  above  atmospheric,  but  the  pressure  in  B3  and  in  the 
reaction  flask  is  approximately  atmospheric. 

The  automatic  control  of  pressure,  in  the  apparatus  just  de¬ 
scribed,  is  based  on  the  pressure  of  the  gas  in  B2  when  S4  is 
closed.  When  a  slight  amount  of  oxygen  is  used  up  by  the 
sample,  the  pressure  in  B3  is  decreased  by  a  corresponding 
amount.  Consequently,  this  drop  in  pressure  allows  the  gas  in 
B2  to  force  the  mercury  in  11  upwards,  until  contact  1  is  closed. 
When  this  happens,  the  grid  in  the  electronic  relay  loses  control, 


and  the  tube  passes  current  through  the  electrolysis  cell,  B,. 
The  gases  thus  formed  pass  through  Si  into  Bh  causing  an  in¬ 
crease  in  pressure  and  a  rise  in  the  mercury  level  in  the  nitrome¬ 
ter  tube.  This  decreases  the  volume  of  the  system  until  the 
original  pressure,  which  breaks  contact  1  and  stops  the  electroly¬ 
sis,  is  restored.  To  operate  the  device,  only  a  small  fraction  of  a 
millimeter  difference  in  pressure  between  B2  and  B3  is  required. 

In  a  normal  run,  bulb  B2  serves  a  further  purpose  when  the 
temperature  of  the  bath  is  rising  continually.  An  increase  in 
temperature  tends  to  cause  an  increase  in  volume  of  the  gas  in  the 
system;  but,  since  the  tendency  is  equal  in  B2  and  B3,  and  since 
B2  is  closed  from  the  system,  the  two  tendencies  are  counter¬ 
balanced  through  U-tube  H.  The  gas  in  the  system  is,  there¬ 
fore,  of  constant  specific  volume,  and  consequently,  no  correction 
factors  are  applied  to  the  readings  of  the  nitrometer  tube. 

Figure  4  shows  temperature  increase  and  volume  absorp¬ 
tion  curves,  plotted  as  a  function  of  time,  for  a  typical  run. 
At  50°  C.  these  curves  deviate  only  slightly  from  straight  lines, 
but  do  show  an  upward  tendency  in  20  hours.  For  a  given 
sample  of  bituminous  coal,  the  correlation  between  tem¬ 
perature  increase  and  oxygen  absorption  is  sufficiently  good  to 
predict  one  accurately  from  the  other. 
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Location  of  the  Antienzyme  in  Egg  White 
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FOR  many  years  it  has  been  known  that  raw  egg  white 
resists  proteolytic  digestion.  At  first  it  was  thought 
that  this  resistance  was  due  to  the  inherent  character  of  the 
various  proteins  of  the  egg  white.  Sugimoto,  according  to 
Needham  (S),  was  the  first  to  show  that  egg  white  contained 
an  antienzyme  which  was  responsible  for  this  resistance  to 
proteolytic  action. 

Balls  and  Swenson  ( 1 ),  while  studying  proteolysis  in  stored 
eggs,  found  that  this  antienzyme  was  located  in  the  thin 
white.  The  thick  white  was  found  to  contain  a  sufficient 
amount  of  trypsionogen  to  liquefy  it  a  few  hours  after  activa¬ 
tion  with  enterokinase.  In  this  work  Balls  and  Swenson  did 
not  separate  the  thin  white  into  the  inner  and  outer  fractions. 
Since  these  two  kinds  of  thin  white  are  formed  by  entirely 
different  processes  (2)  and  serve  different  functions,  there  is 
no  reason  to  assume  that  they  are  alike  in  antienzymatic 
action. 

Method 

In  this  investigation  the  method  described  by  Balls  and 
Swenson  was  followed,  with  the  exception  that  the  thin  white 
was  divided  into  inner  and  outer  portions. 

The  portion  of  the  egg  white  to  be  tested  was  incubated  for 
30  minutes  with  a  solution  of  enterokinase,  buffered  with  an 
ammonia-ammonium  chloride  mixture,  and  a  solution  of  casein 
was  added.  The  acidity  of  this  mixture  was  determined  immedi¬ 
ately  by  titrating  an  aliquot  portion  with  0.1  A  alkali,  using 
thymolphthalein  as  an  indicator.  The  remainder  of  the  mixture 
was  incubated  30  minutes,  after  which  the  increase  in  acidity 
was  taken  as  a  measure  of  the  proteolytic  activity. 

The  egg  white  was  divided  into  three  fractions — outer  thin, 
thick,  and  inner  thin — by  breaking  the  egg  into  a  Petri  dish.  A 
sample  of  the  outer  thin  was  removed  with  a  pipet,  and  the  re¬ 
mainder  of  the  outer  thin  was  carefullly  removed  with  filter 


paper.  The  thick  portion  was  then  cut  with  scissors  to  allow  the 
inner  thin  to  run  out.  A  sample  of  this  inner  thin  fraction  was 
pipetted  off  and  the  remainder  of  this  fraction  was  removed  with 
filter  paper.  The  remaining  thick  white  was  separated  from  the 
yolk  and  chalazae  with  a  suitable  pipet.  The  thick  white  was 
finally  forced  through  a  fine-meshed  screen  to  render  it  soluble 
in  the  digestion  mixture. 

While  this  procedure  is  not  suitable  for  quantitative  de¬ 
termination  of  the  amount  of  each  fraction,  it  does  give  a 
representative  sample  of  each  of  the  three  fractions  for 
analysis.  Samples  from  five  eggs  were  pooled  for  each  deter¬ 
mination  which  was  made  in  the  afternoon  on  eggs  laid  the 
same  morning.  In  addition  to  determining  the  proteolytic 
activity  of  the  three  fractions  separately,  determinations  were 
also  made  on  mixtures  of  equal  volumes  of  inner  thin  and 
thick,  and  outer  thin  and  thick.  The  results  are  given  in 
Table  I. 

Table  I.  Proteolytic  Activity  of  Egg  White 

(Differences  in  acidity  for  the  various  fractions  and  mixtures,  before  and 
after  incubation,  as  measured  in  cc.  of  0.1  N  alkali.) 


Determi¬ 

Outer 

Inner 

Thick 
and  Outer 

Thick 
and  Inner 

nation 

Thin 

Thick 

Thin 

Thin 

Thin 

1 

0.52 

0.55 

0.16 

0.95 

0.18 

2 

0  04 

0.10 

-0.44 

0.06 

-0.30 

3 

-0.04 

0.60 

0.01 

0.64 

0.02 

4 

0.08 

0.54 

-0.26 

0.64 

-0.16 

5 

0.18 

0.90 

0.01 

1.22 

0.43 

6 

0  13 

0.50 

-0.13 

0.52 

0.09 

7 

-0.14 

0.24 

-0.07 

0.06 

-0.08 

Av. 

0.11 

0.49 

1 

o 

o 

0.56 

0.02 

In  each  of  the  seven  determinations  the  thick  white  showed 
distinct  proteolytic  activity,  which  is  in  accord  with  the 
results  of  Balls  and  Swenson.  When  the  inner  thin  was  mixed 
with  the  thick  in  equal  proportions,  the  proteolytic  activity 
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was  reduced  in  each  case.  In  contrast  with  this,  when  the 
outer  thin  was  mixed  with  the  thick,  the  proteolytic  activity 
of  the  mixture  was  greater  than  that  of  the  thick  alone  in 
five  cases,  practically  equal  in  one,  and  less  in  one  of  the 
seven  determinations.  These  results  indicate  that  most  of 
the  inhibitory  substance  responsible  for  the  resistance  of  raw 
egg  white  of  freshly  laid  eggs  to  proteolytic  activity  is  located 
in  the  inner  thin  fraction. 
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Preparation  of  Flattened  Copper  Tubing  Coils 

EDWARD  P.  BARRETT  AND  WILLIAM  L.  BARRETT,  Bureau  of  Mines,  Pittsburgh,  Pa. 


Figure  1.  Flattened  Copper  Tubing  Coil  in  the  Making 


numerous  joints  made  by  this  method  has 
failed;  they  are  tight  and  strong,  and  do  not 
decrease  the  cross-sectional  area  of  the  flat¬ 
tened  tubing.  The  details  of  the  joint  are 
shown  in  Figure  2. 

A  is  the  jig  for  forming  the  sleeve,  B  the  parts 
of  the  joint,  and  C  the  completed  joint  in  a  sec¬ 
tion  of  flattened  copper  tubing.  A  piece  of  copper 
tubing  about  1.25  inches  long,  having  an  inside 
diameter  equivalent  to  the  outside  diameter  of 
the  tubing  to  be  joined,  was  shaped  on  the  jig,  A, 
the  cross  section  of  which  was  the  same  as  that  of 
the  flattened  tubing  to  be  joined.  If  a  piece  of 
the  larger  tubing  is  not  available,  the  short 
piece  may  be  easily  made  by  turning  and  drilling  a 
piece  of  copper  rod. 

Two  methods  of  completing  the  joint  have 
been  used:  (1)  The  inside  of  the  sleeve  and 
about  an  inch  of  the  end  of  each  piece  of  tub¬ 
ing  were  coated  with  silver  solder.  Borax  was 
used  as  a  flux.  The  silver-solder-coated  ends 
were  inserted  in  the  sleeve  as  shown  in  C  and 
sweated  together  by  heating  with  a  small- 
tipped  oxy-acetylene  torch,  after  which  the 
ends  of  b  were  silver-soldered  to  a  and  c, 


FLATTENED  copper  tubing  may  be  used  more  ad¬ 
vantageously  than  circular  tubing  in  many  types  of 
laboratory  and  experimental  apparatus. 

Forming  the  Flattened  Tubing.  Flattened  copper 
tubing  may  be  readily  formed  by  drawing  circular  tubing 
through  special  dies.  In  1926  William  L.  Barrett  made  two 
dies  for  forming  flattened  copper  tubing:  one  for  forming 
tubing  0.5625  X  0.1875  inch  with  an  opening  0.4375  X 
0.0625  inch  from  0.375-inch  copper  tubing  having  0.0625-inch 
wall;  the  other  for  forming  tubing  0.75  X  0.21875  inch  with 
an  opening  0.625  X  0.09375  inch  from  0.5625-inch  tubing 
having  0.0625-inch  wall. 

Making  Coils  of  Flattened  Tubing.  Numerous  spi¬ 
rally  wound  coils  of  flattened  copper  tubing  have  been  made 
in  the  metallurgical  laboratories  of  the  Pittsburgh  Station 
of  the  United  States  Bureau  of  Mines,  a  mandrel  being 
made  for  each  diameter  of  coil  required.  The  photograph, 
Figure  1,  shows  a  coil  in  the  making. 

The  mandrel,  M,  7  inches  in  diameter,  is  mounted  in  a  lathe. 
Flattened  copper  tubing  N  was  formed  as  circular  copper  tubing  C 
was  drawn  through  the  die,  P,  and  simultaneously  wound  on  the 
mandrel.  The  mandrel  was  hand-rotated  by  means  of  bars  in¬ 
serted  into  the  holes,  R.  The  curved  tool,  S,  held  the  turns  to¬ 
gether  and  prevented  the  flattened  tubing  from  twisting  as  it  was 
wound  onto  the  mandrel. 

Joining  Flattened  Copper  Tubing  It  was  often  neces¬ 
sary  to  join  pieces  of  flattened  copper  tubing  None  of  the 


Figure  2.  Method  of  Joining  Flattened  Copper  Tubing 

respectively.  (2)  The  ends  of  the  tubing  were  inserted  in 
the  sleeve  as  shown  in  C  and  the  ends  of  b  silver-soldered  to  a 
and  c,  respectively. 
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A  Precision  Melting  Point  Apparatus 

EMANUEL  B.  HERSHBERG,  Converse  Memorial  Laboratory,  Harvard  University,  Cambridge,  Mass. 


THE  determination  of  the  melting  point  of  organic  com¬ 
pounds  by  the  capillary  method  is  at  present  compli¬ 
cated  by  an  abundance  of  different  types  of  apparatus,  in¬ 
volving  errors  of  varying  magnitude  and  varying  widely  in 
sensitivity  and  ease  of  manipulation.  For  purposes  of  re¬ 
search  involving  new  compounds  it  is  imperative  that  the 
data  obtained  shall  be  of  a  higher  degree  of  accuracy  than 
that  required  for  identification  and  this  in  turn  demands  an 
apparatus  itself  free  from  error.  When  this  is  accomplished 
it  follows  that  manipulation  will  be  easier  and  sensitivity  cor¬ 
respondingly  greater. 

From  a  consideration  of 
types  of  apparatus  and  of 
heating,  medium  of  heat 
transfer,  and  thermometers, 
which  have  been  discussed 
at  length  in  the  literature 
(5),  it  was  apparent  that  a 
mechanically  stirred  and 
electrically  heated  cyclic 
liquid  bath  was  best.  The 
Thiele  melting  point  appara¬ 
tus  ( 8 ),  one  of  the  earliest 
cyclic  designs,  has  been 
modified  by  Avery  ( 1 ), 
Markley  (4),  and  Conte  (2), 
to  permit  mechanical  stir¬ 
ring,  and  electrical  heating 
has  been  recommended  by 
Pratt  (6),  Dennis  (3),  Sando 
(7),  and  others.  No  one 
apparatus,  however,  com¬ 
pletely  fills  the  demands  of 
research  and  this  explains 
some  of  the  existing  discrep¬ 
ancies  in  melting  points. 

In  the  ideal  apparatus 
there  should  be  a  zone  adia¬ 
batic  relative  to  the  external 
surroundings  and  it  should 
be  possible  to  immerse  the 
mercury  column  of  the 
thermometer  completely 
without  requiring  excessively 
long  capillary  tubes.  This  is 
closely  approached  by  the 
apparatus  described  below,  in 
which  at  equilibrium  the 
lateral  or  vertical  tempera¬ 
ture  deviation  in  the  zone 
enclosed  by  the  sleeve  is 
within  ±0.025°  C.  At  the  same  time  a  ball-bearing  glass 
stirrer  ensures  rapid  circulation,  so  that  with  increasing  tem¬ 
perature  the  rate  of  rise  of  this  zone  is  essentially  constant. 
The  sleeve  further  serves  to  guide  both  thermometer  and 
melting  point  tubes  and  in  conjunction  with  the  cap  which 
acts  as  a  support  permits  insertion  of  new  tubes  without  re¬ 
moving  the  thermometer. 

Internal  electrical  heating  is  by  far  the  most  sensitive  and 
most  readily  controlled,  but  no  organic  liquid  has  been 
found  that  will  withstand  elevated  temperatures  without 
rapidly  darkening.  Sulfuric  acid  is  undesirable  in  this  con¬ 
nection  because  it  is  electrolyzed  and  the  gas  bubbles  obscure 


the  determination;  nevertheless  it  is  perfectly  satisfactory 
when  used  with  external  heating. 

Apparatus 

The  melting  point  apparatus  (Figure  1)  consists  of  a  Pyrex 
glass  cyclic  bath,  A,  with  a  glass  stirrer,  77,  running  in  ball 
bearings  and  externally  heated  by  electricity.  The  portion  in 
which  the  determination  is  made  carries  the  soft  glass  sleeve, 
D,  with  sealed-on  platinum  loops  which  guide  both  thermometer 
and  tubes.  The  sleeve  forms  an  annular  space  which  isolates 
the  cooler  wall  liquid  from  that  coming  in  contact  with  the  instru¬ 
ment,  and  is  centered  by  small  knobs,  7,  near  the  top  and  bottom. 
Caps  F  and  G  fit  snugly  into  the  tubes,  F  having  two  small  holes 
at  the  base  of  the  thermometer  tube  for  the  insertion  of  the 
melting  point  capillaries.  It  also  has  a  small  wedge  which  fits 
into  a  lip,  J,  in  the  vertical  tube  and  prevents  rotation  due  to  the 
twisting  action  of  the  circulating  liquid  on  the  thermometer. 
Stirrer  77  is  of  glass  tubing  and  has  a  two-bladed  propeller  driven 
by  a  small  synchronous  motor.  It  just  clears  tube  A  but  rotates 
with  ample  clearance  at  the  enlargement.  It  runs  in  two  ball 
bearings  which  are  slipped  on  over  short  lengths  of  thin-walled 
rubber  tubing  well  moistened  with  glycerol.  The  liquid  circulates 
in  a  clockwise  direction. 

The  heating  element  is  wound  on  the  curved  portion,  E,  and 
consists  of  300  cm.  (10  feet)  of  No.  28  B.  and  S.  gage  wire  with  a 
resistance  of  0.14  ohm  per  cm.  (4.1  ohms  per  foot),  using  about 
325  watts  at  115  volts.  First  a  layer  of  0.078-cm.  (0.031-inch) 
asbestos  paper  is  wound  on  the  glass  in  segments,  preferably 
while  wet,  and  the  surface  is  rubbed  gently  to  make  a  perfect 
coating  without  cracks.  After  this  first  layer  has  dried  an  ap¬ 
propriate  length  of  cotton  string  (240  cm.  or  8  feet)  is  wound  on 
and  evenly  spaced.  The  wire  is  anchored  to  a  brass  terminal 
and  wound  on  parallel  to  the  string,  which  is  then  removed.  A 


Figure  2.  Photograph  of  Apparatus 


Figure  1.  Diagram  of 
Apparatus 


A.  28-mm.  outside  diameter  and 

25-mm.  inside  diameter 

B.  17  cm. 

C.  8.5  cm. 

D.  Sleeve,  19-mm.  outside  di¬ 

ameter,  17-mm.  inside  di¬ 
ameter,  9  cm.  long.  Loops 
No.  26  B.  and  S.  gage 
platinum  wire 

E.  18-mm.  outside  diameter 

F.  Thermometer  cap.  Ther¬ 

mometer  tube  7-mm.  inside 
diameter 

G.  Stirrer  cap 

H.  Stirrer,  5-mm.  outside  di¬ 

ameter  glass  tubing.  Ball 
bearings  with  0.61-cm. 
(0.25-inch)  hole  and  2.2-em. 
(0.875-inch)  outside  diame¬ 
ter,  unground 

I.  Knobs  to  center  sleeve. 

J.  Lip  and  wedge  to  prevent  ro¬ 

tation  of  cap 
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second  layer  of  asbestos  is  put  on  in  a  similar  manner  and  the 
remaining  60  cm.  (2  feet)  of  wire  are  wound  back  with  wide 
spacing  so  that  both  leads  come  out  on  the  same  side.  Finally 
a  top  layer  of  asbestos  is  put  on.  Connections  are  made  to  brass 
clamps  shown  in  Figure  2.  The  current  is  controlled  by  a  200- 
ohm  rheostat  of  3-ampere  capacity  or  by  an  auto-transformer. 

Capillary  melting  point  tubes  are  of  conventional  size  and 
sufficiently  long  to  extend  at  least  0.93  cm.  (0.375  inch)  below  the 
top  of  the  sleeve.  They  are  supported  by  small  steel  clips  of  a 
type  commonly  used  for  display  purposes,  clamped  to  short 
lengths  of  0.3-cm.  (0.125-inch)  thin-wall  rubber  tubing. 

The  tube  is  slipped  in  one  of  the  holes  in  the  cap  and  guided 
through  a  platinum  loop.  The  thermometer  is  supported  by  a 
narrow  rubber  band  fastened  near  the  top  and  rests  on  the 
central  tube  of  cap  F. 

Internal  Heating.  For  this  purpose  180  cm.  (6  feet)  of  No. 
32  B.  and  S.  gage  wire  with  a  resistance  of  0.33  ohm  per  cm.  (10 
ohms  per  foot)  are  wound  into  a  spiral,  annealed  at  red  heat,  and 
inserted  in  the  curved  portion  so  that  one  lead  comes  out  the  tube 
at  the  back  (shown  in  Figure  2,  but  not  in  Figure  1)  and  the  other 
comes  out  at  the  lip  under  cap  F.  In  this  case  about  200  watts 
are  ample  for  heating  the  tube  and  the  same  controls  may  be 
employed  as  above. 

Operation 

The  apparatus  described  is  suitable  for  the  conventional 
short  Anschutz  enclosed-scale  thermometers,  but  the  over-all 
dimensions  are  not  critical  and  may  be  varied  over  consider¬ 
able  limits.  Sulfuric  acid  is  added  to  a  point  level  with  the 
top  of  the  upper  horizontal  connecting  tube  and  the  stirrer 
operates  at  a  speed  just  below  the  point  at  which  cavitation 
occurs. 

Using  two  identical  thermometers  and  a  special  sleeve 
without  platinum  loops,  the  temperature  difference  between 
points  0.62  cm.  (0.25  inch)  from  the  top  and  bottom  of  the 
sleeve  was  measured  at  equilibrium  conditions  and  was  found 
to  be  approximately  ±0.025°  C.,  or  within  the  limits  of  ac¬ 
curacy  of  the  thermometer  reading.  There  was  no  observ¬ 
able  lateral  deviation  from  the  center  of  the  tube  to  the  sleeve 
wall.  Without  the  sleeve,  however,  the  vertical  deviation 
was  about  0.2°  and  the  lateral  deviation  from  the  center  of 
the  tube  to  the  wall  was  considerably  greater,  depending 
on  the  closeness  of  the  outer  thermometer  to  the  wall  of  tube 
A. 

With  external  heating  the  bath  rose  from  40°  to  200°  C. 
in  7  minutes  and  to  280°  in  14  minutes.  If  the  tube  was 
externally  heated  at  the  maximum  rate  and  the  current  shut 
off  at  100°,  the  temperature  rose  7°,  while  at  250°  it  rose 
about  1°.  With  internal  heating  a  much  smaller  amount 
of  power  raised  the  temperature  over  the  same  interval  in 
about  12  minutes  and  the  maximum  overshoot  was  only  about 
1°  or  2°. 

The  highest  temperature  reached  with  concentrated  sul¬ 
furic  acid  was  about  295°  C.  and  at  this  point  smooth,  steady 
ebullition  took  place  without  bumping.  With  Nujol  paraffin 
oil  as  the  bath  fluid  and  heating  internally  with  a  200-watt 
element,  the  temperature  rose  to  about  310°  C.  Unfortu¬ 
nately  the  oil  darkened  rapidly  and  other  organic  fluids  be¬ 
haved  similarly. 

The  rheostat  was  calibrated  for  the  equilibrium  tempera¬ 
tures  reached  after  about  0.5  hour  at  a  setting  and  this  greatly 
facilitates  subsequent  determinations.  The  rate  of  rise  may 
be  readily  controlled  by  setting  the  rheostat  at  a  predeter¬ 
mined  number  of  degrees  above  the  thermometer  temperature, 
while  maintaining  this  difference  by  continually  decreasing 
the  resistance. 

Gas  heating  also  gave  satisfactory  results.  In  this  case 
the  tube  was  heated  at  the  curved  portion,  E,  after  first 
winding  on  a  single  layer  of  No.  22  B.  and  S.  gage  copper 
wire. 
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A  New  Type  of  Laboratory  Stirrer 

EMANUEL  B.  HERSIIBERG 
Converse  Memorial  Laboratory,  Harvard  University, 
Cambridge,  Mass. 

THE  stirrers  shown  in  the  photograph  have  proved  very 
satisfactory  for  stirring  mixtures  thick  with  solid  where 
the  propeller  type  of  stirrer  is  ordinarily  useless.  In  such 
instances  as  condensation  reactions  with  sodium,  the  prepara¬ 
tion  of  benzalacetophenone,  the  Blanc  reaction,  and  some 
Friedel-Crafts  reactions  the  stirrers  shown  have  performed 
good  service  where  other 
types  failed.  Unlike  pro¬ 
pellers,  these  stirrers  can  be 
made  much  larger  than  the 
mouth  of  the  flask  and  the 
wires  swung  sufficiently  to 
permit  insertion  as  shown 
in  the  upper  left-hand  ex¬ 
ample.  Once  inside,  they 
follow  the  contours  of  the 
flask  without  scratching 
and  are  even  more  easily 
removed. 

Various  alloy  wires  of  No. 

18  B.  and  S.  gage  may  be 
used,  depending  on  the  type 
of  reaction.  In  particular, 
chromium-nickel  and 
copper-silver  alloys  have 
been  found  to  be  very  resistant  to  attack  and  have  the. 
requisite  stiffness  and  resilience. 

Stirrers  of  all  types  run  more  smoothly  and  for  longer 
periods  of  time  with  a  minimum  of  attention  if  ball  bearings 
are  used  as  guides.  In  general  two  sets  spaced  a  few  inches 
apart  are  necessary  and  are  best  fastened  by  inserting  a  piece 
of  rubber  tubing  with  the  inside  well  moistened  with  glycerol 
and  then  slipping  the  whole  on  the  glass  tubing  as  shown  in 
the  lower  center  of  the  photograph.  Ordinary  commercial 
unground  ball-bearing  assemblies  2.2  cm.  (0.875  inch)  in 
outside  diameter  and  having  a  0.94-cm.  (0.375-inch)  hole 
used  in  conjunction  with  6.5-  to  7-mm.  glass  tubing  have 
proved  a  very  satisfactory  and  inexpensive  combination  for- 
general  use.  An  occasional  drop  of  oil  is  all  the  lubrication,, 
necessary. 

Received  April  9,  1936. 


New  Type  of  Laboratory 
Stirrer 


A  New  Moisture  Tube 

H.  B.  ALEXANDER 

Hercules  Powder  Company,  Wilmington,  Del. 


ALTHOUGH  numerous  devices  utilize  the  principle  of 
distillation  with  an  immiscible  solvent  for  the  measure¬ 
ment  of  moisture  in  many  classes  of  materials,  the  one  de¬ 
scribed  here  is  new  and  possesses  certain  advantages.  It  is 
designed  for  use  with  a  water-immiscible  solvent,  such  as 
carbon  tetrachloride,  which  has  a  greater  density  but  a  lower 
boiling  point  than  water.  It  has  been  used  during  the  last 
seven  years  in  the  Hercules  Powder  Company  laboratories  for 
the  routine  determination  of  water  in  dynamite. 

The  method  of  operation  of  the  apparatus,  as  shown  in 
Figure  1,  is  obvious.  The  apparatus  is  constructed  of  Pyrex 
glass.  The  bottom  of  the  moisture  tube  fits  into  a  500-cc. 
round-bottomed  flask,  and  an  Allihn  water  condenser  is 
fitted  into  the  top.  (This  moisture  tube  may  be  secured  from 
Otto  R.  Greiner  Co.,  55  Plane  Street,  Newark,  N.  J.)  To 
maintain  a  constant  minimum  hang-up  of  water  in  the  con¬ 
denser,  the  tip  of  the  condenser  either  should  be  beveled  at 
45°  to  60°  or  else  be  constricted  and  provided  with  a  vapor 
inlet  as  indicated.  The  latter  arrangement  is  preferable. 
Because  the  return  arm  is  surrounded  by  a  continual  stream 
of  hot  vapors,  there  is  no  tendency  for  water  to  separate  and 
accumulate  at  any  point  in  the  liquid-return  system.  This 
important  advantage  makes  possible  higher  accuracy  than 
usually  is  obtained  by  other  distillation  methods. 

This  moisture  tube  has  the  advantage  of  being  very  com¬ 
pact;  thus,  a  supply  of  moisture  tubes  can  be  conveniently 
kept  in  sulfuric  acid-potassium  dichromate  solution  when 
they  are  not  in  use.  This  conforms  with  the  requirement 
that  all  forms  of  apparatus  in  which  small  volumes  of  water 
are  measured  must  be  kept  scrupulously  clean. 

Calibration  of  Moisture  Tube 

Fill  the  U-tube  with  carbon  tetrachloride,  then  add  about  0.25 
gram  of  distilled  water.  Again  add  carbon  tetrachloride  drop- 
wise,  until  a  drop  falls  through  the  water  layer.  This  produces 
an  upper  meniscus  of  uniformly  reproducible  curvature.  Record 
the  volume  between  the  bottom  of  the  upper  meniscus  and  the 
top  of  the  lower  meniscus;  this  is  a  zero  reading.  Then  add  2  to 
3  grams  of  water,  weighed  to  the  nearest  0.005  gram,  and  repeat 
the  readings  as  described.  The  weight  of  water,  added  as  the 
second  portion,  will  correspond  to  the  increase  in  volume  meas¬ 
ured  on  the  graduated  scale,  if  the  tube  is  accurately  graduated. 
Repeat  this  procedure  to  check  other  portions  of  the  scale. 
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Figure  1.  Hercules  Moisture  Tube 


It  is  important  that  the  ratio  of  length  A  to  length  B  be 
the  same  as  the  ratio  of  density  of  solvent  to  density  of 
water.  If  carbon  tetrachloride  is  used  as  the  solvent,  A / B 
should  be  1.6.  Dimensions  given  are  approximate.  The 
measuring  tube  is  graduated  in  6  or  7  1-cc.  divisions,  num¬ 
bered  as  indicated  and  marked  with  0.05-cc.  subdivisions. 


* 


amount  of  water  is  always  present  in  the  carbon  tetrachloride 
at  equilibrium  and  a  small  amount  may  adhere  to  the  con¬ 
denser.  Therefore,  an  additive  apparatus  correction  constant 
must  be  applied  to  compensate  for  all  the  water  present  in 
the  apparatus  which  is  not  actually  measured.  This  additive 
correction  constant  was  established  as  0.11  gram,  by  making 
45  determinations  with  7  different  moisture  tubes  and  known 
amounts  of  water.  The  following  procedure  was  followed  for 
determining  this  additive  correction  constant: 

Four  grams  of  a  dry  absorbent  material — Kieselguhr,  for  ex¬ 
ample — were  placed  in  the  distilling  flask.  Then  a  known  amount 
of  water  was  added,  followed  by  the  regular  charge  of  200  cc.  of 
carbon  tetrachloride.  The  absorbent  material  was  placed  in  the 
flask  to  absorb  the  water  and  to  simulate  usual  working  condi¬ 
tions.  The  distillation  was  conducted  in  the  usual  way  until  a 
maximum  amount  of  water  had  been  collected.  The  amount  of 
water  added  less  the  amount  of  water  collected  equals  the  appa¬ 
ratus  correction  constant,  expressed  in  grams. 


Determination  of  Apparatus  Correction  Constant 

The  amount  of  water  collected  in  the  moisture  tube  is 
measured  by  reading  the  bottom  of  the  upper  meniscus  and 
the  top  of  the  lower  meniscus.  This  arbitrarily  chosen  manner 
of  reading  the  tube  does  not  include  the  water  actually  in  the 
tube  which  is  above  the  bottom  of  the  upper  meniscus  and 
below  the  top  of  the  lower  meniscus.  Furthermore,  a  small 

Table  I.  Results  of  Determinations  with  Known  Amounts 
of  Water  Present 


Determina¬ 

Water 

Water 

tion 

Present 

Found 

Error 

Grams 

Grams 

Gram 

1 

0.50 

0.51 

+  0.01 

2 

0.50 

0.49 

-0.01 

3 

1.00 

0.95 

-0.05 

4 

1.00 

0.97 

-0.03 

5 

1.03 

0.98 

-0.05 

6 

2.00 

2.01 

+  0.01 

7 

2.00 

1.96 

-0.04 

8 

3.00 

2.99 

-0.01 

9 

3.00 

3.03 

+0.03 

10 

4.00 

3.97 

-0.03 

11 

4.00 

4.01 

+  0.01 

Procedure  for  Determination  of  Moisture 

Weigh  a  sample  of  suitable  size  into  a  500-cc.  round-bottomed 
flask.  Add  200  cc.  of  carbon  tetrachloride  and  connect  the  flask 
to  a  moisture  tube  and  30-cm.  (12-inch)  Allihn  condenser,  both 
of  which  are  clean  and  dry.  Heat  the  flask  at  such  a  temperature 
that  the  carbon  tetrachloride  falls  from  the  tip  of  the  condenser 
in  a  steady  stream  for  a  period  of  3  hours  or  until  the  volume  of 
water  in  the  measuring  tube  reaches  a  constant  maximum  value. 

By  means  of  a  pipet,  add  carbon  tetrachloride  dropwise  until  a 
drop  just  falls  through  the  water  layer.  Immediately  read  the 
position  of  the  bottom  of  the  upper  meniscus  and  the  top  of  the 
lower  meniscus.  The  difference  between  these  two  readings, 
plus  a  constant  correction  of  0.11,  is  the  amount  of  water  present 
expressed  in  grams. 

The  results  given  in  Table  I  were  obtained  with  the  moisture 
tube  just  described  and  serve  to  show  the  accuracy  and 
precision  of  the  method.  It  is  believed  that  this  method  will 
find  useful  application  in  many  analyses  where  the  rapid 
determination  of  moisture  by  distillation  with  a  solvent 
such  as  carbon  tetrachloride  is  desired. 

Received  April  28,  1936. 
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Organic  Combustion  Apparatus  for  Highly 
Volatile  and  for  Inflammable  Liquids 

JOHANNES  H.  BRUUN  AND  W.  B.  MASON  FAULCONER,  Sun  Oil  Company  Research  Laboratory,  Norwood,  Pa. 
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Figure  1.  Organic  Comhustion  Apparatus 

IN  ESTABLISHING  the  purity  of  low-boiling  hydrocar¬ 
bons,  such  as  propane,  the  carbon-hydrogen  ratio  may  be 
used  as  a  convenient  supplement  to  other  criteria  such  as 
freezing  point,  boiling  point,  molecular  weight,  etc.  For  this 
purpose  organic  combustion  analyses  of  the  greatest  possible 
accuracy  are  essential,  and  special  precautions  are  necessary 
in  order  to  avoid  explosions  which  are  likely  to  occur  when¬ 
ever  the  concentration  of  the  inflammable  vapor  in  the  com¬ 
bustion  tube  becomes  large  enough  to  reach  the  explosion 
limit  with  oxygen  or  with  the  oxygen-nitrogen  mixture,  when 
used. 

In  principle  the  combustion  apparatus  used  is  identical  to 
that  published  by  Reid  ( 2 )  and  is  shown  in  Figure  1 .  As  in¬ 
dicated  in  Figure  2,  a  controlled  evaporation  of  the  sample 
is  accomplished  by  attaching  to  the  combustion  tube  a  sepa¬ 
rate  vaporizing  tube  made  of  quartz.  The  dead  space  at  the 
bottom  of  the  vaporizing  tube  enables  the  operator  to  evapo¬ 
rate  the  sample  at  a  low  rate,  even  in  a  rapid  stream  of  oxygen. 
Thus,  a  gas  mixture  well  below  the  explosion  limit  is  ensured 
in  the  combustion  tube  and  the  secondary  oxygen  or  air  is  ob¬ 
viously  eliminated. 

The  samples  to  be  analyzed  are  cooled  and  inclosed  in 
sealed  Pyrex  glass  tubes  which  have  been  drawn  out  into  a 
fine  capillary  opening  at  one  end.  In  sealing  this  open  end 
with  the  oxygen  flame,  all  hazards  are 
removed  if  a  stream  of  nitrogen  is 
directed  toward  the  tip  of  the  cooled 
glass  tube  while  the  flame  is  being 
applied.  Considerable  pressure  will 
develop  within  the  glass  bulbs  in 
which  low-boiling  samples  are  sealed 
when  they  are  allowed  to  warm  up  to 
room  temperature.  However,  such 
low-boiling  liquids  as  propane  (boil¬ 
ing  point  —42.2°  C.)  have  been  kept 
in  this  manner  in  a  desiccator  for 
weeks  without  the  occurrence  of  a 
single  breakage. 

When  the  sample  tube  is  ready  it 


is  transferred  carefully  into  the  vaporizing  tube  (Figure  2) 
which  has  been  cooled  in  advance  by  immersing  it  in  a  proper 
cooling  agent.  As  soon  as  a  sufficient  cooling  of  the  liquid 
in  the  sample  tube  has  been  effected,  the  capillary  tip  of  the 
glass  tube  is  broken  off  by  means  of  any  suitable  breaking 
device,  such  as  the  one  shown  in  Figure  3,  and  the  combustion 
is  started. 

In  order  to  control  the  evaporation  of  the  low-boiling  sub¬ 
stance  from  the  vaporizing  tube  into  the  combustion  tube, 
the  temperature  of  the  cooling  mixture  in  the  Dewar  flask 
should  be  maintained  well  below  the  boiling  point  of  the 
sample.  By  gradually  lowering  the  Dewar 
flask,  a  steady  and  uniform  evaporation  of  the 
liquid  may  be  accomplished  in  about  15 
minutes. 

In  working  with  liquid  mixtures  such  as  lower 
boiling  petroleum  fractions,  motor  fuels,  etc.,  a 
brownish  residue  is  frequently  found  in  the 
sample  tube  when  the  vaporization  of  the  low- 
boiling  liquid  has  been  completed.  In  order  to 
complete  the  combustion  of  this  residue,  the 
Dewar  flask  is  replaced  with  the  electric  heater  shown  in  Fig¬ 
ure  2,  after  which  the  temperature  of  the  lower  part  of  the 
vaporizing  tube  is  increased  to  a  dull  red  heat.  The  electric 
heater  may  also  be  used  for  controlling  the  evaporation  and 
the  rate  of  combustion  when  higher  boiling  liquids  (boiling 
point  above  70°  C.)  are  being  analyzed.  Here  it  is  advisable 
to  heat  the  small  copper  spiral  between  the  vaporizing  tube 
and  the  rubber  stopper  to  a  dull  red  heat  by  surrounding  a 
small  section  of  the  tube  with  an  electric  heating  coil. 

Organic  combustions  of  highly  inflammable  liquids,  such  as 
low-boiling  petroleum  fractions,  are  preferably  carried  out  in 
an  atmosphere  consisting  of  a  mixture  of  nitrogen  and  oxygen 
as  indicated  in  Figure  1.  In  order  to  avoid  explosions  the 
amount  of  oxygen  in  such  cases  is  increased  from  about  40  per 
cent  by  volume  at  the  beginning  of  the  combustion  to  100  per 
cent  at  the  end  of  the  combustion. 

The  apparatus  shown  in  Figure  1  has  been  in  use  for  over  3 
years,  during  which  time  organic  combustions  have  been 
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Figure  2.  Vaporizing  Tube 


Figure  3.  Device 
for  Breaking  Tips  of 
Sample  Tubes 
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Table  I.  Results  of  the  Combustions 


Carbon-Hydro- 

Hydrogen  Carbon  gen  Ratio 

Deviation  Deviation  Deviation 

from  mean  from  mean  from  mean 


Sample 

Run 

Found 

value 

Found 

value 

Sum 

Found 

value 

% 

% 

% 

% 

Commercial  propane 

1 

17.64 

-0.02 

82.22 

-0.02 

99.86 

4.66 

+0.01 

fraction  (contains 

2 

17.68 

+0.02 

82.26 

+0.02 

99.94 

4.65 

0.00 

propylene) 

3 

17.65 

-0.01 

82.20 

-0.04 

99.85 

4.65 

0.00 

Av. 

17.66 

.... 

82.24 

99.88 

.... 

Cracked  petroleum 

1 

14.37 

-0.02 

84.82 

+0.02 

99.19 

5.90 

+0.01 

fraction  (boiling  be¬ 

2 

14.41 

+  0.02 

84.78 

-0.02 

99.19 

5.88 

-0.01 

tween  25°  and  50° 

C.) 

Av. 

14.39 

84.80 

99.19 

5.89 

.... 

n-Heptane 

1 

16  01 

-0.05 

83.76 

-0.08 

99.77 

5.23 

+0.01 

2 

16.09 

+0.03 

83.87 

+0.03 

99.96 

5.21 

-0.01 

3 

16.09 

+  0.03 

83.89 

+  0.05 

99.98 

5.21 

-0.01 

Av. 

16.06 

83.84 

99.90 

5.22 

Theoretical 

16.10 

83.90 

5.21 

For  greater  accuracy  all  rubber  con¬ 
nections  in  Figure  1  should  be  elimi¬ 
nated  and  replaced  with  ground  glass- 
to-glass,  glass-to-copper,  or  quartz-to- 
quartz  joints  (1). 

If  a  separate  combustion  tube  is  used 
for  the  analysis  of  liquids  only,  it  is 
evident  that,  since  the  usual  combustion 
boat  has  been  eliminated,  the  vaporiz¬ 
ing  tube  and  the  combustion  tube  may 
be  made  in  one  piece,  thereby  eliminating 
the  rubber  stopper  between  them.  In 
such  case  the  section  of  the  combustion 
tube  which  is  normally  used  for  the  boat 
and  for  the  copper  spiral  may  be  either  en¬ 
tirely  omitted  or  filled  with  copper  oxide. 


made  of  a  very  great  number  of  low-boiling  petroleum  frac¬ 
tions  without  the  occurrence  of  a  single  explosion. 

The  data  shown  in  Table  I  indicate  that  the  results  can  be 
duplicated  with  an  accuracy  of  about  0.05  per  cent,  even  if 
rubber  stoppers  are  used  at  both  ends  of  the  combustion  tube. 
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Glass  Head  for  a  Laboratory  W ater  Still 

PAUL  F.  SHARP  and  EARLE  B.  STRUBLE 
Cornell  University,  Ithaca,  N.  Y. 


TWO  large  Pyrex  flasks,  joined  by  a  goose  neck  of  wide- 
bore  glass  tubing,  have  been  used  for  large-scale  labora¬ 
tory  vacuum  distillations  in  various  laboratories  for  a  number 
of  years.  In  this  laboratory  two  23-liter  flasks  are  used,  one 
serving  as  the  distilling  flask,  the  other  as  the  condenser,  with 
the  cooling  water  flowing  over  the  outside. 

Difficulty  with  the  repeated  loosening  of  the  tubes  in  the 
head  of  laboratory  water  stills,  which  permitted  a  trace  of  the 
cooling  water  to  enter  the  stream  of  distilled  water,  led  to  the 
trial  of  a  Pyrex  flask  as  a  stillhead.  A  5-liter  flask  was  used 
on  a  steam-heated  still  with  a  capacity  of  8  liters  (2  gallons)  an 
hour.  The  glass  stillhead  was  satisfactory  and  has  been  in 
almost  daily  use  for  about  2  years. 


II 


CONDENSING 
WA  TER 


The  arrangement  used  is  illustrated  in  sufficient  detail  to 
make  its  construction  clear.  The  curved  neck  and  the  return 
of  a  small  amount  of  the  condensed  water  reduce  entrainment. 
The  transparency  of  the  condenser  permits  the  inspection  of 
its  operation.  The  condensing  surface  is  large.  The  cooling 
water  cannot  enter  the  distilled  water  supply.  The  condenser 
can  be  readily  cleaned. 
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A  Simple  Micro-  and  Macro-Kjeldahl 
Steam  Distillation  Apparatus 

J.  M.  FIFE 

U.  S.  Department  of  Agriculture,  Bureau  of  Plant  Industry 
Division  of  Sugar  Plant  Investigations,  Riverside,  Calif. 


THE  Kjeldahl  distillation  apparatus  shown  in  Figure  1 
possesses  all  the  advantages  of  the  apparatus  now  on  the 
market  and  yet  is  so  much  simpler  in  design  that  it  can  be 
built  by  the  average  laboratory  technician  without  difficulty 
and  at  a  comparatively  low  cost. 

By  placing  a 
steam  chamber,  C, 
between  the  steam 
generator,  B,  and 
the  distilling  cham¬ 
ber,  F,  the  steam 
jacket  and  its  two 
large  ring  seals  are 
eliminated,  which  is 
the  chief  difficulty 
encountered  by  the 
ordinary  laboratory 
technician. 

The  distillation  is 
carried  out  with  all 
stopcocks  closed. 

The  generated 
steam  passes 
through  the  steam 

chamber,  C,  to  the  distilling  chamber  and  then  through  the 
trap,  G,  to  the  cooled  condenser.  The  water  formed  from 
the  first  steam  which  condenses  in  the  steam  chamber  keeps 
the  large  4-mm.  stopcock  cool  and  out  of  contact  with  the 
passing  steam. 

With  suction  applied  at  I  by  means  of  the  aspirator,  the 
sample  is  removed  and  ammonia-free  rinse  water  drawn  up 
the  condenser  tube  through  the  trap,  G,  and  down  into  the 
distilling  chamber,  through  the  steam  chamber,  C,  and  into 
the  sink. 


Received  January  15,  1936. 
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r  I  ^HE  methods  employed  heretofore  for  determining  sulfur 
A  in  steels  have  not  been  entirely  satisfactory  with  respect 
to  speed  and  accuracy,  particularly  when  applied  to  alloy 
steels.  The  methods  which  involve  weighing  as  barium  sul¬ 
fate  are  tedious  and  much  too  slow  to  serve  as  control  of  a 
steel-making  operation;  the  various  modifications  of  the 
long-used  evolution  method  are  somewhat  lacking  in  accuracy, 
especially  when  applied  to  highly  alloyed  steels,  and  leave 
much  to  be  desired  in  point  of  speed.  Seeking  a  better 
method,  the  authors  decided  to  investigate  the  determination 
of  sulfur  by  combustion  of  the  steel  in  oxygen  as  holding  the 
best  promise  of  meeting  the  requirements,  but  found,  al¬ 
though  a  number  of  papers  on  this  general  procedure  had  been 
published,  that  considerable  additional  study  with  careful 
attention  to  details  of  procedure  was  required  before  they 
could  regard  the  method  as  reasonably  satisfactory. 

A  routine  method  for  the  simultaneous  determination  of 
sulfur  and  carbon  in  steel  by  combustion  in  oxygen  was  re¬ 
ported  by  Holthaus  (3),  following  work  published  by  Schmitz 
(10)  and  Vita  (11,).  Since  that  time  several  other  papers 
(1,  2,  6,  11-13,  15)  have  appeared  dealing  mainly  with  details 
of  the  final  absorption  of  the  sulfur  oxides  formed  in  the  com¬ 
bustion,  and  of  the  method  of  titrating  or  otherwise  estimat¬ 
ing  the  amount  of  sulfur  absorbed.  These  papers,  however, 
consist  largely  of  accounts  of  special  procedures,  and  of  tables 
of  comparative  results  by  combustion  and  gravimetric 
methods;  they  do  not  give  a  thorough  discussion  of  precise 
conditions  which  the  authors’  experience  leads  them  to  believe 
are  necessary  for  best  recovery  of  the  sulfur.  Further,  since 
most  of  the  results  reported  appear  to  be  based  on  some  em- 

Ipirical  titration  factor,  obtained  from  standard  steels,  the 
necessary  conditions  cannot  be  inferred  from  the  published 
details  of  procedure.  Indeed,  the  apparent  use  of  an  em¬ 
pirical  factor  leads  one  to  believe  that  the  method  as  it  has 
been  used  yields  only  some  reasonably  constant  percentage  of 
the  sulfur  present  but  not  all  of  it.  The  authors’  investiga¬ 
tion  indicates  that  not  only  is  this  true,  except  perhaps  for 
certain  special  and  rather  impractical  conditions,  but  that  the 
conditions  requisite  to  a  consistent  high  percentage  recovery 
must  themselves  be  precisely  defined  and  carefully  adhered 
to.  Nor  is  this  surprising,  for  in  a  1.6-gram  sample  of  a  steel 
containing  0.05  per  cent  of  sulfur  there  is  only  0.8  mg.  of 
sulfur.  The  precautions  necessary  for  an  accurate  deter¬ 
mination  of  this  small  amount  may  be  inferred  from  the  fact 
that  the  retention  anywhere  within  the  combustion  tube  or  in 
the  path  of  the  gas  to  the  absorbing  liquid,  of  even  0.1  mg. 


of  sulfur  dioxide,  corresponds  to  an  error  of  0.003  per  cent  on 
the  sulfur  or  6  per  cent  of  the  sulfur  present. 

The  first  essential  is  the  complete  combustion  and  libera¬ 
tion  of  the  sulfur.  A  high  temperature  is  necessary,  ranging 
from  a  minimum  of  1200°  to  1425°  C.,  depending  upon  the 
nature  of  the  steel.  The  authors  have  found  that  a  steel 
which  gives  up  all  its  sulfur  in  10  or  12  minutes  when  burned 
at  1200°  C.  in  oxygen  liberates  only  some  75  per  cent  at 
1100°  C.  The  temperature  must  be  higher  for  the  more 
highly  alloyed  steels ;  it  may  be  reduced  somewhat  by  the  use  of 
metallic  tin  as  a  flux.  The  temperature  suitable  for  various 
types  of  steels  is  listed  in  Table  I;  at  these  temperatures, 
which  are  recommended  as  the  result  of  a  considerable  num¬ 
ber  of  experiments  and  include  a  factor  of  safety,  practically 
all  the  sulfur  from  the  steel  sample  is  evolved  within  a  period 
of  10  or  12  minutes. 

Combustion  technic  in  this  country,  as  applied  to  the 
determination  of  carbon  in  steel,  makes  use  of  a  refractory 
bedding,  usually  alumina,  to  protect  the  boat  from  the  molten 
oxides  formed  by  the  combustion.  This  practice  does  not 
permit  of  complete  liberation  of  the  sulfur,  which  may  be  held 
chemically  by  traces  of  alkali  or  mechanically  in  gas  pockets  in 
the  melt.  All  bedding  materials  which  the  authors  have 
tried  hold  back  sulfur.  Alumina  is  particularly  bad  in  this 
respect;  its  ability  to  fix  sulfur  compounds  was  noted  by 
Isham  and  Aumer  (4)  in  1908  and  by  Rooney  (9)  in  1934,  and 
this  probably  explains  the  very  long  heating  period  found 
necessary  by  Kar  (5).  Since  a  bedding  to  protect  the  boat 
would  be  desirable  if  it  could  be  used,  the  authors  have  tried  a 
number  of  materials  including  alundum,  chrome  ore,  chromic 
oxide,  ferric  oxide,  ferrous  oxide,  magnesite,  stannic  oxide, 
c.  p.  silica,  Ottawa  sand,  various  mesh  sizes  of  broken  boat 
material,  mullite,  titania,  manganese  dioxide,  kaolin,  clay, 
and  zirconia  sand.  Zirconia  sand  is  one  of  the  least  objec¬ 
tionable,  but  because  of  gas  pocket  formation  cannot  be 
used  except  on  a  very  small  sample  (such  as  0.3  gram)  and 
even  then  requires  1300°  C.  for  a  plain  carbon  steel  which 
could  be  run  successfully  at  1200°  C.  without  bedding. 

If  no  bedding  is  used,  the  boat  must  be  discarded  after  a 
single  combustion;  this,  however,  can  be  done  at  compara¬ 
tively  small  expense.  The  boat  must  not  absorb  sulfur, 
must  be  sufficiently  inert  to  the  molten  oxides  to  protect  the 
combustion  tube,  and  must  withstand  the  high  temperature 
of  combustion.  After  all  the  boats  ordinarily  used  hereto¬ 
fore  and  all  obtainable  on  the  market  had  been  tried,  un¬ 
glazed  porcelain  boats  fulfilling  all  these  requirements  were 
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finally  obtained  through  the  cooperation  of  the  McDanel  Re¬ 
fractory  Porcelain  Company. 

Some  writers  have  recommended  the  use  of  a  plug  at  the 
exit  end  of  the  combustion  tube  to  hold  back  the  finely  divided 
iron  oxide  produced  by  the  rapid  combustion  of  the  steel. 
The  authors  have  been  unable  to  find  any  plug  which  does  not 
retain  some  of  the  sulfur  oxides,  and  consequently  use  none. 
In  any  case  they  believe  that  a  plug  is  unnecessary,  for  re¬ 
peated  trials  have  shown  that  the  fume,  even  when  it  passes 
through  the  absorbing  solution,  does  not  affect  the  precision 
or  reproducibility  of  the  titration,  provided  that  the  oxygen 
flow  is  maintained  at  the  maximum  rate  permissible  through 
the  absorption  vessels  and  the  conditions  of  combustion  are 
the  optimum  for  the  evolution  of  the  sulfur.  The  fume  con¬ 
sists  not  only  of  iron  oxide  but  also  of  other  oxides,  and  varies 
both  in  amount  and  composition  with  the  type  and  kind  of 
steel.  The  glass  frit  in  the  absorption  vessel  may  in  time  be¬ 
come  clogged  by  the  fume;  if  so,  it  is  readily  cleaned  by  rins¬ 
ing  in  warm  dilute  hydrochloric  acid  and  subsequent  repeated 
washings  with  water. 

To  ensure  the  quantitative  removal  of  sulfur  from  the 
combustion  tube,  there  should  be  no  cool  exit  end  at  which 
sulfur  trioxide  might  be  adsorbed.  The  authors  maintain 
this  end  at  about  200°  C.  by  keeping  it  close  to  the  heating 
zone  of  the  furnace.  To  withstand  this  temperature  and 
avoid  the  use  of  rubber,  which  readily  absorbs  sulfur  dioxide, 
the  tube  is  connected  to  the  absorption  vessel  by  a  ground 
porcelain-to-glass  joint.  This  joint,  which  can  be  made  by  a 
good  glass-blower,  serves  its  purpose  very  well ;  it  is  gas-tight 
at  the  pressure  used,  yet  easily  discoimected,  an  arrangement 
of  springs  ensuring  against  accidental  disconnection. 

Absorption  of  the  sulfur  oxides  at  the  speed  of  oxygen  flow 
needed  for  rapid  combustion  has  been  attempted  by  various 
devices  ranging  from  straight  tubes  to  a  special  spray  ap¬ 
paratus  ( 8 ).  Sulfur  dioxide  is  absorbed  with  no  particular 
difficulty;  sulfur  trioxide  is  present  in  smaller  amounts  but 
tends  to  form  a  mist  which  may  pass  through  the  usual  ab¬ 
sorption  devices.  A  glass  frit  effects  the  absorption  of  both 
gases  satisfactorily  and  is  convenient  to  use.  (The  authors 
use  a  Jena  frit,  porosity  Gl,  nominal  pore  diameter  100 
to  120  microns.)  The  absorbing  solution  is  a  dilute  neutral 


hydrogen  peroxide.  Estimation  of  the  sulfuric  acid  formed  in 
this  solution  offers  no  difficulty ;  care  must  be  taken,  but  by  a 
proper  choice  of  indicator,  volume,  and  lighting,  the  end 
point  can  be  noted  to  an  accuracy  of  0.05  ml.  of  0.01  Ar 
sodium  hydroxide,  corresponding  to  0.0005  per  cent  of  sulfur 
on  a  1.6-gram  sample  of  steel. 

The  facts  summarized  above  were  discovered  experimen¬ 
tally  by  a  process  of  successive  elimination  of  the  several 
sources  of  error,  a  procedure  which  proved  to  be  unavoidable 
and  required  a  great  number  of  analyses  of  standard  samples 
of  steels  of  every  type  obtainable.  Even  with  all  these  pre¬ 
cautions  the  results  tend  to  be  low,  though  consistent  with 
one  another.  By  washing  out  the  combustion  tube  after  a 
considerable  number  of  samples  have  been  burned,  the  authors 
found  that  some  sulfur  is  retained  in  it,  though  none  seems 
to  be  retained  by  the  boat  as  used.  The  amount  retained  in 
the  tube  seems  insufficient  to  account  for  the  difference  be¬ 
tween  the  authors’  results  and  the  accepted  values.  In  any 
case,  the  results  on  ordinary  steels  of  low  and  medium  sul¬ 
fur  content  are  sufficiently  accurate  for  practical  purposes, 
and  on  any  steel  are  consistent  even  though  they  may  be  low 
by  about  8  per  cent  of  the  accepted  value  on  steels  of  the 
highest  sulfur  content.  In  view  of  its  consistency,  the  method 
may  safely  be  used  on  any  steel  by  use  of  a  factor  established 
by  comparison  with  a  series  of  analyses  of  a  standard  similar 
in  type  to  the  sample;  and  it  is  especially  suitable  for  high- 
alloy  steels  (generally  of  low  sulfur  content)  which  resist  solu¬ 
tion  in  acid. 

Apparatus  and  Reagents 

The  apparatus  for  determining  sulfur,  either  alone  or  in 
conjunction  with  carbon,  closely  resembles  the  usual  carbon 
combustion  train.  In  the  sulfur  determination,  however, 
few  variations  in  apparatus  or  procedure  are  permissible. 
Certain  parts  are  of  special  design,  others  must  be  made  of 
certain  materials  only;  therefore  the  whole  assembly  is  de¬ 
scribed  piece  by  piece  and  in  detail.  The  apparatus  can  be 
purchased  complete  as  a  unit  or  parts  may  be  ordered  sepa¬ 
rately. 

Oxygen  Supply.  The  oxygen  used  should  be  not  less  than 
99.5  per  cent  pure  and  should  be  free  from  carbon  monoxide, 
carbon  dioxide,  or  any  other  acidic  or  carbon-bearing  material. 
If  oxygen  of  this  grade  cannot  be  obtained,  special  provision  must 
be  made  to  purify  it.  Reducing  valves  must  be  used  to  step  the 
cvlinder  pressure  down  to  not  more  than  10  cm.  of  mercury  and 
permit  a  steady  controlled  flow  of  gas  through  the  train.  Several 
different  types  of  valves  suitable  for  this  purpose  are  readily 
obtainable.  It  is  convenient  to  insert  a  bubbler  containing  sul¬ 
furic  acid  to  indicate  the  rate  of  flow. 

Oxygen  Purifying  Train.  With  oxygen  of  the  purity  speci¬ 
fied  above,  there  is  no  need  of  the  purifying  train;  nevertheless, 
as  a  precaution  it  is  customary  to  insert  a  carbon  dioxide  absorb¬ 
ent,  such  as  soda  lime,  followed  by  calcium  chloride.  It  is 
convenient  to  have  attached  to  the  inlet  side  of  the  train  a  reser¬ 
voir,  acting  as  a  pressure  regulator,  from  which  an  auxiliary 
supply  of  oxygen  is  drawn  during  the  actual  combustion. 

Mercury'  Trap  or  Manometer.  Either  may  be  used;  the 
mercury  trap  is  preferred  by  some,  as  it  serves  not  only  to  indi¬ 
cate  the  pressure  roughly,  but  also  to  prevent  back  flow  of  gas. 

Electric  Furnace.  For  the  temperatures  needed  (1200°  to 
1425°  C.)  the  authors  have  used  a  type  of  resistance  furnace  with 
replaceable  silicon  carbide  rods,  which  operates  on  110  or  220 
volts,  alternating  or  direct  current,  and  has  proved  entirely  satis¬ 
factory  for  this  work.  (The  authors  have  used  a  bigh-tempera- 
ture  carbon  combustion  furnace  with  replaceable  Globar  ele¬ 
ments,  controlled  by  a  carbon  rheostat,  all  furnished  by  the 
Burrell  Technical  Supply  Co.)  It  is  about  35  cm.  (14  inches) 
long,  30  cm.  (12  inches)  outside  diameter,  and  takes  a  tube  5  cm. 
(2  inches)  in  diameter.  A  new  furnace  should  be  heated  slowly  to 
the  operating  temperature,  as  very  rapid  heating  may  cause  the 
refractory  to  crack  and  spall  from  the  outer  insulating  material. 
The  furnace  withstands  continuous  service  at  1400°  C.  indefi¬ 
nitely;  the  useful  life  of  the  heating  elements  is  from  1  to  3 
months.  ,, 

Temperature  Control.  Some  means  of  controlling  tne 
temperature  is  desirable,  as  a  temperature  above  that  needed  for  a 
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given  steel  causes  unnecessary  wear  and  tear  on  the  combustion 
tube  and  furnace.  Control  of  the  heating  current  is  accomplished 
simply  by  a  suitable  rheostat  in  series  with  the  furnace.  Such  a 
rheostat  must  be  capable  of  carrying  nearly  30  amperes ;  any  type 
meeting  this  requirement  and  affording  flexible  control  will  do. 
Carbon  plate  resistors  accomplish  stepless  regulation  of  current  ; 
the  more  common  plate  type  of  laboratory  rheostat  is  not  as 
flexible,  but,  in  case  no  ammeter  is  available  to  indicate  the  cur¬ 
rent  flow,  the  approximate  value  may  be  judged  by  the  position 
of  the  contact  arm  if  the  voltage  may  be  assumed  to  remain 
constant. 

The  temperature  is  measured  by  use  of  a  noble  metal  thermo¬ 
couple  whose  hot  junction  is  placed  at  the  middle  of  the  heating 
chamber  as  close  to  the  combustion  tube  as  is  practicable.  It  is 
j  well  to  check  the  temperature  of  this  position  against  that  inside 
of  the  tube  by  sighting  an  optical  pyrometer  on  a  heated  boat  in 
the  combustion  position  while  noting  the  temperature  indicated 
by  the  thermocouple.  Automatic  control  is  easily  applied  and 
is  to  be  recommended  wherever  the  amount  of  work  to  be  done 
justifies  the  expense. 

Combustion  Tube.  Only  an  unglazed,  vitrified  tube  of  por¬ 
celain  may  be  used;  other  commercial  types  are  either  affected 
by  the  high  temperature  or  tend  to  react  to  some  extent  with  the 
sulfur  dioxide  evolved.  The  tube  life  should  be  as  long  as  is 
usual  in  the  case  of  carbon  determinations.  As  to  size,  a  tube  2.6 
cm.  (1.125  inches)  inside  diameter  and  68  or  70  cm.  (27  or  28 
inches)  in  length  has  been  found  most  satisfactory,  though  the 
length  may  be  reduced  to  62.5  cm.  (25  inches)  if  suitable  provision 
is  made  for  keeping  the  intake  end  reasonably  cool.  The  exit 
end  is  connected  to  the  absorption  vessel  by  a  ground  porcelain- 
to-glass  joint.  By  carefully  standardizing  the  taper  and  grinding 
of  the  two  tubes,  the  parts  have  been  made  interchangeable  so 
that  a  gas-tight  joint  is  seemed  between  any  combustion  tube 
connected  to  any  standard  absorber.  The  joint  is  seated  and 
held  firmly  in  place  by  means  of  spiral  springs  anchored  to  the 
safety  shield  of  the  furnace  and  ending  in  hooks  which  slip  over 
lugs  on  the  inlet  tube  of  the  absorber.  Details  of  this  connection 
are  shown  in  Figure  1. 

Combustion  Boat.  The  boat  material  must  be  carefully 
selected.  The  shape  also  is  designed  to  permit  easy  evolution 
of  the  sulfur;  the  boats  are  rectangular  in  plan  with  length  10 
cm.  (4  inches),  width  2  cm.  (0.8  inch),  and  depth  1  cm.  (0.4  inch), 
outside  dimensions.  The  walls  are  thin  and  at  right  angles  to 
the  flat  bottom,  affording  a  large  bottom  surface  upon  which  the 
sample  can  be  thinly  spread  in  a  single  layer. 

Absorption  Vessel.  This  vessel  20  cm.  (8  inches)  in  height 
land  3  cm.  (12  inches)  n  diameter,  shown  in  Figure  1,  consists  of 
an  inlet  tube,  connected  through  the  interchangeable  ground 
joint  with  the  combustion  tube,  sealed  to  a  glass  frit  (Jena  Gl), 

.  which  breaks  the  gas  stream  into  a  cloud  of  small  bubbles,  thus 
-  effecting  complete  absorption  of  the  sulfur  dioxide  and  sulfur 
i trioxide  in  the  solution  in  the  vessel.  The  inlet  tube  enters  the 
i  absorption  vessel  through  a  ground-glass  joint,  so  that  the  gas 
passing  through  this  vessel  may  be  forced  without  loss  through 
the  train  for  carbon  absorption.  The  solution  is  rendered  dis¬ 
tinctly  acid  by  absorption  of  the  sulfur  gases,  and  retains  none 
of  the  carbon  dioxide,  even  that  which  would  normally  dissolve 
being  swept  out  by  the  stream  of  carbon  dioxide-free  oxygen 
passed  after  the  combustion  is  complete. 

Reagents.  The  0.5  per  cent  hydrogen  peroxide  solution 
must  be  made  by  dilution  with  carbon  dioxide-free  water. 
A  convenient  strength  for  the  sodium  hydroxide  solution  is  0.01  N; 
this  also  must  be  made  up  and  kept  free  of  carbon  dioxide.  It  is 
well  to  have  at  hand  0.01  N  acid  for  back-titration  or  for  deliber¬ 
ate  adjustment  of  an  end  point. 

Procedure 

Determination  of  Sulfur  Alone.  First  make  sure  that  the 
•ulfur  absorber  is  perfectly  clean  and  otherwise  in  good  condi- 
ion.  If  the  frit  or  vessel  appears  to  contain  much  oxide  fume, 
add  a  little  warm  1  to  1  hydrochloric  acid  through  the  intake 
ube,  then  rinse  thoroughly  with  distilled  water  until  the  wash- 
ngs  are  neutral  to  the  methyl  red  indicator.  Transfer  to  the 
absorber  50  ml.  of  a  0.5  per  cent  hydrogen  peroxide  solution  (pre¬ 
oared  by  diluting  17  ml.  of  30  per  cent  hydrogen  peroxide  to  1000 
nl.  with  carbon  dioxide-free  water)  and  add  2  to  3  drops  of 
nethyl  red  indicator,  prepared  by  dissolving  0. 1  gram  of  methyl 
ed  in  60  ml.  of  85  to  95  per  cent  alcohol  and  diluting  to  100  ml. 
kith  carbon  dioxide-free  water.  If  the  solution  is  red  in  color, 
as  it  generally  is,  owing  to  a  trace  of  acid  in  the  peroxide,  add 
9.01  A  carbonate-free  sodium  hydroxide  solution  dropwise  until 
one  drop  just  dispels  the  red  color;  this  is  taken  as  the  end  point. 

Id  this  point  is  overtitrated,  add  one  or  more  drops  of  0.01  N  car- 
ion  dioxide-free  acid,  and  adjust  to  the  end  point  with  the 
tandard  sodium  hydroxide  solution. 


Next  transfer  1.6  grams  of  the  steel  sample  (0.8  gram,  if  sulfur 
is  over  0.3  per  cent)  to  a  clean  new  combustion  boat,  spreading  the 
drillings  or  chips  over  the  bottom  so  that  they  lie  as  nearly  as 
possible  in  a  single  layer.  If  tin  is  required  as  an  accelerator, 
spread  0.15  to  0.2  gram  of  tin  shot  (20-mesh)  over  the  sample, 
distributing  it  as  evenly  as  possible. 

Push  the  boat  into  the  combustion  tube  for  a  distance  of  5  to  7 
cm.  (2  to  3  inches),  and  attach  the  sulfur  absorber  to  the  exit  end 
of  the  tube,  making  sure  that  all  parts  are  held  firmly  together 
by  the  rubber  bands  and  the  coil  springs  provided  for  the  pur¬ 
pose.  Finally,  push  the  boat  into  the  hottest  zone  of  the  tube, 
insert  the  stopper,  and  turn  on  the  oxygen  do  flow  at  the  rate  of 
about  300  ml.  per  minute.  Continue  to  admit  the  oxygen  at 
this  rate  for  10  minutes.  The  solution  in  the  sulfur  absorber 
will  suddenly  turn  red  in  color  as  the  evolved  sulfur  dioxide 
reaches  it.  When  sufficient  time  has  elapsed  to  sweep  all  the 
sulfur  gases  out  of  the  tube,  turn  off  the  oxygen  and  disconnect 
the  absorber;  if  its  temperature  has  been  noticeably  raised, 
place  it  in  running  water  to  cool.  Then  pull  the  boat  out  of  the 
furnace  and  discard  it;  in  removing  the  boat  do  not  let  it  rest  in 
the  cold  end  of  the  tube  as  it  may  crack  the  tube,  but  pull  it  out 
at  one  stroke  and  without  a  stop  on  to  the  receiving  tray  held  just 
under  and  in  front  of  the  opening. 

Using  the  glass  frit  with  its  delivery  tube  as  a  plunger,  add  the 
0.01  N  sodium  hydroxide  solution  until  the  red  color  just  dis¬ 
appears.  Rinse  the  frit  three  times  through  the  inlet  end  of  the 
tube  by  means  of  a  stream  of  carbon  dioxide-free  water  from  a 
wash  bottle,  adding  the  rinsings  to  the  solution  in  the  absorber, 
and  once  more  add  the  standard  sodium  hydroxide  solution  to  the 
disappearance  of  the  red  color.  Finally  raise  the  frit  over  the 
surface  of  the  liquid,  allow  it  to  drain,  and  complete  the  titra¬ 
tion  if  the  red  color  reappears.  If  the  solution  is  exactly  0.01  N 
and  1.6  grams  of  sample  were  used,  the  number  of  milliliters 
used  gives  the  sulfur  in  hundredths  of  one  per  cent.  Otherwise, 
multiply  the  number  of  milliliters  used  by  the  sulfur  titer  of  the 
solution,  multiplied  by  100,  and  divide  by  the  weight  of  sample 
used. 

The  titrated  solution  is  poured  from  the  absorber  and  replaced 
with  another  50  ml.  of  the  hydrogen  peroxide  solution  prepara¬ 
tory  to  another  determination.  No  rinsing  of  the  absorber  is 
necessary  except  after  cleaning  with  acid. 

Minimum  Combustion  Temperature  for  Different 
Steels.  It  is  desirable  to  operate  at  the  lowest  temperature 
possible  to  prolong  the  useful  life  of  the  tube  and  heating 
elements.  The  exact  temperature  necessary  varies  some¬ 
what  with  the  kind  of  steel  being  analyzed  and  the  time 
available  for  continuing  the  stream  of  oxygen  through  the 
train.  If  no  tin  or  other  accelerator  is  used,  the  lowest  safe 
operating  temperatures  and  other  operating  data  for  a  number 
of  steels  are  given  in  Table  I. 

Table  I.  Minimum  Combustion  Temperature 

Total  Time 


Wt.  of 

Lowest  Safe 

Rate"  of 

of  Passing 

Kind  of  Steel 

Sample 

Temperature 

O2  Flow 

O2 

Grams 

°  c. 

°  F. 

Ml. /min. 

Min. 

Plain  carbon 

1.6 

1200 

2200 

250 

12 

Low  alloy 

1.6 

1260 

2300 

250 

12 

18-8 

1.6 

1340 

2450 

250 

12 

25%  chrome 

1.6 

1400 

2550 

250 

12 

High-speed  tool 

1.6 

1370 

2500 

250 

12 

These  temperatures  are  satisfactory  for  the  sulfur  deter¬ 
mination  without  the  use  of  tin,  but  for  complete  carbon 
elimination  tin  shot  should  be  added  to  samples  of  the  last 
four  types.  This  use  of  flux  also  permits  a  somewhat  lower 
combustion  temperature  for  sulfur  liberation,  thus  con¬ 
serving  heating  elements  and  combustion  tube.  Hence  the 
addition  of  tin  and  a  temperature  of  1300°  to  1350°  C.  are 
recommended  for  steels  containing  more  than  20  per  cent  of 
chromium  or  more  than  30  per  cent  of  total  alloying  elements. 

At  these  temperatures  combustion  of  the  steel  is  com¬ 
plete  within  3  minutes  after  pushing  the  boat  into  the  hot 
zone  and  turning  on  the  oxygen.  The  rest  of  the  time  is 
required  to  sweep  the  sulfur  dioxide  and  carbon  dioxide  com¬ 
pletely  into  the  absorption  vessel,  this  depending  upon  the 
maximum  flow  that  can  be  maintained.  The  maximum  flow 
in  turn  depends  upon  the  porosity  and  condition  of  the  bub¬ 
bler  in  the  sulfur  absorber,  and  on  the  method  used  for 
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Table  II.  Determination  of  Sulfur  Alone 


Standard  Employed 


U.  S.  Steel  Corp. 

Standard  K,  plain  steel 
Standard  L,  plain  steel 
Bureau  of  Standards  Standard  Sample 
35a,  plain  steels 
16b,  plain  steel 
9c,  plain  steel 
16c,  plain  steel 
13c,  plain  steel 
20c,  plain  steel 
8d,  plain  steel 
55,  ingot  iron 

50,  W  17.56,  V  0.756,  Cr  3.61 
73,  Cr  13.93,  Ni  0.072,  Si  0.360 
101,  18—8  steel 

105,  special  high  sulfur,  not  standard 
for  sulfur 


. - Certificate  Value  of  Standard 

,  Sulfur - - 

Value  Obtained  by  Combustion  as 

Described,  Sulfur 

No.  of 

No.  of 

analyses 

High 

Low 

Av. 

analyses 

High 

Low 

Av. 

% 

% 

% 

% 

% 

% 

25 

0.121 

0.104 

0.114 

ii 

0.111 

0.101 

0.106 

25 

0.064 

0.056 

0.059 

9 

0.059 

0.053 

0.056 

17 

0.039 

0.030 

0.037 

2 

0.044 

0.044 

0.044 

15 

0.032 

0.028 

0.031 

1 

0.033 

21 

0.040 

0.034 

0.036 

1 

0.036 

21 

0.046 

0.039 

0.044 

3 

0  043 

0.042 

0.042 

11 

0.025 

0.020 

0.023 

1 

0.023 

16 

0.028 

0.024 

0.026 

1 

0.028 

18 

0.088 

0.081 

0.083 

12 

0  078 

0.075 

0.077 

14 

0.019 

0.014 

0.017 

4 

0.017 

0.015 

0.016 

12 

0.034 

0.026 

0.031 

17 

0.033 

0.030 

0.031 

17 

0.034 

0.027 

0.031 

2 

0.027 

0.027 

0.027 

20 

0.015 

0.010 

0.013 

21 

0.012 

0.010 

0.011 

About  0 . 6 

4 

0.54 

0.52 

0.53 

a  Bureau  of  Standards  does  not  recommend  this  steel  as  a  standard  for  sulfur  by  evolution  method. 


determining  the  carbon.  In  the  gravimetric  method  for 
carbon  the  maximum  flow  through  the  bubbler  governs ;  in  the 
volumetric  method  the  maximum  flow  permissible  through  the 
carbon  dioxide  absorption  bulb  is  the  controlling  factor. 

Simultaneous  Determination  of  Sulfur  and  Carbon. 
Since  this  type  of  sulfur  absorber  removes  all  oxides  of  sulfur 
(as  found  by  direct  trial)  carbon  may  be  determined  simul¬ 
taneously  by  leading  the  gases  from  it  through  a  carbon  ab¬ 
sorption  train  arranged  for  either  the  volumetric  or  the  gravi¬ 
metric  determination  of  carbon.  For  the  gravimetric  deter¬ 
mination  of  carbon  it  is  essential  that  the  concentration  of 
water  vapor  in  the  gases  entering  the  carbon-absorption 
bulb  be  controlled  so  that  no  appreciable  amount  of  water  is 
either  yielded  to,  or  abstracted  from,  that  bulb.  This  can  be 
done  by  use  of  a  sulfuric  acid  bubbler,  followed  by  a  tower 
containing  the  identical  desiccant  used  in  the  carbon-absorp¬ 
tion  bulb.  The  type  of  bubbler  described  by  Lundell,  Hoff¬ 
man,  and  Bright  (7)  is  convenient,  as  it  readily  permits  the 
acid  to  be  changed  after  each  run  without  disconnection  of 
the  tower.  If  the  carbon  is  to  be  determined  volumetrically 
and  is  under  0.60  per  cent,  use  1.6  grams  of  sample;  if  more 
than  0.60  per  cent  carbon  is  expected,  use  0.8  gram  of  sample. 
If  the  carbon  is  to  be  determined  gravimetrically,  1.6  grams  of 
sample  may  be  used  for  all  steels  containing  less  than  0.3 
per  cent  of  sulfur,  regardless  of  the  percentage  of  carbon 
present. 

Determination  of  Selenium  Simultaneously  with 
Sulfur  and  Carbon.  In  the  method  as  described  selenium 
is  evolved  as  SeCh.  Unfortunately  the  selenium  dioxide 
begins  to  sublime  at  250°  C.  and,  consequently,  condenses  in 
the  cooler  portion  of  the  combustion  tube.  Research  is  now 
being  carried  on  with  a  view  to  devising  a  method  wdiich  will 
permit  the  determination  of  selenium  as  well  as  sulfur  and 
carbon.  The  work  done  so  far  looks  very  promising  and 
indicates  that  a  solution  of  the  problem  in  the  near  future  may 
be  anticipated. 


Results 

Some  typical  results  on  a  variety  of  steels  are  presented  in 
Tables  II  and  III,  all  obtained  by  following  the  exact  pro¬ 
cedure  described  above,  which  show  that  this  analytical 
method  is  capable  of  yielding  consistent  results,  either  for 
sulfur  alone  or  for  sulfur  and  carbon  simultaneously. 

It  is  to  be  noted  that  these  results  are  nearly  always  some¬ 
what  lower  than  the  accepted  standard  values,  the  differ¬ 
ence  being  greater  the  higher  the  sulfur  content.  A  part  of 
this  difference  arises  from  the  fact  that  a  trace  of  the  sulfur 
gases  is  retained  within  the  combustion  tube.  Another  pos¬ 
sible  source  of  slight  error  is  that  the  combustion  of  the  steel 
under  the  authors’  conditions  sometimes  produces  a  slight 
fume,  visible  in  the  absorption  vessel,  the  amount  varying 
from  one  steel  to  another,  and  that  this  fume  may  in  effect 
fix  a  trace  of  the  sulfur  oxides.  The  authors  have,  however, 
been  unable  to  establish  this  effect,  and  mention  this  pos¬ 
sibility  merely  because  the  results  on  one  steel,  which  evolved 
a  larger  amount  of  fume,  appeared  to  be  relatively  lower,  in 
comparison  to  the  accepted  values,  than  those  on  the  other 
steels.  It  is  their  present  belief  that  these  two  sources  of 
error  do  not  suffice  to  account  for  the  differences  between  their 
results  obtained  by  the  combustion  method  and  the  accepted 
values,  and  that  the  reason  for  these  differences  can  be  dis¬ 
covered  only  by  further  careful  investigation  both  of  the  com¬ 
bustion  method  and  of  the  methods  by  which  the  accepted 
values  were  obtained.  In  the  meantime  it  seemed  worth 
while  to  publish  this  study  of  the  method,  which  in  any  case 
is  satisfactory  for  steels  of  low  sulfur  content,  and  particu¬ 
larly  for  high-alloy  steels  which  are  not  easily  analyzed  for 
sulfur  by  other  methods. 

Summary 

The  apparatus  and  procedure  are  described  in  detail  for  the 
determination,  within  15  minutes,  of  sulfur  or  of  sulfur  and 


Table  III.  Simultaneous  Determination  of  Sulfur  and  Carbon 


Standard  Employment 


Bureau  of  Standards,  13c,  plain  steel 
Bureau  of  Standards,  50,  alloy  steel, 
W  17.56,  V  0.756,  Cr  3.61 
Bureau  of  Standards,  101,  18—8  steel 
Standard  B,  plain  steel 
Bureau  of  Standards,  105,  special  high- 
sulfur,  provisional  certificate 
°  Carbon  determined  volumetrically. 
b  Carbon  determined  gravimetrically. 


Certificate  Value  of  Standards  Employed 


Values  Obtained  by  Combustion 


No. 

- CarboD — 

No. 

of 

Sulfur  — 

No. 

of 

Ci 

irbon — 

analy 

ses 

High 

% 

Low 

% 

Av. 

% 

analy¬ 

ses 

High 

% 

Low 

% 

Av. 

% 

analy¬ 

ses 

High 

% 

Low 

% 

Av. 

% 

High 

% 

Low 

% 

Av. 

% 

9 

0.583 

0.569 

0.573 

14 

0.025 

0.020 

0.023 

5 

0.582 

0.563 

0 . 572a 

0.020 

0.020 

0.020 

13 

13 

3 

0.682 

0.064 

0.630 

0.058 

0.656 

0 . 063 
0.109 

12 

20 

3 

0.034 

0.015 

0.026 

0.010 

0.031 

0.013 

0.031 

5 

2 

10 

0.680 

0.065 

0.110 

0.665 

0.060 

0  102 

0.671& 

0 . 063 

0. 106  5 

0.031 

0.012 

0 . 033 

0.030 

0.010 

0.026 

0.030 

0.011 

0.030 

0.193 

About  0.6 

1 

0 . 21a 

0.52 
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carbon  simultaneously,  in  all  kinds  of  steels,  by  combustion 
of  the  steel  in  oxygen  at  a  high  temperature.  The  results  for 
sulfur  are  slightly  lower  than  the  values  commonly  accepted 
as  correct,  but  are  consistent  and  reproducible  and  satis¬ 
factorily  accurate  for  most  practical  purposes,  particularly  in 
high-alloy  steels  containing  little  sulfur. 
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The  Dextrose-Levulose  Ratio  and  the  Polarizing 
Constants  of  Raw  Cane  Sugars 

F.  W.  ZERBAN,  New  York  Sugar  Trade  Laboratory,  Inc.,  80  South  St.,  New  York,  N.  Y. 


UNTIL  recently  the  only  practical  method  for  the  deter¬ 
mination  of  dextrose  and  levulose  in  raw  sugars  was 
that  of  Browne  ( 1 ),  based  on  the  difference  between  sucrose,  S, 
and  direct  polarization,  P,  and  the  total  reducing  sugars,  R. 
The  ratio  between  S  —  P  and  R  has  been  termed  the  “polarizing 
constant.”  The  numerical  value  of  the  constant  is  about  0.3 
when  the  reducing  sugars  consist  of  dextrose  and  levulose  in 
equal  proportions,  varies  inversely  with  the  dextrose-levulose 
ratio,  and  becomes  negative  when  this  ratio  rises  above  64  to 
36. 

To  calculate  the  percentages  of  dextrose  and  levulose  in  a 
raw  sugar  from  S  —  P  and  R,  Browne  makes  use  of  Equations 
1  and  2 : 


x  +  ky  =  R 
cx  +  Ciy  +  S  =  P 


(1) 

(2) 


where  x  and  y  are  the  percentages  of  dextrose  and  levulose, 
respectively,  k  is  the  reducing  ratio  of  levulose  to  dextrose,  c 
the  polarizing  ratio  of  dextrose  to  sucrose  at  20°  C.,  Ci  that 
of  levulose  to  sucrose,  R  the  percentage  of  total  reducing 
sugars,  expressed  as  dextrose,  P  the  direct  polarization  of  the 
normal  weight  solution  at  20°  C.,  and  S  the  percentage  of  su¬ 
crose  found  by  inversion  with  invertase. 

Solving  the  equations  for  x  and  y, 


y  =  percentage  of  levulose 


cR+S  -  P 


kc  —  Ci 

x  —  percentage  of  dextrose  =  R  —  ky 

The  numerical  value  of  c  is  52.74  ;  66.5  =  0.793,  that  of  Ci 
is  —92.88  :  66.5  =  —1.397.  The  latter  varies  somewhat  with 
concentration  and  temperature,  but  in  practice  only  the  tem¬ 
perature  correction  needs  to  be  considered,  and  it  is  best  to 
Rake  all  polarizations  at  exactly  20°  C.  For  k  an  average 
ralue  of  0.915  may  be  used  if  Allihn’s  method  of  reducing 
sugar  determination  is  employed. 

Applying  this  method  to  the  analysis  of  mixtures  of  pure 
sugars,  Browne  found  that  it  gives  very  good  results  when  the 
•atio  between  sucrose  and  reducing  sugars  is  low.  But  when 
she  ratio  is  high,  as  in  raw  sugars,  the  difference  between  the 
sucrose  and  the  direct  polarization  becomes  very  small,  and 
iny  error  in  the  polarimetric  readings  has  a  large  effect  on  the 
percentages  of  dextrose  and  levulose  found,  especially  if  the 
'rrors  in  the  two  readings  happen  to  be  in  the  opposite  direc¬ 


tion.  In  one  experiment,  with  a  mixture  of  98  per  cent  of 
sucrose  and  1  per  cent  each  of  dextrose  and  levulose,  Browne 
found  0.75  per  cent  of  dextrose  and  1.17  per  cent  of  levulose — 
that  is,  a  percentage  ratio  of  39.1  between  dextrose  and  total 
reducing  sugars,  instead  of  50. 

In  1934  Zerban  and  Wiley  (J)  published  a  new  method  for 
the  determination  of  dextrose  and  levulose  in  the  presence  of 
large  amounts  of  sucrose,  extending  previous  work  by  Jack- 
son  and  Mathews  (3)  to  the  analysis  of  raw  sugars.  The 
total  reducing  sugars  are  determined  by  the  method  of  Lane 
and  Eynon,  and  the  levulose  is  determined  by  selective  reduc¬ 
tion  of  a  modified  Ost’s  solution  at  55°  C.  A  table  of  Lane 
and  Eynon  factors  for  10  ml.  of  Soxhlet  solution  and  for  mix¬ 
tures  of  dextrose  and  levulose  in  all  possible  proportions,  in  the 
presence  of  10  or  25  grams  of  sucrose,  has  been  given  by  Zer¬ 
ban  and  Wiley  (4),  as  well  as  a  method  for  calculating  the  per¬ 
centages  of  dextrose  and  of  levulose,  by  successive  approxima¬ 
tions.  The  calculation  may  be  shortened  materially  by  the 
use  of  Equations  3  and  4 : 


ax  +  y  =  R 
0.0806  x  +  y 


=  Ri 


(3) 

(4) 


where  x  and  y  are  the  milligrams  of  dextrose  and  levulose, 
respectively,  in  100  ml.  of  solution  analyzed.  R  represents 
milligrams  of  total  reducing  sugars,  expressed  as  levulose,  in 
100  ml.  of  solution. .  It  is  calculated,  as  usual,  by  multiplying 
the  Lane  and  Eynon  factor  in  Table  I  by  100,  and  dividing  by 
the  titer  found,  a  is  the  varying  reducing  ratio  between  dex¬ 
trose  and  levulose,  and  is  also  given  in  Table  I.  Ri  is  the 
milligrams  of  apparent  levulose  in  100  ml.  of  solution,  found 
by  the  method  of  Jackson  and  Mathews,  and  corrected  for 
the  reducing  effect  of  the  sucrose.  The  factor  0.0806  is  the 
constant  reducing  ratio  of  dextrose  to  levulose  in  the  method 
of  Jackson  and  Mathews,  12.4  mg.  of  dextrose  having  the 
same  reducing  effect  as  1  mg.  of  levulose. 

Solution  of  Equations  3  and  4  gives 

_  p 

x  =  mg.  of  dextrose  in  100  ml.  of  solution  = - - — — 

a  —  0.0806 

y  =  mg.  of  levulose  in  100  ml.  of  solution  =  R  —  ax 

The  values  of  the  denominator,  a  —  0.0806,  are  also  in¬ 
cluded  in  Table  I. 
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Table  I.  Lane  and  Eynon  Factors  and  Reducing  Ratios 
for  Determination  of  Dextrose  and  Levulose  in  Raw 

Sugars 

, - 10  Grams  of  Sucrose - -  - - 25  Grams  of  Sucrose - - 


Titer 

Lane 

and 

Eynon 

factor 

Re¬ 

ducing 

ratio, 

a 

0°0806 

Titer 

Lane 

and 

Eynon 

factor 

Re¬ 

ducing 

ratio, 

a 

a  — 

0 . 0806 

15 

48.1 

1.0434 

0.9628 

15 

44.7 

1.0419 

0  9613 

16 

48.0 

1.0430 

0.9624 

16 

44.6 

1 . 0396 

0 . 9590 

17 

47.9 

1 . 0426 

0.9620 

17 

44.4 

1 . 0375 

0.9569 

18 

47.9 

1.0422 

0  9616 

18 

44.3 

1.0356 

0.9550 

19 

47.8 

1.0418 

0.9612 

19 

44.1 

1.0339 

0 . 9533 

20 

47.7 

1.0414 

0 . 9608 

20 

44.0 

1 . 0324 

0.9518 

21 

47.6 

1.0410 

0 . 9604 

21 

43.9 

1.0311 

0.9505 

22 

47.5 

1 . 0406 

0  9600 

22 

43.8 

1.0300 

0 . 9494 

23 

47.5 

1 . 0402 

0.9596 

23 

43.7 

1.0290 

0.9484 

24 

47.4 

1.0398 

0  9592 

24 

43.6 

1.0281 

0.9475 

25 

47.3 

1 . 0394 

0.9588 

25 

43.5 

1.0273 

0.9467 

26 

47.2 

1.0390 

0.9584 

26 

43.4 

1.0266 

0.9460 

27 

47.1 

1  0386 

0 . 9580 

27 

43.3 

1 . 0260 

0.9454 

28 

47.1 

1 . 0382 

0.9576 

28 

43.2 

1.0255 

0 . 9449 

29 

47.0 

1.0378 

0.9572 

29 

43.1 

1.0251 

0.9445 

30 

46  9 

1.0374 

0.9568 

30 

43.0 

1 . 0248 

0.9442 

31 

46.8 

1.0370 

0.9564 

31 

42.9 

1.0247 

0.9441 

32 

46.8 

1  0366 

0 . 9560 

32 

42.9 

1.0247 

0.9441 

33 

46.7 

1.0362 

0.9556 

33 

42.8 

1 . 0246 

0.9440 

34 

46.7 

1.0358 

0.9552 

34 

42.7 

1 . 0246 

0.9440 

35 

46.6 

1 . 0354 

0  9548 

35 

42.6 

1.0246 

0.9440 

36 

46.6 

1.0350 

0.9544 

36 

42.6 

1.0245 

0 . 9439 

37 

46.5 

1.0346 

0.9540 

37 

42.5 

1 . 0245 

0.9439 

38 

46.5 

1.0342 

0  9536 

38 

42.5 

1.0245 

0.9439 

39 

46  4 

1 . 0338 

0.9532 

39 

42.4 

1 . 0245 

0 . 9439 

40 

46.4 

1.0334 

0.9528 

40 

42.3 

1.0245 

0.9439 

41 

42 

46.4 

1.0330 

0.9524 

41 

42.2 

1.0244 

0.9438 

46.3 

1 . 0326 

0  9520 

42 

42.1 

1.0244 

0.9438 

43 

46.3 

1 . 0322 

0.9516 

43 

42.1 

1 . 0244 

0.9438 

44 

46.2 

1.0318 

0.9512 

44 

42.0 

1.0244 

0.9438 

45 

46.2 

1.0314 

0 . 9508 

45 

41.9 

1.0244 

0.9438 

46 

46.2 

1.0313 

0 . 9507 

46 

41.8 

1.0243 

0.9437 

47 

46.2 

1  0312 

0 . 9506 

47 

41.7 

1 . 0243 

0.9437 

48 

46.1 

1.0312 

0.9506 

48 

41.7 

1 . 0243 

0.9437 

49 

46.1 

1.0311 

0.9505 

49 

41.6 

1.0243 

0.9437 

50 

46.1 

1.0311 

0  9505 

50 

41.5 

1.0243 

0.9437 

There  is  a  small  error  in  the  final  result  for  dextrose  and 
levulose,  because  the  reducing  ratio  between  the  two  sugars 
varies  not  only  with  the  concentration  of  either  present  alone, 
but  slightly  also  with  the  proportion  between  the  two,  but 
this  error  does  not  exceed  0.23  per  cent  of  the  final  results.  In 
the  analysis  of  mixtures  containing  0.5  to  1.5  per  cent  of  total 
dextrose  and  levulose,  the  remainder  being  sucrose,  the  maxi¬ 
mum  experimental  error  was  found  to  cause  a  change  of  only 
2  units  in  the  percentage  ratio  between  dextrose  and  total  re¬ 
ducing  sugars,  considerably  less  than  in  the  older  method 
based  on  combined  polarimetric  and  reduction  measurements. 
The  mean  error  was  only  ±1.0  unit.  However,  when  mix¬ 
tures  with  a  high  proportion  of  reducing  sugars  and  only  small 
quantities  of  sucrose  are  to  be  analyzed,  the  older  method  will 
give  more  reliable  results  because  the  error  in  the  reducing 
sugar  determinations  becomes  greatly  multiplied. 

When  either  of  the  two  methods  described  is  applied  to  the 
analysis  of  raw  sugars,  other  sources  of  error  arise,  due  to  the 
presence  of  nonsugars  which  may  be  optically  active  or  have 
copper-reducing  power,  and  possibly  of  other  reducing  sugars 
besides  dextrose  and  levulose.  Optically  active  impurities 
will  alter  the  direct  polarization,  although  they  do  not  affect 
the  sucrose  value,  provided  that  invertase  is  used  for  hydroly¬ 
sis.  The  impurities  are  at  least  partially  removed  by  proper 
clarification.  The  polarization  after  deleading  must  be  used 
for  P,  and  not  the  direct  polarization  in  the  presence  of  excess 
lead.  It  is  necessary,  therefore,  to  delead  the  entire  filtrate 
from  the  lead  precipitate,  and  to  determine  P  and  S  in  the  re¬ 
sulting  solution.  Under  these  circumstances  the  volume  of 
the  lead  precipitate  does  not  affect  the  difference  between  S 
and  P. 

Clarification 

There  is  considerable  difference  of  opinion  with  regard  to 
clarification  prior  to  reducing-sugar  determinations.  Some 
writers  maintain  that  treatment  with  neutral  lead  acetate  is 
necessary  in  order  to  remove  reducing  nonsugars;  others  have 


not  been  able  to  find  such  nonsugars  in  cane  products,  and 
even  advise  against  the  use  of  lead  acetate  because  it  may  pre¬ 
cipitate  reducing  sugars.  There  is  general  agreement,  how¬ 
ever,  that  it  is  necessary  to  remove  calcium  salts  and  also  any 
excess  of  lead  if  used.  The  safest  way  probably  is  to  clarify 
with  a  minimum  of  neutral  lead  acetate,  and  to  remove  the 
excess  lead.  This  procedure  has  been  used  in  the  present  in¬ 
vestigation,  dry  potassium  oxalate  being  added  to  the  filtrate 
from  the  lead  precipitate  to  remove  both  lead  and  calcium. 

Because  of  our  meager  knowledge  of  the  errors  caused  by 
the  impurities  still  remaining  after  clarification,  it  is  impos¬ 
sible  to  tell  definitely  which  of  the  two  methods  may  be  ex¬ 
pected  to  give  more  reliable  results  in  the  analysis  of  actual 
sugar  products.  This  will  depend  in  a  large  measure  on  the 
purity  of  the  material  to  be  analyzed.  The  results  obtained 
with  mixtures  of  pure  sugars  would  indicate  that  the  method 
combining  polarization  and  reducing  power  is  preferable  for 
low-purity  products  that  are  high  in  reducing  sugars.  In  the 
case  of  high-purity  products  with  low  content  of  reducing 
sugars,  the  amount  of  reducing  nonsugars  is  probably  small 
in  comparison  to  the  total  reducing  sugars.  Furthermore,  if 
two  copper-reduction  methods  are  combined,  the  effect  of  the 
presence  of  other  reducing  substances  besides  dextrose  and 
levulose  may  be  expected  to  be  similar  in  both. 

Application  of  Methods 

The  errors  in  polarimetric  measurements  may  be  greatly 
reduced  by  the  use  of  modern  high-precision  equipment,  and  in 
individual  cases  the  choice  between  methods  will  be  deter¬ 
mined  by  the  apparatus  available.  •  The  limitations  of  all 
combined  methods  must  always  be  kept  in  mind  in  the  inter¬ 
pretation  of  results. 

Both  methods  described  above  have  been  applied  to  the 
analysis  of  100  typical  raw  sugars  received  by  the  New  York 
Sugar  Trade  Laboratory  during  the  past  2  years.  These  in¬ 
cluded  33  samples  from  Cuba,  21  from  Puerto  Rico,  15  from 
the  Philippines,  10  from  Hawaii,  9  from  Santo  Domingo,  and 
12  from  miscellaneous  sources.  It  is  usually  not  known  how 
much  time  has  elapsed  between  the  manufacture  of  a  given 
sugar  and  its  discharge  at  mainland  ports.  For  this  reason 
the  results  obtained  reflect  merely  the  composition  of  the  sugar 
after  arrival  at  its  destination,  and  not  in  its  original  state. 
There  were  two  samples,  however,  which  were  known  to  have 
been  stored  for  at  least  one  year,  and  the  results  obtained  with 
these  are  discussed  separately  (Table  VI). 

In  order  to  save  space,  the  results  are  not  given  in  full,  but 
some  typical  examples  are  shown  in  Table  II.  The  method 
combining  polarization  and  reducing  power  is  designated  as 
I,  and  that  based  on  two  different  copper-reduction  methods 
as  II.  The  polariscopic  work  was  done  by  C.  A.  Gamble; 
the  reducing  sugar  determinations  in  the  first  half  of  the 
samples  were  made  by  M.  H.  Wiley,  in  the  second  half  by 
Carl  Erb. 


Table  II.  Analyses  of  Some  Individual  Samples 


No. 

Ra 

—  Method  I - - 

(5  -  P )/ 
D  %  Ri  Rc 

Ra 

—  Method 

D  %  R  i- 

II - . 

(S  -  P )/ 
R<= 

66 

1.55 

55.5 

0.181 

1.55 

55.7 

0.175 

67 

1.40 

41.9 

0.480 

1.39 

47.1 

0.366 

83 

0.73 

47.5 

0.358 

0.73 

44.6 

0.425 

91 

0.73 

45.1 

0.412 

0.73 

41.8 

0.478 

16 

0.88 

51.5 

0.273 

0.88 

51.0 

0.273 

24 

1.06 

48.8 

0.330 

1.06 

52.3 

0.255 

32 

1.23 

51.5 

0.268 

1.23 

47.0 

0.366 

43 

1.16 

49.6 

0.311 

1.15 

44.9 

0.348 

6 

0.61 

45.0 

0.413 

0.60 

49.8 

0.315 

37 

1.03 

56.2 

0.166 

1.03 

54.8 

0.195 

54 

1.12 

46.2 

0.386 

1.10 

56.4 

0.155 

47 

0.94 

65.7 

-0.043 

0.94 

59.1 

0.106 

a  Per  cent  of  total  reducing  sugars  found. 
b  Percentage  ratio  of  dextrose  to  total  reducing  sugars. 
c  Polarizing  constant;  in  method  II  calculated  from  dextrose  and  levu¬ 
lose  found. 
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The  differences  between  the  results  obtained  by  the  two 
methods,  in  terms  of  the  ratio  of  dextrose  to  total  reducing 
sugars,  are  summarized  in  Table  III,  for  all  98  cases. 

Table  III.  Differences  in  Percentage  Ratios  of  Dextrose 
and  Total  Reducing  Sugars,  Found  by  the  Two  Methods 


Difference  in  Ratio 

Cases 

Within 

1  unit 

11 

Within 

2  units 

25 

Within 

3  units 

32 

Within 

4  units 

38 

Within 

5  units 

48 

Within 

6  units 

64 

Within 

7  units 

69 

Within 

8  units 

76 

Within 

9  units 

81 

Within 

10  units 

86 

Within  11  units 

92 

Within 

12  units 

94 

Within 

14  units 

95 

Within 

16  units 

96 

Within 

18  units 

97 

Within 

19  units 

98 

In  many  cases  the  ratio  of  dextrose  to  total  reducing  sugars 
found  by  method  I  agrees  closely  with  that  obtained  by 
method  II,  but  in  others  there  are  considerable  divergences, 
amounting  in  four  cases  to  more  than  12  units,  with  a  maxi- 
t  mum  of  18.4.  Corresponding  differences  are  found  in  the 
polarizing  constants. 

The  total  range  of  the  percentage  ratio  of  dextrose  to  total 
reducing  sugars  was  found  to  be  from  32.6  to  67.4  for  method 
I,  and  from  35.3  to  65.6  for  method  II.  The  range  of  the  po¬ 
larizing  constant  was  from  —0.079  to  0.683,  and  from  —0.040 
to  0.628,  respectively.  However,  the  average  ratios  were 
practically  the  same  (50.4  by  method  I,  50.7  by  method  II), 
and  likewise  the  polarizing  constants  (0.293  by  method  I, 
0.285  by  method  II),  indicating  that  the  errors  in  the  two 
methods  are  merely  due  to  experimental  difficulties,  and  not 
of  a  systematic  nature.  The  discrepancies  between  the  two 
methods  in  individual  cases  may  be  caused  partly  by  the  fact 
that  in  method  I  the  determinations  are  made  on  separate 
portions  of  a  sample,  one  clarified  with  lead  subacetate  and 
the  other  with  neutral  lead  acetate,  while  in  method  II  only 
one  solution  is  prepared,  clarified  with  neutral  acetate,  and 
both  determinations  are  made  on  aliquots  of  the  same  filtrate. 

The  average  dextrose  ratio  for  all  the  sugars  is  practically 
that  of  invert  sugar.  The  extent  of  the  deviations  from  the 
50:50  ratio  between  dextrose  and  levulose  is  summarized  in 
Table  IV  for  both  methods. 


Table  IV.  Extent  of  Deviations 

Number  of  Cases 

Ratio 

Method  I 

Method  II 

Between  49  and  51 

8 

24 

Between  48  and  52 

22 

31 

Between  47  and  53 

28 

46 

Between  46  and  54 

40 

58 

Between  45  and  55 

52 

63 

Between  44  and  56 

60 

73 

Between  43  and  57 

66 

84 

Between  42  and  58 

75 

85 

Between  41  and  59 

83 

89 

Between  40  and  60 

86 

92 

Between  32  and  68 

98 

98 

Taking  method  II  as  the  basis,  the  ratio  of  dextrose  to  total 
reducing  sugars  is  within  40  to  60  per  cent  in  all  but  six  cases, 
and  between  45  and  55  per  cent  in  nearly  two-thirds  of  all 
samples.  Even  in  extreme  cases  the  amount  of  levulose  is 
only  about  twice  that  of  the  dextrose,  or  vice  versa.  Accord¬ 
ing  to  method  I,  the  deviations  from  the  50  per  cent  ratio  are 
somewhat  larger. 

The  average  dextrose-ratio  and  polarizing  constants  for 
each  of  the  geographical  districts  represented  by  nine  or  more 
samples  are  shown  in  Table  V. 

Table  V  shows  that  even  for  single  geographical  districts  the 
average  ratio  between  dextrose  and  levulose  does  not  deviate 
much  from  that  for  divert  sugar.  The  average  polarizing  con¬ 
stants  vary  from  about  0.02  to  0.4,  method  II  giving  a  some¬ 


what  narrower  range  than  method  I.  For  both  Santo  Domini¬ 
can  and  Philippine  sugars  method  I  gives  a  higher  average 
polarizing  constant  than  method  II.  It  is  interesting  to  note 
in  this  connection  that  many  years  ago  Browne  (2),  using  the 
Herzfeld  method  of  sucrose  determination,  also  found  low 
polarizing  constants,  around  0.2,  for  the  Philippine  mat  sugars 
of  that  time,  while  Cuban  sugars  gave  constants  of  about  0.35. 

Table  V.  Average  Dextrose-Ratio  and  Polarizing  Con¬ 
stants 

-■ - Method  I - s  / - Method  II - - 


D/R 

% 

(■ S  -  P)/R 

D/R 

% 

( S  -  P)/R 

Cuba 

49.7 

0.305 

47.8 

0.348 

Puerto  Rico 

53.7 

0.221 

51.9 

0.256 

Santo  Domingo 

45.8 

0 . 394 

49.7 

0.307 

Hawaii 

48.9 

0.326 

48.0 

0.349 

Philippines 

49.3 

0.317 

53.5 

0.224 

The  remaining  two  samples,  referred  to  previously,  were 
known  to  have  been  produced  in  Cuba  in  the  crop  year  of 
1934,  on  the  same  plantations  from  which  came  two  other 
samples,  manufactured  in  1935.  The  analyses  made  in  1935, 
of  the  two  pairs  of  sugars,  gave  the  results  shown  in  Table  VI. 


Table  VI.  Analyses  of  Two  Pairs  of  Sugars 


No. 

R 

— Method  I 
D  %  R  (S 

-  P)/R 

R 

— Method 
D  %  R 

II - , 

(S  -  P)/R 

70,  new  crop 

0.531 

42.4 

0.471 

0.531 

45 . 6 

0.395 

69,  old  crop 

1.245 

63.1 

0.016 

1.240 

76.5 

-0.274 

72,  new  crop 

0.431 

42.7 

0.464 

0.430 

50.2 

0.302 

71,  old  crop 

0.991 

59.6 

0.091 

0.985 

74.5 

-0.234 

In  both  cases  the  amount  of  total  reducing  sugars  in  the  old 
crop  samples  is  more  than  twice  that  in  those  from  the  new 
crop,  and  at  the  same  time  the  dextrose  ratio  is  very  much 
higher.  Although  the  sugars  were  produced  in  different 
years,  there  is  a  strong  indication  that  the  old-crop  sugars 
have  undergone  inversion  during  storage,  and  that  levulose 
has  been  destroyed  through  the  activity  of  Torulas.  Such 
cases  have  also  been  observed  by  Browne  (2) . 

The  two  methods  described  will  next  be  applied  to  the 
analysis  of  molasses. 
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Correction.  In  the  article  on  “The  Determination  of  Silica 
in  Boiler  Water”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  6,  364-7  (1934)] 
which  has  been  incorporated  in  the  8th  edition  of  “Standard 
Methods  for  the  Examination  of  Water  and  Sewage,”  the  figure 
1.54  given  for  the  dilution  factor  on  page  366  is  an  experimental 
one  and  in  the  8th  edition  has  been  corrected  to  the  calculated 
figure  1.56.  This  figure  is  independent  of  any  other  dilution 
factor  which  may  enter  into  the  standardization  of  the  color 
standards  used. 

M.  C.  Schwartz 


Correction.  In  the  article  on  “Quantitative  Determination 
of  the  Concentration  of  Vaporized  Carbon  Tetrachloride,”  by 
Olsen,  Smyth,  Ferguson,  and  Scheflan  [Ind.  Eng.  Chem.,  Anal. 
Ed.,  8,  261  (1936)],  the  first  sentence  under  the  heading  “Set  IV” 
in  the  second  column  should  read:  “The  tests  outlined  in  set  II 
were  repeated  using  the  improved  method  described  in  set  III.” 


Physical  and  Chemical  Properties  of 
Petroleum  Fractions 
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A  modified  Beckmann  apparatus  and 
method  for  the  cryoscopic  determination  of 
molecular  weight  are  described.  Results 
obtained  with  this  apparatus,  using  ben¬ 
zene  as  the  solvent,  are  given  for  oils  having 
molecular  weights  of  approximately  200, 

300,  500,  and  700. 

Comparative  cryoscopic  data  from  eleven 
cooperating  laboratories  for  the  same  oils  in 
benzene  solution  are  given  and  discussed. 

Data  are  presented  showing  that  im¬ 
purities  (aside  from  moisture)  and  moisture 
exert  adverse  effects  on  molecular  weight 
determinations.  The  presence  of  impuri¬ 
ties  probably  at  least  partly  explains  the 
discrepancies  universally  found  in  cryo¬ 
scopic  determinations  of  the  molecular 
weights  of  oils. 

PRESENT  studies  dealing  with  petroleum  chemistry  now 
being  carried  out  by  the  Petroleum  Division  of  the  Bureau 
of  Mines  included  the  determination,  under  comparable  con¬ 
ditions,  of  physical  and  chemical  properties  of  narrow-cut 
fractions  from  selected  typical  crude  oils,  coupled  with  the 
study  of  the  relationship  of  these  properties  to  each  other, 
and  where  possible  to  similar  properties  of  known  com¬ 
pounds.  One  property  that  is  of  importance  not  only  in  itself 
but  because  of  its  relation  to  other  properties  is  molecular 
weight.  This  is  usually  evaluated  with  data  obtained  from 
dilute  solutions  of  the  oil  in  certain  solvents.  The  investiga¬ 
tion  of  dilute  solutions  of  hydrocarbons  is  interesting  from  the 
research  standpoint  because  of  the  occurrence  of  many  de¬ 
viations  from  the  theoretical.  It  seems  possible  that  after 
suitable  study  relationships  may  be  found  between  these 
deviations  and  structural  differences  in  the  oils  and  also  among 
certain  of  the  more  common  characteristic  properties,  thus 
giving  results  of  practical  value. 

Considerable  work  dealing  with  the  cryoscopic  determina¬ 
tion  of  molecular  weights  has  been  reported  in  the  literature. 
Normann  {16),  in  1907,  obtained  some  interesting  molecular 
weight-concentration  curves.  Since  then  Wilson  and  Wylde 
{20),  Devine  U),  Steed  {19),  Gullick  {11),  Epperson  and  Dun¬ 
lap  {6),  Fenske  et  al.  (7),  and  FitzSimons  and  Thiele  {9) 
have  contributed  to  various  phases  of  the  problem.  However, 
each  investigator  has  assumed  that  his  method  is  correct  and 
has  made  little  attempt  to  determine  why  his  results  do  not 
agree  with  others.  Further,  in  many  cases  the  oils  investi¬ 
gated  have  not  been  identified  sufficiently  to  render  the  data 
of  further  use. 

The  present  paper  deals  with  attempts  to  obtain  concordant 
molecular  weights  from  cryoscopic  measurements  in  dilute 
solutions  of  benzene  and  reports  results  obtained  by  the 
bureau  and  by  cooperative  investigators.  Sixteen  labora¬ 


tories  cooperated  in  this  work.  Most  of  these  laboratories 
were  connected  with  oil  companies,  but  educational  and 
industrial  institutions  were  also  included.  A  sample  of  each 
of  the  four  oils  used  as  solutes,  and  described  below,  was  sent 
to  each  of  the  laboratories  with  the  request  that  they  de¬ 
termine  the  molecular  weight  in  their  accustomed  manner. 
A  questionnaire  covering  the  method,  procedure,  and  solvents 
used  was  also  enclosed,  the  data  from  which  are  summarized 
in  this  report. 

Bureau  Methods  and  Apparatus 

Cryoscopic  Method.  The  cryoscopic  apparatus  which 
probably  provides  the  most  accurate  results  is  that  which 
employs  twro  cells,  as  described  by  Adams  {1)  and  developed 
further  by  Kraus  and  Vingee  {13).  In  this  apparatus  one  cell 
contains  an  equilibrium  mixture  of  pure  liquid  and  solid 
solvent;  the  other  cell  contains  the  solution.  Temperature 
differentials  are  determined  by  multiple  thermocouples  and  a 
potentiometer.  The  authors’  equipment  did  not  permit  the 
use  of  this  more  exact  method,  and  the  apparatus  described 
below  is  essentially  that  of  Beckmann,  but  wdth  several  modi¬ 
fications. 

Referring  to  the  cryoscopic  apparatus,  Figure  1,  the  bath  con¬ 
tainer,  A,  is  a  double-walled  papier-mache  tub  such  as  is  used 
wdth  calorimeters.  This  is  covered  at  the  top  by  a  closely  fitting 
wooden  cover,  B.  Through  this  top,  reading  from  left  to  right, 
are  the  cold-water  inlet,  C,  the  propeller  shaft,  D,  the  bath  ther¬ 
mometer,  E  (graduated  in  0.1°  C.,  0.02°  C.  estimated),  the  mer¬ 
cury  thermoregulator,  F,  the  outside  jacket,  G,  of  the  freezing- 
tube  assembly,  and  the  overflow  tube,  H.  Referring  now  to 
the  freezing-tube  assembly,  the  outside  jacket,  G,  is  48  mm. 
in  inside  diameter  and  the  freezing  tube  proper,  I,  is  35  mm.  in 
inside  diameter.  These  tubes  are  held  in  position  relative  to  each 
other  by  a  flanged  wooden  ring,  J.  A  close-fitting  Bakelite  plug, 
K,  closes  the  top  of  the  tube,  /,  and  through  this  plug  pass  the 
brass  propeller  shaft,  L,  and  the  Beckmann  thermometer,  M. 

The  propeller  proper,  N,  is  made  from  a  circular  brass  disk  19 
mm.  in  diameter,  with  four  radial  slots  at  90°  to  each  other.  The 
leaves  or  blades  thus  formed  are  slightly  tilted  out  of  horizontal 
to  produce  pitch.  This  propeller  runs  at  a  speed  of  approximately 
900  r.  p.  m.  To  decrease  heat  conduction  from  the  exterior 
to  the  solution,  the  metal  shaft  is  made  in  two  pieces  joined  by  a 
glass  tube,  0,  and  cemented  wdth  kaolin  and  water  glass.  There 
is  a  small  air  space  separating  the  ends  of  the  shaft  within  the 
glass  tube.  The  shaft  is  mounted  in  hardwood  bearings  (not 
shown),  one  at  each  end  of  the  Bakelite  plug.  Between  these 
bearings  the  plug  is  hollowed  slightly  to  accommodate  a  few 
strands  of  oil-saturated  cotton,  which  maintains  a  film  of  oil  on 
the  shaft  without  danger  of  the  oil  flooding  the  lowrer  bearing  and 
dropping  into  the  solution  below.  The  Bakelite  plug  also  has  a 
3-mm.  hole  (not  shown)  for  the  introduction  of  pellets  of  solid 
solutes  and  for  “seeding.” 

Auxiliary  apparatus  not  shown  are  an  insulated  tank  for  ice 
water  wdth  a  magnetically  operated  valve  activated  through  a 
relay  by  the  mercury  thermoregulator;  magnifying  glasses  for 
reading  the  Beckmann  and  bath  thermometers;  and  a  seeding 
rod  consisting  of  a  long  glass  rod  wdth  a  3-strand  (No.  30  B  &  S) 
nichrome  wdre  coil  sealed  into  one  end.  The  solute,  if  solid,  is 
compressed  into  pellets  in  a  stainless  steel  press;  if  liquid,  it  is 
weighed  and  delivered  from  a  Nicol  tube  with  the  delivery  tip 
bent  down.  These  tubes  are  filled  by  suction  and  the  liquid  is 
forced  out  by  air  pressure  from  a  small  aspirator  bulb.  The  Bake- 
lite  plug  must  be  removed  momentarily  for  introduction  of  liquid 
solutes. 
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The  pure  solvent  is  placed  in  the  freezing  tube,  I,  and  weighed 
quickly  to  1  mg.,  the  Bakelite  plug  with  thermometer  and  stirrer 
is  inserted,  and  the  solvent  is  cooled  until  crystallization  occurs. 
It  is  then  warmed  slightly,  and,  in  order  to  obtain  constant  freez¬ 
ing  points,  the  freezing  is  repeated  three  to  six  times.  The  sol¬ 
vent  is  then  supercooled  without  crystallization  and  placed  in 
the  tube,  G,  and  stirring  begun.  Temperature  readings  are  taken 
at  intervals.  Since  the  solvent  is  below  the  convergence  tempera¬ 
ture,  it  will  warm  to  this  temperature  and  remain  constant.  For 
certain  solvents,  such  as  cyclohexane,  it  is  necessary  to  approach 
the  convergence  temperature  from  above  as  the  solvent  will  not 
supercool  sufficiently  without  “spontaneous”  crystallization.  If 
the  convergence  temperature  thus  found  is  more  than  0.1°  C. 
below  the  freezing  point  of  the  solvent,  the  bath  temperature 
must  be  increased  accordingly. 

After  the  bath  temperature  is  thus  regulated  the  solvent  is 
allowed  to  cool  to  the  convergence  temperature  again  and  is 
seeded  by  introducing  a  small  crystal  of  solvent.  Crystallization 
starts  immediately  and  the  temperature  rises  abruptly  to  the 
freezing  point,  where  it  remains  constant  for  some  time,  the 
length  of  the  plateau  varying  with  different  solvents.  This 
freezing  point  is  checked  by  again  warming,  supercooling,  and 
freezing.  No  solute  is  added  until  this  point  will  give  two  con¬ 
secutive  checks  within  0.001°  to  0.002°  C.  After  this  point  has 
been  determined  accurately  a  weighed  amount  of  solute  is  intro¬ 
duced.  If  the  approximate  freezing  point  cannot  be  calculated,  a 
preliminary  freezing  of  the  solution  must  be  made  so  that  proper 
adjustment  of  the  bath  temperature  can  be  made.  The  process 
described  for  the  pure  solvent  is  now  repeated,  except  that  checks 
usually  are  not  made,  since  it  has  been  found  that  if  the  first 
addition  of  solute  is  not  made  until  the  pure  solvent  gives  check 
results  the  freezing  points  of  the  solutions  generally  will  check. 
Three  or  more  additions  of  solute  are  made.  In  certain  runs 
approximately  4  grams  of  anhydrous  magnesium  perchlorate 
were  added  directly  to  the  solvent  in  the  freezing  tube  prior  to  use. 

The  bureau’s  cryoscopic  apparatus  and  procedure  were 
developed  primarily  for  research,  and  the  procedure  at  least 
cannot  be  recommended  for  routine  determinations  of  mo¬ 
lecular  weight.  The  experiments  have  certainly  been  carried 
out  with  more  attention  to  details  than  is  usually  expected  in 
a  routine  laboratory  determination. 

Calculations.  Both  molecular  weights  and  constants  for 
individual  determinations  have  been  calculated  from  the 
usual  relationship  between  change  in  freezing  point  and 
concentration 


A 


w  M 
m  IT 


K 


where 

A  =  depression  of  freezing  point 
w  =  weight  of  solute 
m  =  molecular  weight  of  solute 
W  =  weight  of  solvent 
M  =  molecular  weight  of  solvent 
K  =  molar  cryoscopic  constant 


(1) 


The  concentration  of  the  solute  in  the  solvent  has  been 
expressed  as  grams  of  solute  per  gram  of  solvent 


The  final  accepted  values  for  both  constants  and  molecular 
weights  have  been  obtained  by  extrapolation  of  a  straight 
line  through  the  points  to  zero  concentration.  In  the  case 
of  the  constants,  this  line  was  determined  by  the  method  of 
least  squares.  For  determining  the  molecular  weight  curves 
the  method  of  averages  was  used. 

Bureau  Solvents  and  Solutes 

Solvents.  Benzene  is  the  only  solvent  discussed  in  this  report, 
but  several  supplies  of  benzene  having  different  degrees  of  purity 
were  prepared  and  used. 

Benzene  A-l  was  a  reagent-quality  thiophene-free  benzene 
and  was  used  without  any  purification. 

Benzene  A-2  was  prepared  from  commercially  pure  benzene 
by  treatment  with  concentrated  sulfuric  acid,  sodium  hydroxide, 
water,  calcium  chloride,  and  distillation  from  sodium. 


Benzene  A-4  was  prepared  from  the  same  benzene  as  A-2. 
Two  approximately  equal  portions  were  separated  by  crystalliza¬ 
tion  and  the  crystallized  portion  was  treated  with  sulfuric  acid, 
water,  sodium  hydroxide,  calcium  chloride,  and  finally  refluxed 
and  distilled  from  sodium.  The  4.67  to  90.97  per  cent  portion 
was  collected  and  divided  into  approximately  equal  portions  by 
crystallization,  the  crystallized  portion  being  retained. 

Benzene  A-5  is  the  mother  liquor  from  the  first  crystallization 
of  A-4. 

Benzenes  A-2,  A-4,  and  A-o  were  each  divided  into  two  portions. 
One  portion,  termed  “wet,”  was  used  as  prepared;  the  other  por¬ 
tion,  termed  “dry,”  was  dried  with  anhydrous  magnesium  per¬ 
chlorate.  This  same  drying  agent  was  used  in  the  determination. 

Table  I  records  the  freezing  points  and  cryoscopic  constant- 
solute  concentration  relationships  for  these  solvents.  The 
first  numerical  term  on  the  right  of  the  equation  is  the  cryo¬ 
scopic  constant  at  infinite  dilution,  and  the  second  term  gives 
the  slope  of  the  constant-concentration  curve.  The  data  are 
plotted  in  Figure  3.  Rejected  data  are  enclosed  within  a 
dotted  circle. 


Table  I.  Data  on  Solvents 


Freezing  Point 

Constant-Concentration  Equation 

Benzene 

Dry 

0  C. 

Wet 

0  C. 

Dry 

Wet 

A-l 

5.0 

A'  =  64 . 98  -  0 . 16  C 

A-2 

5  .  i4 

5.08 

K  =  66.54  -  0.41  C 

K  =  66.99  -  0.39  C 

A-4 

5.53 

5.48 

K  =  65.42  -  0.02  C 

K  =  68 . 45  -  0 . 56  C 

A-5 

4.94 

4.88 

K  =  66.82  -  0.66  C 

K  =  67.63  -  0.47  C 

Solutes.  Tables  II  and  III  give  the  properties  of  all 
solutes  used.  Naphthalene  was  used  as  the  standardizing 
substance  for  determining  the  constants  of  the  solvents. 
Oils  0-1,  0-2,  0-3,  and  0-4  were  employed  in  the  cooperative 
work.  In  the  studies  on  the  effect  of  impurities  in  the  solvent 
only  oil  O-l  was  used. 
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Table  II.  Properties  of  Solutes  Used 


Molecular 

Saybolt  Universal 

Specific 

Approximate 

Number 

Source  and  Purification 

Weight, 

Viscosity 

Gravity, 

Pour 

Flash 

Carbon 

Name 

Theory 

100°  F. 

130°  F. 

60°  F. 

Point 

Point 

Residue 

0  F. 

°  F. 

% 

1 

Naphthalene 

Pure:  treated  melted  Na;  vacuum  distilled 
through  Ni  on  pumice 

128.1 

2 

Triphenylmethane 

Pure:  twice  recrystallized  from  absolute  alco¬ 
hol,  dried  at  70°  C.  under  reduced  pressure 

244.13 

3 

fi-Methvl  naphthalene 

Practical 

142.08 

4 

Oil  0-1 

Acetone  extract,  cuts  91,  92,  and  93  Cabin  Creek 
lubrication  stock  (18)  heated  fn  vacuum, 
filtered  hot 

1347 

550 

0.879 

30 

550 

0.60 

5 

Oil  0-2 

Same  as  4,  except  cuts  61  and  62 

259 

131 

0.863 

45 

420 

0.35 

6 

Oil  0-3 

Commercial  spindle  oil 

105.4 

65.6 

0.882 

7 

Oil  0-4 

Tops  from  Port  Neches  crude  by  gas  distilla¬ 

tion  at  10  mm.  pressure  and  156°  C.  (17), 
fractionated  40  mm.  pressure 

40 

0.888 

LEGEND 
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i 
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Table  III.  A.  S.  T.  M.  Distillation 
of  Solute  0-4 


Per  Cent  Over 


Temperature 


°  C. 

F.  D. 

464 

10 

478 

20 

484 

30 

487 

40 

495 

50 

498 

60 

504 

70 

509 

80 

516 

90 

527 

E.  P. 

534 

Accuracy.  Table  IV  gives  an  in¬ 
dication  of  the  accuracy  that  may  be 
expected  from  the  apparatus  described 
above.  In  most  instances  the  devia¬ 
tion  of  the  data  from  the  best  curve 
through  the  data  points  is  of  the  order 
of  1  per  cent  and  is  almost  always 
within  2  per  cent.  While  the  precision 
obtained  is  virtually  the  same  for  oils 
over  a  wide  range  of  molecular  weights, 
there  is  no  criterion  by  which  the  ac¬ 
curacy  of  the  molecular  weight  deter¬ 
mination  of  such  oils  may  be  judged. 

Cooperative  Solvents,  Solutes, 
and  Apparatus 


Tables  V  and  VI  attempt  to  outline 
the  more  significant  information  con¬ 
cerning  the  solvents,  solutes  (besides  oils),  and  apparatus 
used  by  the  cooperating  laboratories  by  the  cryoscopic 
and  ebullioscopic  methods.  Table  VII  shows  the  number  of 
laboratories  that  used  the  two  methods  and  the  solvents 
employed. 


CONCENTRATION,  C *  100 

Figure  3.  Cryoscopic  Constant-Concentration  Data  for  Several  Different 

Benzenes 


Table  IV.  Molecular 


Weights  of 
Benzene 


Pure  Substances  in 


Solute 

Experimental 

Theoretical 

Error 

Solvent 

Phenyl  ether 

171.6 

170.1 

% 

+0.9 

A-l 

/3-Methyl  naphthalene3 

139.5 

142.1 

-1.8 

A-2 

T  riphenylmethane 

242.6 

244.1 

-0.6 

A-l 

Not  purified. 


Benzene  is  favored  in  the  cryoscopic  method.  All  those 
laboratories  using  the  cryoscopic  method  separated  the  freez¬ 
ing  solution  from  the  bath  by  an  air  jacket  similar  to  that 
shown  in  Figure  1.  One  laboratory  reported  using  for  this 
purpose  a  Dewar  flask  from  which  the  vacuum  had  been 
released.  A  bath  temperature  of  approximately  0°  C., 
maintained  by  the  addition  of  ice  to  water,  seemed  to  be  the 
favorite  with  half  of  the  laboratories  reporting;  none  em¬ 
ployed  a  bath  temperature  higher  than  3.0°  to  3.5°  C. 
Stirring  of  the  solution  was  done  universally  by  means  of  a 
wire  or  glass  loop  moved  up  and  down  in  the  solution  either 
by  hand  or  mechanically.  The  replies  were  not  always  definite 


Table  V.  Cooperative  Data  on  Solvents  and  Solutes 


Lab 

Grade 

Boiling 

Ebullioscopic  Constant 

Cryoscopic  Constant 

Amount 

Determined 

Solute 

Introduced 

No. 

Name 

Purified 

point 
°  C 

Molar 

Source 

Molar 

Source 

by 

by 

i 

Benzene 

Reagent 

No 

5 . 3“ 

65.1 

Weight 

Dropper 

3 

Benzene 

1°  boiling 
range 

Crystallization 

69.7 

Expt. 

Volume^ 

Small  pipet 

4 

Benzene 

Unknown 

H2SO4,  caustic, 
H2O,  dried,  frac¬ 
tionated.  Thio¬ 
phene-free 

78.5  at 

735  mm. 

59.2 

Expt. 

Azobenzene 

Weight 

Drops  from 
glass  rod 

7 

Benzene 

C.  P. 

Dried  over  P2O5 

80 

corrected 

33  4 

(15) 

Volume  c 

Weight 

pipet 

8 

Benzene 

Industrial 

pure 

Two  treatments 
AlCla 

80  1  ±  0.05  33  4 
corrected 

(15)  Checked  by 
benzil  and 
hexachlorobenzene 

Volume0 

Dropper  of 
weighing  bottle 

9 

Benzene 

C.  P. 

No 

79-81 

65.6 

(10) 

W  eight 

Dropper 

10 

Benzene 

C.  P. 

No 

79.5-81 

64.1 

Expt. 

Naphthalene 

Volume 

Pouring 

12 

Benzene 

Reagent 

No 

65.6 

(8) 

Weight 

Weight  pipet 

14 

Cyclohexane 

C.  P. 

No 

237.9 

(5) 

Weight 

Drops 

15 

Benzene 

C.  P. 

No 

79.5-80.0 

corrected 

33.4 

(3) 

62.8 

(3) 

Weight 

Pipet 

16 

Benzene 

C.  P. 

No 

79 . 5-80 

65.6 

(2) 

Weight 

Lunge  pipet 

19 

Carbon 

Tetrachloride 

C.  P. 

No 

76-78 

34.1 

Expt. 

Volume 

Pycnometer 

20 

Benzene 

Cyclohexane 

C.  P. 

Reagent 

Fractionation 

Fractionation 

5.5  ±0.03“ 
6.1  ±0.03“ 

65.6 

243.8 

Heat  of  fusion 
data 

Weight 

Small  glass 
cups 

23 

Cyclohexane 

C.  P. 

No 

240.2 

(U) 

Weight 

Weight  pipet 

24 

Benzene 

Reagent 

Stored  over  cal¬ 
cium  metal 

65.6 

(12) 

Weight 

Weight  pipet 

25 

Benzene 

Reagent 

No 

65.6 

Expt. 

Naphthalene 
and  diphenyl 

Volume 

Weight  pipet 

a 

Freezing  point. 

b  Density  (12). 

c  Density  0.8149  (15). 
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Table  VI.  Cooperative  Data  on  Cryoscopic  Method 


Labo- 

Freezing  Tube- 

- - 

Ther- 

ratory 

Stirrer 

mometer 

No. 

Shield 

Type 

Speeda 

Tapped 

1 

6.3-mra. 

air 

jacket 

Wire 

120 

Yes, 

twice 

per 

second 

3 

Air 

jacket 

Stainless 
steel  wire 
loop 

100 

Yes 

4  1-cm.  air 

jacket 

Glass, 

manually 

operated 

Yes 

9  7 . 9-mm. 

air 

jacket 

Glass 

30 

Yes 

10 

Air 

Wire, 

60 

Yes 

jacket 

cork 

handle 

12 

Air 

jacket 

Glass 

Variable 

Yes 

14 

Air- 

jacket 

No 

15 

Air 

Wire 

72 

No 

jacket 

rod 

16 

Air 

jacket 

Glass, 

manually 

operated 

120 

Yes 

20 

19-mm. 

Automatic, 

75 

Yes 

air 

nichrome 

jacket 

ring 

Yes 

23 

Air 

Glass 

130 

jacket 

spiral 

24 

Dewar 

Pt  rod 

36 

Yes 

flask, 

vertical 

vacuum 

motion 

released 

mechanical 

25 

5-mm.  air 

Reciprocat¬ 

120 

Yes 

jacket 

ing 

Freezing  Bath 
Ma-  How 
terial  stirred 

Approx. 

Temp. 

Temp. 

Diff. 

Bath 

and 

Tube 

Freezing 
Point 
Checks 
at  Start 

0  C. 

0  C. 

Ice 

and 

water 

Not 

stirred 

0 

5.4 

Yes 

Ice 

and 

water 

Not 

stirred 

0 

5.44 

Yes 

Ice 

and 

water 

Manually 

0 

ca.  5 

Before  and 
after  deter¬ 
minations 

Ice 

and 

water 

By  electric 
motor 

3  0-3 . 5 

2. 0-2. 5 

Yes 

Ice 

and 

water 

Metal 

stirrer 

manually 

2.0 

2-3 

Yes 

Ice 

and 

water 

Not 

stirred 

0 

5 . 4 

Yes 

Ice 

and 

water 

Not 

stirred 

2.0 

Yes 

Water- 

ice- 

CaCl2 

Manually 

-1 

6 

Yes 

Ice 

and 

water 

Manually 

2-3 

3 

No 

Ice 

and 

water 

Air 

bubbles 

2-3.5 

2.5 

Yes 

50% 

alcohol 

Circulating  3 
pump 

ca.  3.5 

Yes 

Ice 

and 

water 

Not 

stirred 

0-1 

4-5 

Yes 

Ice 

and 

water 

Manually 

0 

5.4 

Yes 

°  Strokes  per  minute. 


Super¬ 
cooling  Remarks 

°  C. 

....  Freezing  tube  kept  almost  air¬ 

tight  except  for  short  time  while 
oil  is  being  added. 

.  Freezing  tube  has  ground-glass 

cover  through  which  thermome¬ 

ter  and  solenoid  stirrer  pass,  both 
cemented  to  the  glass.  A  third 
opening  is  provided  with  ground- 
glass  stopper.  Solenoid  activated 
by  windshield-wiper  circuit  breaker. 

....  CaCh  added  to  solvent. 


0.3  Cotton  placed  around  stirrer  to 

prevent  moisture  absorption. 
Apparatus  checked  pure  sub¬ 
stances  within  1—3  per  cent. 
Cryoscopic  method  seems  unsatis¬ 
factory  for  oils  with  weights  above 
300-350. 

0.2-0. 3  Temperature  of  workroom  43°  F. 


Some  runs  made  with  benzene 
saturated  with  water. 


Bath  temperature  controlled  by 
adding  CaCh. 


1  to  2  grams  of  anhydrone. 


Anhydrous  sodium  sulfate  added. 
To  obviate  excessive  supercooling 
glass  thimble  below  solvent  tube 
filled  with  chilled  mercury  makes 
contact  with  platinum  wire  fused 
in  bottom  of  solvent  tube.  Low 
temperature  of  wire  causes  crys¬ 
tals  to  form  on  it  which  are  knocked 
off  by  stirrer. 

Barium  perchlorate  added. 


0.2-0. 3  Anhydrous  sodium  sulfate  used. 

Benzene  stored  over  sodium  sul¬ 
fate.  Air  jacket  filled  with  water 
to  obtain  rapid  cooling,  then  re¬ 
moved  for  actual  determination  of 
freezing  point.  Necessary  to  stir 
solvent  for  about  10  minutes  be¬ 
fore  constant  freezing  point  values 
can  be  obtained. 


on  this  subject,  but  hand  stirring  seemed  to  be  the  rule  in 
two-thirds  of  the  laboratories.  The  information  received 
pertaining  to  the  degree  of  supercooling  allowed  or  obtained 
in  the  solution  before  freezing  began  was  rather  meager  but 
consistent  at  around  0.2°  to  0.3°  C.  About  half  of  the  labo¬ 
ratories  favored  a  dehydrating  agent  in  the  freezing  solution, 
and  all  measured  temperature  with  a  Beckmann  thermometer. 
Only  the  data  reported  for  the  cryoscopic  method  with  benzene 
are  discussed  in  this  report. 

Experimental  Results 

Although  the  results  given  in  this  section  are  called  “mo¬ 
lecular  weights,”  attention  is  called  to  a  discussion  of  this 
term  below. 

Cooperative  Data.  Figure  2  shows  ah  the  data  obtained 
by  the  cooperating  laboratories,  together  with  some  data  by 
the  Bureau  of  Mines  on  the  determination  of  the  molecular 
weights  of  the  oils  by  the  cryoscopic  method  with  benzene. 
Wherever  a  laboratory  has  reported  an  extrapolated  value 
for  molecular  weight,  a  line  has  been  drawn  through  the 
data  points  from  the  extrapolated  or  “accepted”  molecular 
weight  at  zero  concentration.  If  the  laboratory  averaged  a 
series  of  determinations,  this  is  shown  by  a  straight  horizontal 


line  drawn  through  the  data  points  from  the  accepted  mo¬ 
lecular  weight  at  zero  concentration.  Where  the  laboratory 
has  only  submitted  data  with  no  choice  of  accepted  molecular 
weight,  no  attempt  was  made  to  determine  a  molecular  weight 
representing  the  data,  and  only  the  points  are  shown  in  the 
figures.  In  the  case  of  Laboratory  No.  12,  two  series  of  deter¬ 
minations  were  made  by  the  cryoscopic  method  in  benzene; 
in  one  series  the  solvent  had  absorbed  some  moisture  from  the 
atmosphere  and  in  the  second  the  solvent  was  saturated  with 
water.  Two  different  symbols  are  used  to  indicate  this. 
Bureau  data  on  oils  O-l  and  0-2  were  obtained  with  solvent 
A-l  (wet),  and  on  oils  0-3  and  0-4  with  solvent  A-2  (wet). 


Table  VII.  Distribution  of  Methods  and  Solvents 
Employed  by  Cooperating  Laboratories 


Solvent 


Cryoscopic 

Method 


Ebullioscopic 

Method 


Benzene  11 

Cyclohexane  3 

Carbon  tetrachloride  0 


3 

0 

1 


The  spread  in  the  molecular  weight  data  for  each  oil  as 
reported  at  or  near  infinite  dilution  is  approximately  as 
follows:  oil  O-l,  35  per  cent;  oil  0-2,  34  per  cent;  oil  0-3, 
24  per  cent;  oil  0-4,  12  per  cent.  The  mean  values  of  the 
extrapolated  or  averaged  molecular  weights,  exclusive  of  the 
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bureau  result  are:  oil  0-1,  693;  oil  0-2,  447;  oil  0-3,  317; 
oil  0-4,  204.  The  comparative  bureau  results  on  these  oils 
are  763,  491,  333,  and  209,  respectively.  These  figures  are 
higher  in  every  case,  and  further,  almost  without  exception, 
the  bureau  data  are  higher  than  the  highest  reported  by  the 
cooperating  laboratories.  There  appear  to  be  three  possible 
causes  for  this  discrepancy:  the  use  by  the  bureau  of  a  much 
more  effective  method  of  stirring,  a  bath  temperature  only 
slightly  below  the  freezing  point,  and  slightly  impure  solvents. 
The  last-mentioned  possibility  will  be  discussed  here. 

Effect  of  Solvent  Impurities  on  Cryoscopic  Constant. 
Figure  3  and  Table  V  present  the  data  obtained  for  the  de¬ 
termination  of  the  cryoscopic  constant  of  the  several  benzenes 
i  studied.  Naphthalene  from  the  same  lot  was  used  in  all  the 
runs.  It  will  be  noted  that  the  constant-concentration 
(. K  —  C)  curve  for  the  purest  solvent,  A-4  (dry),  has  virtually 
no  slope,  and  the  extrapolated  value  for  the  constant  agrees 
very  closely  with  the  theoretical  value  of  65.17.  When  A-4 
is  used  without  drying,  the  value  of  the  constant  is  increased 
4.6  per  cent  and  the  slope  of  the  K  —  C  curve  increases  greatly. 
The  values  for  A-2  (dry)  and  A-5  (dry)  are  very  near  each 
other,  but  both  are  higher  than  the  value  for  the  pure  benzene, 
A-4  (dry).  Without  the  use  of  a  drying  agent,  the  values  for 
A-2  and  A-5  both  increase,  in  A-5  more  than  A-2,  but  neither 
reaches  the  value  of  A-4  (wet).  The  slope  of  the  K  —  C 
curves  for  A-2  and  A-5  does  not  change  a  great  deal,  whether 
the  solvent  is  moist  or  dry,  and  is  about  the  same  as  the  slope 
of  the  A-4  (wet)  curve.  The  authors  interpret  the  above 
facts  concerning  naphthalene  in  benzene  through  the  con¬ 
centrations  used  as  follows: 

1.  The  K  —  C  curve  for  pure  dry  solvent  will  have  almost  no 
dope  and  by  extrapolation  will  give  a  value  that  virtually  agrees 
vith  the  theoretical. 

2.  The  presence  of  impurities  (aside  from  moisture)  in  the 
iolvent  will  lead  to  higher  values  for  the  constant  and  cause  con- 
dderable  slope  in  the  K  —  C  curve. 

3.  The  presence  of  moisture  in  otherwise  pure  solvent  greatly 
ncreases  both  the  value  of  the  constant  and  the  slope  of  the 
K  —  C  curve. 

4.  The  presence  of  moisture  in  impure  solvent  increases  the 
Jpalue  of  the  constant  somewhat,  but  makes  little  change  in  the 

dope  of  the  K  —  C  curve. 


In  general,  concordant  check  results  are  not  obtained  as 
easily  with  moist  as  with  dry  solvent.  Mention  should  be 
made  of  the  data  for  A-2  (wet).  The  first  four  points,  which 
show  a  definite  trend  down  (positive  slope),  were  not  used  in 
calculating  the  constant.  There  is  some  justification  for  this 
as  no  other  solvent  showed  this  trend  and  all  the  other  curves 
have  a  negative  slope,  including  A-2  (dry).  Actually,  it 
probably  is  erroneous  to  draw  the  curve  as  has  been  done,  but 
the  error  involved  should  be  small  and  make  little  difference 
in  the  subsequent  molecular  weight  determinations.  Solvent 
A-l,  which  is  marked  “wet,”  was  used  during  very  hot,  dry 
weather,  and  it  is  probable  that  its  moisture  content  wras  low. 
Further,  it  was  originally  reagent-grade  benzene,  thiophene- 
free. 

Effect  of  Solvent  Impurities  on  Molecular  Weight 
of  Oil  0-1.  The  molecular  weight  of  oil  0-1  was  determined 
in  each  of  the  benzenes  previously  described,  using  the  con¬ 
stants  determined  as  above.  The  results  of  these  determina¬ 
tions  are  shown  in  Figure  4  where  each  curve  represents 
data  provided  by  two  to  six  series  of  determinations.  The 
values  of  the  molecular  weight  increase  with  increase  of  solute 
concentration  in  every  solvent,  and  the  rate  of  increase  is 
very  similar  for  each  solvent.  The  extrapolated  values  differ 
in  extreme  by  13.3  per  cent,  yet  they  were  obtained  with  the 
same  oil,  the  same  apparatus  and  method,  and  the  same 
operator;  and,  further,  the  constant  for  each  benzene  was 
determined  identically  with  naphthalene.  Since  the  average 
deviation  of  the  experimental  values  from  those  calculated 
by  the  molecular  weight  concentration  relationship  for  a 
series  of  determinations  is  only  about  1  per  cent,  the  effect 
of  variation  in  purity  of  solvent  is  obvious.  An  examination 
of  Figure  4  indicates  that  for  solutions  of  this  oil  in  benzene 
the  following  observations  hold : 

1.  There  is  a  very  definite  increase  in  molecular  weight  values 
with  increase  in  concentration  of  solute. 

2.  The  rate  of  increase  tends  to  be  higher  with  solvents  con¬ 
taining  impurities,  especially  moisture,  but  in  general  the  slope 
is  very  similar  regardless  of  degree  of  solvent  purity. 

3.  There  is  a  definite  increase  in  the  extrapolated  value  of 
the  molecular  weight  with  increase  of  impurities  (aside  from 
moisture). 

4.  The  presence  of  moisture  decreases 
the  extrapolated  value  of  the  molecular 
weight.  This  effect  is  greater  in  a  pure 
solvent  than  in  an  impure  one. 


Discussion 

There  seems  to  be  no  doubt,  in  view 
of  the  data  presented,  that  impurities 
(including  moisture)  have  a  marked 
effect  on  the  determination  of  molecu¬ 
lar  weights  by  the  cryoscopic  method 
in  benzene.  It  seems  probable  that 
other  solvents  will  be  affected  similarly 
by  impurities. 

The  discrepancy  previously  noted, 
regarding  the  results  obtained  in  the 
cooperative  work,  can  be  explained, 
partly  at  least,  by  probable  variation 
in  solvent  impurities  and  moisture  con¬ 
tent.  The  error  that  can  result  from 
using  the  theoretical  constant  for  the 
solvent  regardless  of  purity  is  apparent. 
Further,  the  experimentally  deter¬ 
mined  constant  does  not  entirely  com¬ 
pensate  for  the  effect  of  moisture  and 
impurities.  The  only  safe  procedure 
appears  to  be  to  use  the  purest  sol¬ 
vent  possible  and  to  determine  its 


Figure  4.  Molecular  Weight-Concentration  Data  for  Oil  0-1  in  Several 

Different  Benzenes 
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constant  with  a  known  pure  solute.  In  addition,  a  dry¬ 
ing  agent  should  always  be  used.  Anhydrous  magnesium 
perchlorate  has  been  found  to  be  satisfactory  for  this  pur¬ 
pose. 

Three  possible  causes  for  the  high  values  of  the  bureau 
results  have  been  mentioned.  Of  these,  the  presence  of 
impurities  and  moisture  in  the  solvent  has  been  studied. 
These  probably  are  contributing  causes  of  the  high  molecular 
weight  values  previously  noted.  The  lowest  experimental 
value  that  could  be  obtained,  with  solvent  A-4  (wet),  is  above 
almost  all  values  reported  by  the  cooperating  laboratories. 
It  is  obvious  that  some  other  factor,  presumably  either  the 
more  effective  stirring  or  the  higher  bath  temperature,  or 
both,  is  a  contributing  influence. 

The  term  “association”  has  been  used  by  many  writers  to 
explain  the  increase  in  molecular  weight  with  increase  in 
concentrations  of  solute  in  solvent.  However,  the  authors 
have  found  several  cases  of  what,  in  the  same  terminology, 
should  be  called  “dissociation.”  Cyclohexane  gives  results  of 
this  type.  It  is  difficult  if  not  impossible  to  find  a  satisfactory 
conception  of  association  or  dissociation  as  applied  to  non¬ 
electrolytes.  However,  if  the  slope  of  the  molecular  weight- 
concentration  curve  is  assumed  to  be  the  result  of  abnormal 
solute  characteristics  rather  than  the  result  of  some  solvent 
peculiarities,  then  oils  must  be  considered  as  mixtures  of 
molecules  of  different  sizes  and  kinds  existing  in  some  type 
of  molecular  aggregation  even  at  infinite  dilution.  This 
assumption  permits  at  least  of  a  partial  explanation  of  the 
concentration  effect.  From  this  point  of  view,  although  the 
term  “molecular  weight”  has  been  used  in  this  paper,  it  prob¬ 
ably  has  little  meaning  as  such.  Rather,  a  variable  is  deter¬ 
mined  which  is  called  “molecular  weight  and  which  repre¬ 
sents  the  state  of  molecular  aggregation  of  the  oil  in  the 
solvent  at  the  concentration  in  effect  at  the  time.  Generally 
it  is  found  that  in  dilute  solution  the  value  of  this  “molecular 
aggregate”  changes  uniformly  with  changes  in  concentration, 
and  a  value  at  infinite  dilution  may  be  obtained  by  extrapola¬ 
tion.  This  is  the  value  of  the  molecular  aggregate  at  infinite 
dilution  in  a  given  solvent,  and  might  be  termed  the  “ap¬ 
parent  molecular  weight  in  benzene,  cyclohexane,  etc.' 
Under  ideal  conditions  such  extrapolated  points  may  coincide 
for  the  solvents  under  investigation,  and  this  point  may  be 
called  the  most  probable  “molecular  aggregate  at  infinite 
dilution.”  Whether  the  entire  explanation  of  the  slope  of 
the  molecular  weight-concentration  curve  can  justly  be 
placed  upon  association  or  dissociation  of  the  solute  appears 
uncertain  and  remains  for  further  research.  It  is  hoped  that 
the  manner  in  which  different  oils  behave  in  the  same  and 
different  solvents  will  furnish  information  as  to  their  possible 
type,  methods  of  separation,  and  relation  to  other  physical 
and  chemical  characteristics. 
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Nesslerization  Applied  Directly  to  a 
Macro-Kjeldahl  Nitrogen 
Determination 

SERGIUS  MORGULIS  and  HOWARD  C.  SPENCER 
University  of  Nebraska  College  of  Medicine, 
Omaha,  Neb. 

IN  STUDYING  the  nitrogen  content  of  tissues  the  authors 
were  confronted  with  the  need  of  finding  a  simple  proce¬ 
dure  for  accurately  weighing  small  samples  of  wet  material. 
They  found  that  samples  of  ground  fresh  material,  contain¬ 
ing  about  15  mg.  of  nitrogen,  can  best  be  weighed  on  tin  foil. 

The  sample  is  placed  on  a  weighed  piece  of  foil,  which  is  quickly 
folded  in  such  a  wav  as  to  prevent  any  loss  of  moisture,  and 
weighed.  The  weight  of  the  sample  is  determined  by  difference. 
The  wrapped  material  is  dropped  into  a  Kjeldahl  flask  containing 
5  cc.  of  concentrated  sulfuric  acid,  without  possibility  of  loss  at 
any  stage  of  the  operation.  The  digestion  is  carried  out  as  usual 
with  the  aid  of  a  few  drops  of  superoxol.  The  tin  foil  serves  also 
as  a  catalyst  and  the  digestion  proceeds  rapidly  to  completion. 

A  further  simplification  of  the  procedure  consists  in  the  sub¬ 
stitution  of  direct  nesslerization  for  the  usual  distillation.  The 
clear,  colorless  digestion  mixture  is  transferred  quantitatively  to 
a  250-cc.  volumetric  flask  and  diluted  with  water  to  the  mark. 
The  tin  is  precipitated  upon  dilution  and  may  be  either  centri¬ 
fuged  off  or  allowed  to  settle  out  spontaneously.  An  aliquot  of 
the  clear  solution,  corresponding  to  0.7  to  1.5  mg.  of  nitrogen,  is 
measured  into  a  100-cc.  volumetric  flask,  while  a  standard  con¬ 
taining  an  appropriate  amount  of  nitrogen  (usually  1.0  mg.)  and 
a  similar  concentration  of  sulfuric  acid  is  prepared  in  another 
flask.  The  contents  are  diluted  to  about  60  cc.  with  distilled 
water,  Nessler  solution  is  added  (30  cc.  for  1  cc.  of  sulfuric  acid) 
and  made  up  to  volume.  The  colors  are  matched  in  a  colorime¬ 
ter  as  usual. 

The  authors  have  checked  the  accuracy  of  this  procedure 
by  comparing  the  results  of  the  direct  nesslerization  with  the 
distillation  results,  also  by  analyzing  the  nitrogen  content  of 
pure  compounds  (urea),  and  have  found  this  procedure  ab¬ 
solutely  reliable.  Although  their  primary  objective  was  to 
devise  a  way  of  handling  wet  tissue,  the  method  for  nitrogen 
determination  as  here  outlined  has  wider  application  and  can 
be  used  successfully  whenever  it  is  desired  to  eliminate  the 
distillation.  The  authors  used  selenized  granules  as  catalyst 
in  some  digestions  and  found  that  the  direct  nesslerization 
could  also  be  employed  here. 

Received  April  30,  1936. 


Organic  Microanalysis 

I.  Nitrogen  by  Dumas  Method 

R.  T.  MILNER  AND  MILDRED  S.  SHERMAN 
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DURING  the  last  four  years 
over  a  thousand  organic 
compounds  have  been  analyzed 
in  this  laboratory.  These  com¬ 
pounds  have  been  of  the  most 
varied  types,  and  the  original 
methods  of  Pregl  ( 1 0 )  as  well  as 
many  modifications  suggested 
later  have  been  checked  care¬ 
fully.  A  brief  description  of  the 
apparatus  and  procedure  now 
employed  should  be  of  assi&ance 
to  all  microanalysts.  The  analysis  is  easier,  quicker,  and 
somewhat  more  accurate'  than  when  using  Pregl’s  directions. 

Carbon  dioxide  generators  of  the  Kipp  type,  using  the  pro¬ 
cedure  recommended  by  Pregl,  were  found  unsatisfactory  be- 
«  cause  of  the  short  life  after  the  exhaustive  purification  re¬ 
quired.  Various  modifications  with  provision  for  the  use  of 
carbon  dioxide  above  the  acid  ( 3 ,  5,  13)  were  tried  and  dis¬ 
carded  because  they  were  cumbersome  or  difficult  to  manipu¬ 
late.  Generators  using  a  solid  carbonate  with  heating  were 
unsatisfactory  because  of  the  troublesome  heating  required 
I  before  use  {4,  8).  The  generator  described  by  Poth  (9)  in 
its  original  form  (no  advantages  were  found  for  the  modified 
generator,  7)  has  proved  the  best.  Such  generators  after 
careful  filling  deliver  to  a  small  mercury-filled  gasometer  car¬ 
bon  dioxide  which  contains  less  than  0.001  per  cent  impurity 
d  (not  condensed  by  liquid  air).  One  filling  will  deliver  about 
100  liters  of  carbon  dioxide  and  the  gas  is  uniformly  pure  and 
available  on  turning  a  stopcock. 

The  most  careful  recent  study  of  the  Dumas  method  has 
been  made  by  Trautz  {12),  and  the  combustion  tube  filling  and 
the  combustion  procedure  follow  his  directions.  The  points 
discussed  below,  however,  differ  from  Trautz. 

Apparatus 

An  electric  furnace,  split  type,  was  constructed  cheaply  by 
boring  a  1.1-cm.  (0.44-inch)  hole  lengthwise  through  an  Armstrong 
refractory  brick,  cutting  the  brick  in  halves,  and  then  cutting 
jeight  slots  around  the  periphery  of  this  central  hole  with  a  hack¬ 
saw'  blade.  Nichrome  wire,  No.  26,  was  laid  in  these  slots,  hair¬ 
pin  fashion,  and  held  in  place  by  a  light  coating  of  alundum  ce¬ 
ment.  The  two  halves  wrere  mounted  in  sheet-metal  holders 
hinged  together  and  held  on  a  rod.  Such  a  furnace,  with  the  twyo 
halves  connected  in  series,  has  a 
•esistance  of  about  10  ohms  and, 

;svhen  carrying  a  current  of  ap- 
oroximately  4  amperes  regulated 
by  a  General  Radio  Co.  Variac, 
s  easily  maintained  at  700°  C. 

4  thermocouple  buried  in  the 
ilundum  lining  indicates  the 
temperature  on  a  calibrated 
nillivoltmeter. 

The  replacement  of  the  long 
Dinner  with  this  electric  furnace 
'  las  proved  very  advantageous. 

The  furnace  can  be  opened,  slid 
Jack,  and  the  tube  cooled  with 
m  air  blast  in  10  minutes,  so  that 
here  is  no  time  lost  before  the 
lext  analysis.  Likewise  the  heat- 
ng  of  the  room  is  greatly  reduced. 

The  tube  now  in  use,  of  Jena 


Supremax  glass,  has  been  used  for 
several  hundred  analyses  with  no 
sign  of  deterioration;  in  fact, 
mechanical  fracture  has  been  re¬ 
sponsible  for  the  loss  of  all  tubes 
since  using  the  electric  furnace. 

The  movable  Bunsen  burner  is 
equipped  with  a  wing  tip  and 
mounted  on  a  heavy  base  plate  by 
a  rough  rack  and  pinion,  paralleled 
by  a  scale  ruled  on  the  base.  This 
enables  the  burning  to  be  accom¬ 
plished  very  smoothly  and  regu¬ 
larly.  The  burner  is  advanced  1 
cm.  per  minute  until  decomposi¬ 
tion  starts  and,  after  that,  1  or  2  mm.  per  minute  until  the 
desired  bubble  rate  is  reached.  Since  the  burner  is  never  ad¬ 
vanced  too  far  by  a  slip  of  the  hand,  very  little  attention  is  re¬ 
quired  for  the  combustion.  With  the  azotometer  now  in  use, 
the  analysis  is  finished  25  minutes  after  the  end  of  the  first 
burning.  On  the  average  1.25  hours  are  required  for  an  analy¬ 
sis,  allowing  30  minutes  for  the  first  combustion. 

The  azotometer  is  made  of  Pyrex  glass  designed  without  a  stop¬ 
cock  at  the  top.  Difficulty  was  always  experienced  with  the 
stopcock  of  the  old  type  of  azotometer.  Either  grease  would 
contaminate  the  potassium  hydroxide  or  the  stopcock  would 
freeze  on  standing  idle  for  short  intervals.  The  present  azotome¬ 
ter  has  a  cup  opening  at  the  top,  closed  by  a  short  glass  rod  ground 
into  the  azotometer  tube.  There  is  no  constriction  of  the  gradu¬ 
ated  portion  of  the  tube,  such  as  there  was  in  the  old  azotometer. 
Smaller  volumes  of  nitrogen  can  be  read  and  the  use  of  a  trace  of 
ceresin  on  the  ground  joint  has  eliminated  sticking.  The  plug  is 
sealed  by  the  alkali  itself  and  can  be  held  firmly  seated  by  a  rub¬ 
ber  band  stretched  over  it.  The  graduated  portion  with  ground- 
in  plug  can  be  made  at  moderate  cost  by  any  apparatus  maker 
and,  after  calibrating  with  mercury,  can  be  seated  to  the  wide 
lower  portion  of  the  azotometer.  Pyrex  resists  the  action  of  alkali 
very  well,  since  recalibration  after  one  year’s  use  showed  no  de¬ 
viation  greater  than  0.001  cc.  from  the  original  Bureau  of  Stand¬ 
ards  calibration.  The  potassium  hydroxide  solution  is  made  of 
equal  weights  of  c.  p.  stick  potassium  hydroxide  and  distilled 
water  without  any  additional  treatment.  The  potassium  hy¬ 
droxide  is  renewed  after  approximately  ten  analyses  and  sticking 
of  bubbles  at  the  mercury  surface  is  rarely  encountered. 

The  size  of  the  opening  through  which  the  bubbles  enter 
the  azotometer  is  of  importance,  but  cannot  be  regulated 
easily,  since  in  sealing  on  the  capillary  inlet  tube  (approxi¬ 
mately  0.8  mm.  inside  diameter)  it  is  impossible  to  avoid 
widening  it  slightly.  The  volume  of  one  bubble  can,  however, 
be  easily  ascertained.  In  the  azotometer  now  in  use  1  bubble 
equals  0.0167  cc.  Weygand  {13),  who  discusses  this  point  at 


An  all-glass  apparatus,  which  is  easily 
handled  and  includes  an  improved  azotome¬ 
ter  without  stopcock,  has  been  designed 
and  used  in  many  hundred  analyses.  All 
arbitrary  procedure  in  correcting  for  errors 
has  been  eliminated  and  the  corrections 
have  been  experimentally  determined. 
More  accurate  results  are  thus  obtained 
without  excessive  time  or  attention. 
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some  length,  has  an  obvious  misprint  (p.  29)  in  giving  the 
volume  of  20  bubbles  as  4.0  cu.  mm.  or  less.  Friedrich  prob¬ 
ably  gives  the  best  criterion  for  true  microbubbles — namely, 
their  uncertain,  slow  (40  to  90  seconds)  rise  in  the  graduated 
part  of  the  azotometer.  Naturally,  each  azotometer  is  dif¬ 
ferent  with  respect  to  the  volume  of  the  single  bubbles  so  that 
the  rate  of  burning  employed  and  the  size  of  the  final  micro¬ 
bubbles  will  vary,  depending  on  the  diameter  of  the  azotome¬ 
ter  inlet  tube. 

The  gas  collected  in  the  azotometer  is  subject  to  three  cor¬ 
rections:  (1)  the  wall  error  of  the  azotometer,  (2)  the  vapor 
pressure  of  the  alkali  solution,  and  (3)  the  nitrogen  present  in 
the  carbon  dioxide  or  in  the  interstices  of  the  tube  filling  or 
leaking  in  through  the  rubber  connections.  All  the  above 
corrections  were  considered  by  Pregl  to  be  satisfactorily  taken 
into  account  by  the  deduction  of  2  per  cent  of  the  gas  volume 
as  read.  Of  this,  1.5  per  cent  wTas  supposedly  due  to  the  wet¬ 
ting  of  the  walls  and  0.5  per  cent  was  due  to  the  vapor  pres¬ 
sure  of  the  potassium  hydroxide  solution.  Trautz  later 
pointed  out  after  careful  experiments  that  the  wall  error  was 
really  only  0.5  per  cent.  This  has  been  confirmed  by  meas¬ 
urements  made  in  this  laboratory. 

Trautz  also  assumed  (p.  308)  that  the  vapor  pressure  cor¬ 
rection  was  only  0.3  per  cent.  However,  measurements  made 
by  Clark  ( 1 )  as  well  as  some  made  in  this  laboratory  show  this 
to  be  too  low.  The  method  of  Smith  and  Menzies  (11)  was 
used  and  both  fresh  and  used  (10  analyses)  potassium  hy¬ 
droxide  solutions  were  measured.  The  results  are  shown  in 
Table  I.  For  comparison  the  values  found  by  Clark  and  data 
interpolated  from  International  Critical  Tables  ( 6 )  are  given. 
The  agreement  among  the  results  is  not  very  good,  but  it  is 
sufficient  for  the  purposes  of  the  correction,  and  the  values 
from  International  Critical  Tables  have  been  used  as  the  best 
basis  for  the  correction.  As  can  be  seen,  the  variation  with 
temperature  is  such  that  no  simple  correction  for  all  tempera¬ 
tures  can  be  made.  Accordingly  the  values  from  the  Inter¬ 
national  Critical  Tables  have  been  used  to  construct  a  table 
of  corrections  to  be  applied  to  the  barometric  reading. 


Table  I.  Vapor  Pressure  of  Potassium  Hydroxide 

(Vapor  pressure,  in  mm.  of  mercury,  of  solution  containing  approximately 
71.5  grams  of  potassium  hydroxide  per  100  grams  of  water) 


Temperature 

Fresh 

Solution 

Used 

Solution 

Clark 

I.  C.  T. 

°  C. 

15 

2.9 

3.5 

5.5 

4.1 

20 

4.3 

5.1 

7.0 

5 . 6 

25 

6.1 

7.1 

8.9 

7.4 

30 

8.4 

9.6 

11.4 

9.6 

35 

11.4 

12.9 

14.0 

12.7 

The  value  of  the  last  correction,  for  air  leakage  or  adsorp¬ 
tion,  depends  on  both  the  manner  in  which  the  apparatus  is 
assembled  and  the  pressure  relationships  within  the  combus¬ 
tion  tube.  Using  the  azotometer  in  its  holder,  as  usually  pur¬ 
chased,  with  the  combustion  tube  about  22.5  cm.  (9  inches) 
above  the  desk  top  it  is  found  that,  even  with  the  alkali  level¬ 
ing  bulb  lying  on  the  desk  top,  a  pressure  greater  than  at¬ 
mospheric  exists  within  the  combustion  tube.  W  ith  rubber 
connections  in  the  train,  this  may  well  lead  to  low  nitrogen 
values.  If,  howrever,  a  0.5  or  0.3  per  cent  correction  has  been 
made  instead  of  the  true,  higher  correction  for  vapor  pressure, 
this  error  may  be  compensated  and  approximately  correct  ni¬ 
trogen  values  found.  Unless  the  rubber  is  exceptionally  tight, 
it  is  almost  impossible  to  guard  against  leaks  either  into  or 
out  of  the  tube  because,  during  a  combustion,  the  pressure 
within  the  tube  will  vary  appreciably  as  the  gas  collects  in  the 
azotometer. 

The  all-glass  apparatus  now  in  use  in  this  laboratory  has  a 
combustion  tube  with  two  ground-glass  joints  with  the  final 
stopcock  sealed  directly  to  the  azotometer.  Since  all  regula¬ 
tion  of  the  gas  flow  is  accomplished  by  the  cock  on  the  carbon 


dioxide  gasometer,  this  final  cock  is  a  three-way  one,  so  that 
the  tube  can  be  evacuated  before  starting  the  combustion. 
In  this  way  the  measured  error  due  to  air  in  the  carbon  diox¬ 
ide  and  adsorbed  on  the  copper  oxide  has  been  reduced  to 
0.002  cc.  On  compounds  of  known  purity,  values  are  con¬ 
sistently  obtained  within  less  than  ±0.1  per  cent  of  theory. 

Table  II.  Nitrogen  Content  of  Some  Representative 
Compounds 


Found,  Found, 

Dumas  Calculated  Kjeldahl 


Azobenzene,  C12H10N2 

15.44 

15.39 

Ammonium  sulfate,  (NHibSOi 

21.10 

21.20 

Urea,  CH4ON2 

l,2-Dihydro-2-keto-4-ethoxypyrimidine, 

46.61 

46.66 

C6H8O2N2  . 

20.11 

20.01 

Parabanic  acid,  C3H2O3N2 

24.56 

24.57 

6-Methyluracil,  CSH6O2N2 
l-Tetraacetylglueosido-7-acetylcytosine, 

22.22 

22.22 

C20H25O11N3 

8.86 

8.70 

1-Glucosidocytosine  nitrate  monohydrate, 
CioH1606N3-HN03H20 

15.59 

15.60 

15.82 

l,2-Dihydro-2-keto-l-ethyl-4-ethoxy- 
pyrimidine,  C8H12O2N2 

16.47 

16.39 

16.66 

16.71 

16.77 

Cytosine,  C4HSON3 

• 

32.13 

35.05 

37.84 

37.58 

37.63 

1-Methylcytosine,  C5H7ON3 

31.72 

32.52 

33.60 

33.58 

33.63 

5-Bromouracil,  CjILCkNjBr 

14.04 

14.17 

14.67 

14.55 

14.70 

2,4-Dimethoxy-5-bromopyrimidine, 

CsHvCh^Br 

10.71 

11.33 

12.79 

12.89 

13.02 

Some  years  ago  it  was  found  that,  contrary  to  the  state¬ 
ments  in  many  standard  texts,  some  compounds  cannot  be 
analyzed  correctly  by  this  method  even  when  potassium  chlo¬ 
rate  is  used.  This  has  recently  been  pointed  out  by  Fried¬ 
rich  (3,  p.  74).  The  last  half  of  Table  II  gives  some  examples 
that  have  been  found  in  this  laboratory.  The  Kjeldahl  method 
used,  wdiich  does  not  involve  any  preliminary  reduction  or 
treatment,  will  be  described  in  a  forthcoming  note. 

No  generalizations  can  be  made  because,  while  bromine  ap¬ 
pears  to  be  a  disturbing  factor,  it  is  not  present  in  the  cyto¬ 
sines  which  also  give  low  values.  Likewise,  in  this  apparatus, 
compounds  such  as  urea,  containing  a  high  percentage  of  ni¬ 
trogen,  are  analyzed  with  success.  In  the  analysis  of  pyrimi¬ 
dines  and  possibly  other  cyclic  ureides,  imidazoles,  and  pu¬ 
rines  which  are  often  obtained  from  natural  products,  it  would 
seem  best  to  check  the  Dumas  nitrogen  values  by  the  Kjel¬ 
dahl  method.  Many  compounds  have  been  encountered 
which  stick  so  obstinately  to  the  sides  of  the  mixing  tube,  es¬ 
pecially  in  winter  when  the  relative  humidity  is  low,  that  now, 
as  a  matter  of  routine,  all  weighings  are  made  in  porcelain 
boats  and  mixed  with  fine  copper  oxide  after  introduction  into 
the  combustion  tube.  This  has  also  been  experienced  by 
others  (3). 
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Apparent  and  True  Solids  of  Sugar-Cane  Juice 

Relation  of  Difference  to  Ash  Content 

CHARLES  A.  FORT,  Bureau  of  Chemistry  and  Soils,  AND  NELSON  McKAIG,  JR.,  Bureau  of  Plant  Industry, 

U.  S.  Department  of  Agriculture,  Washington,  D.  C. 


IT  IS  OBVIOUSLY  proper  to  append  the  conditional  term 
“apparent”  to  the  per  cent  solids  or  degree  Brix  of  impure 
sugar  solutions  when  they  are  determined  by  any  specific 
gravity  method,  because  such  an  estimation  is  partly  based 
on  the  false  premise  that  the  various  impurities  have  the  same 
specific  gravity  as  sucrose.  It  is  generally  known  that  the 
apparent  solids  of  cane  juice,  sugar-house  sirups,  and  molasses 
are  considerably  higher  than  the  actual  solids  found  by  drying. 
The  principal  cause  of  this  difference  between  apparent  and 
true  solids  is  the  effect  of  the  high  specific  gravity  of  the  salts 
present  in  these  products  as  compared  with  the  density  of 
sucrose  itself.  The  influence  of  the  reducing  sugars  and  the 
organic  nonsugars  is  thought  to  be  of  small  importance  and 
probably  tends  to  counteract  slightly  the  effect  of  the  inorganic 
constituents.  Discussion  of  these  points  will  be  found  in  the 
handbooks  by  Browne  (3)  and  Spencer  and  Meade  ( 9 )  and 
in  papers  by  Hill  ( 6 )  and  King  (7). 

Little  information  has  been  found  in  the  literature  concern¬ 
ing  the  amount  of  the  difference  between  apparent  and  true 
solids  or  of  its  mathematical  correlation  with  the  ash  content 
except  that  given  by  King  (7)  for  Philippine  molasses.  King 
published  a  summary  of  the  observed  differences  between  the 
apparent  and  true  solids  of  a  large  number  of  molasses  samples 
and  showed  that  there  existed  a  general  relationship  between 
the  amounts  of  these  differences  and  the  ash  contents.  He 
proposed  the  calculation  of  the  true  solids  from  the  apparent 
solids  and  ash  by  use  of  an  ash  factor.  In  view  of  his  results, 
the  data  on  solids  and  ash  of  some  crusher  juices  which  were 
analyzed  during  a  general  study  of  juice  composition  in 
Louisiana  have  been  examined,  and  the  results  of  ihis  work 
form  the  material  for  the  present  discussion. 

Experimental 

During  the  1931  cane  harvest  over  200  samples  of  crusher 
juices  representing  various  cane  varieties,  soil  types,  and 
fertilization  tests  were  obtained  through  the  cooperation  of 
the  Divisions  of  Sugar  Plant  Investigations  and  Soil  Fertility 
Investigations  of  the  Bureau  of  Plant  Industry,  stationed  at 
Houma,  La.  These  raw  juices  were  first  freed  from  such  ad¬ 
ventitious  coarse  suspended  material  as  could  be  removed  by 
a  standardized  moderate  centrifuging  in  a  solid  basket, 
followed  by  screening  through  a  200-mesh  sieve.  The  apparent 
and  true  solids  and  the  ash  were  then  determined. 

The  apparent  solids  or  apparent  °  Brix  were  estimated  with  a 
Brix  spindle  calibrated  for  17.5°  C.,  and  the  observed  reading 
was  corrected  to  that  temperature  by  the  usual  tables.  Solids 
by  drying  were  determined  by  the  official  method  of  the  Associa¬ 
tion  of  Official  Agricultural  Chemists  (£),  the  drying  being  com¬ 
pleted  in  a  constant-temperature  vacuum  oven  operated  at 
70°  C.  and  a  vacuum  of  27  inches.  Numerous  duplicate  tests 
made  to  determine  the  degree  of  precision  of  the  methods  indi¬ 
cated  that  for  the  apparent  solids  the  average  deviation  from  the 
mean  was  probably  ±0.05°  Brix  or  more,  whereas  for  the  solids 
by  drying  the  deviation  was  only  ±0.01  per  cent  solids. 

The  ash  content  was  determined  by  evaporation  of  a  definite 
quantity  of  juice  to  a  thick  sirup  over  a  water  bath,  followed  by 
gentle  charring  over  a  hot  plate.  The  ignition  was  completed 
in  an  electric  muffle  at  not  over  500°  C.  Ash  content  was  cal¬ 
culated  as  percentage  based  on  apparent  solids.  For  duplicates 
the  average  deviation  from  the  average  was  ±0.03  per  cent  ash. 

In  addition  to  these  tests  on  raw  juices  about  4  liters  (1  gallon) 
of  each  lot  of  juice  were  clarified  by  a  standard  method,  using 
either  lime  alone  or  the  sulfur-lime  process.  The  clarified  juices 
were  evaporated  to  about  55°  Brix  in  a  vacuum  pan.  The 


sirups  were  subsequently  diluted  to  approximate  juice  density 
and  analyzed  in  the  same  manner  as  the  raw  juice. 

Discussion  of  Results 

The  observed  differences  between  apparent  and  true  solids 
ranged  from  0.21  to  1.24.  The  frequency  curves  in  Figure  1 
summarize  the  complete  data  on  the  amounts  of  these  dif¬ 
ferences  and  also  on  the  percentages  of  ash.  These  curves, 
although  they  do  not  take  into  account  the  concentration  of 
total  solids,  do  exhibit  a  general  relationship  to  each  other. 
The  differences  between  apparent  and  true  solids  are  much 
larger  than  the  combined  experimental  errors,  and  hence  it 
follows  that  they  are  due  principally  to  the  intrinsic  composi¬ 
tion  of  the  juices  and  must  be  related  to  the  quantity  or 'the 
specific  gravity  of  the  nonsugar  constituents,  or  both. 

The  experimental  errors,  particularly  in  the  apparent  solids 
determination,  affect  considerably  the  differences  between  the 
apparent  and  true  solids  found  in  individual  determinations. 
For  the  same  reason  any  correlation  of  ash  with  these  dif¬ 
ferences,  when  considering  samples  singly,  may  give  erratic 
results  concealing  the  probable  relationships.  However,  since 
the  errors  involved  are  random,  rather  than  systematic,  it 
follows  that  the  average  of  the  results  from  a  number  of  tests 
will  be  more  reliable  and  the  correlations  will  be  more  evident. 


Figure  1.  Frequency  Curves 

A.  Difference  between  apparent  and  true  solids 

B.  Per  cent  ash,  based  on  apparent  solids 


The  data  were  therefore  grouped  and  averaged,  first  by 
cane  variety,  using  only  such  tests  as  were  strictly  comparable. 
It  was  found  that  the  average  difference  between  the  apparent 
and  true  solids  was  different  for  each  of  the  six  varieties  com¬ 
pared  and  was  related  to  the  characteristic  ash  content  of  the 
variety.  In  like  manner,  other  data  were  grouped  and  aver¬ 
aged  according  to  soil  type  and  also  with  respect  to  fertilizer 
treatment,  and  were  found  to  give  average  differences  between 
apparent  and  true  solids  which  were  definitely  related  to  the 
ash  content  of  the  juices.  A  general  correlation  was  ap¬ 
parent,  and  it  remained  to  determine  the  mathematical  ex¬ 
pression. 

It  is  probable  that  two  principal  factors  influence  the  magni¬ 
tude  of  this  difference  between  the  apparent  and  true  solids: 
first,  the  ratio  of  the  ash  to  the  total  solids,  and,  second,  the 
concentration  of  the  solids.  The  former  determines  the  devia¬ 
tion  of  the  specific  gravity  effect  of  the  solids  from  that  of  pure 
sucrose  produced  by  the  ash,  and  the  latter  is  concerned  with 
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Table  I.  Difference  between  Apparent  and  True  Solids 
and  Correlation  with  Ash  Content  of  Individual  Samples 
of  Crusher  Juice 


d 


A 

B 

C 

Ash  based 

X 

Final 

Apparent 

True 

Difference, 

on  Appar¬ 

Quotient, 

Factor, 

Sample 

Solids 

Solids 

A-B 

ent  Solids 

C/D 

X/A 

% 

% 

% 

1 

16.09 

15.70 

0.39 

1.95 

0.200 

0.0124 

2 

15.26 

14.77 

0.49 

3.09 

0.159 

0.0104 

3 

15.36 

14.77 

0  59 

3.43 

0.172 

0.0112 

4 

14.76 

14.08 

0.68 

3.49 

0.195 

0.0132 

5 

14.21 

13.44 

0.77 

4.56 

0.169 

0.0119 

6 

14.46 

13 . 59 

0.87 

4.73 

0.184 

0.0127 

7 

12.19 

11.47 

0.72 

4.63 

0. 155 

0.0127 

8 

14.01 

13.37 

0.64 

3.69 

0.173 

0.0123 

9 

15.11 

14.61 

0.50 

2.46 

0.203 

0.0134 

10 

16.64 

16.06 

0.58 

3.44 

0.169 

0.0102 

Average 

0.178 

0.0120 

Average  deviation  from  average 

±0.014 

±0.0010 

Table  II.  Differences  between  Apparent  and  True 
Solids  and  Correlation  with  Ash  Content 


('Based  on  averages  for  seven  crusher  juice  samples  for  each  sugar-cane 

variety) 

D 


.4 

B 

c 

Average 

X 

Average' 

Average  Average 

Average 

Ash  Based 

Average® 

Final 

Sugar-Cane  Apparent 

True 

Difference,  on  Ap- 

Quotient, 

Factor, 

Variety 

Solids 

Solids 

.4  — B 

parent  Solids  C/D 

X/A 

% 

% 

% 

POJ  36M 

14.99 

14  50 

0.49 

2.80 

0.178 

0.0119 

POJ  213 

14.58 

14.03 

0.55 

3.01 

0  186 

0.0128 

POJ  234 

15.52 

14.97 

0.55 

3.13 

0.181 

0.0117 

Co  281 

15.65 

14.96 

0.69 

3.63 

0.191 

0.0122 

Co  290 

15.25 

14.56 

0  69 

3.73 

0.191 

0.0125 

CP  807 

14.52 

13.89 

0.63 

3.44 

0.185 

0.0127 

Average 

0.60 

3.29 

0.185 

0.0123 

Average  deviation  from  average  =*=0.07 

±0.31 

±0.004 

±0.0004 

Significant  differences: 

b 

P  =  0 

05 

±0.05 

±0.17 

±0.018 

±0.0013 

P  =  0 

.01 

±0.07 

±0.23 

±0.024 

±0.0017 

a  Averages  of  quotients  calculated  for  individual  data. 
b  The  statistical  differences  were  calculated  by  using  the  formulas  of 
Fisher  (4)  to  correct  for  correlated  variations.  The  application  of  these 
formulas  to  field  tests  on  sugar  cane  has  been  made  by  Arceneaux  (f). 


the  total  effect  on  the  weight  of  a  particular  quantity  of  solids 
of  this  density.  Although  the  composition  of  the  ash,  and 
consequently  the  specific  density  effect  of  the  salts,  is  some¬ 
what  variable,  there  is  no  evidence  that  this  variation  is  suf¬ 
ficient  to  alter  significantly  the  average  specific  gravity  of  the 
total  inorganic  material. 

Based  on  this  reasoning  a  factor  was  derived  as  follows:  (1) 
the  observed  difference  between  apparent  and  true  solids  was 
divided  by  the  percentage  of  ash  (based  on  apparent  solids 
content)  and  (2)  this  quotient  was  divided  by  the  percentage 
of  apparent  solids.  The  first  quotient  gives  the  difference 
between  apparent  and  true  solids  due  to  1  per  cent  of  ash, 
and  the  factor  in  its  final  form  expresses  the  difference  for 
each  1  per  cent  of  solids  due  to  each  per  cent  of  ash. 

It  is  impractical  to  include  all  the  data  in  this  publication, 
but  two  tables  are  presented  as  examples  of  the  method  out¬ 
lined  and  of  the  results  obtained.  Table  I  shows  the  data 
for  a  representative  group  of  samples  selected  to  give  a  typical 
cross  section  of  all  the  juices  tested.  The  average  variation 
in  the  derived  factors  is  equivalent  to  only  ±0.05  per  cent 
solids,  which  is  essentially  the  experimental  error  of  the  ap¬ 
parent  solids  determination.  Table  II  gives  the  averages  of 
groups  of  seven  tests  for  each  of  six  commercially  important 
cane  varieties,  and  shows  the  increased  uniformity  in  the 
calculated  factors  which  is  attained  by  dealing  with  averages 
instead  of  single  determinations.  The  group  factors  have  a 
much  smaller  deviation  from  the  general  average  than  those  of 
individual  tests. 

Statistical  examination  of  the  data  presented  in  Table  II 
shows  that  in  the  actual  amounts  of  the  differences  between  the 
apparent  and  true  solids  there  are  several  comparisons  which 
indicate  highly  significant  differences  between  certain  varie¬ 
ties.  These  of  course  correspond  to  significant  differences  in 


the  ash  contents.  For  the  correlative  factors  that  were 
derived,  however,  even  the  maximum  variation  between  the 
varieties  is  much  less  than  the  value  required  to  be  moderately 
significant.  This  indicates  that,  in  the  average  factors,  for 
all  practical  purposes  one  is  dealing  with  a  constant.  Similar 
studies  of  the  results  from  samples,  comparing  the  effect  of 
soil  type  and  of  fertilizer  treatment,  likewise  show  that  these 
conditions  affect  the  apparent  and  true  solids,  their  dif¬ 
ference,  and  the  ash  content  of  the  juice,  but  do  not  signifi¬ 
cantly  change  the  value  of  the  derived  correlative  factor. 

The  general  average  of  all  the  factors  calculated  from  these 
analyses  of  crusher  juices  from  Louisiana  sugar  cane  was  found 
to  be  0.0120,  and  the  average  factor  for  the  corresponding 
sirup  samples  wTas  0.0108.  This  lower  value  of  the  factor  for 
sirups  is  possibly  due  to  the  elimination  of  the  phosphate  ions 
during  clarification. 

An  example  will  illustrate  the  use  of  these  factors  in  esti¬ 
mating  the  true  solids  from  the  observed  apparent  solids  and 
ash.  Assume  a  raw  juice  of  17.0°  Brix  with  an  ash  content  of 
2.5  per  cent  on  solids.  To  find  the  probable  difference  between 
the  apparent  and  true  solids,  multiply  as  follows:  0.0120  X 
17.0  X  2.5,  which  yields  the  value  0.51.  Subtracting  this 
amount  from  the  observed  apparent  solids,  one  obtains  16.49 
as  the  estimated  true  solids. 

The  use  of  the  factors  may  be  simplified  by  the  construction 
of  a  suitable  nomograph  or  table  for  the  range  of  ash  and  solids 
commonly  encountered.  Figure  2  and  Table  III  exemplify 
such  arrangements  applied  to  Louisiana  crusher  juices.  In 
presenting  these  factors  and  the  table  for  converting  apparent 
to  true  solids,  it  is  not  claimed  that  these  particular  values 
will  hold  universally.  Differences  in  the  technic  of  the  deter¬ 
minations  of  the  apparent  and  true  solids  and  the  ash  will 
cause  variation  in  the  factors  from  the  values  given;  also, 
differences  in  ash  composition  will  produce  slight  changes  in 
the  factors.  Nevertheless  the  values  given  may  be  very  close 
to  those  that  would  be  obtained  from  a  much  greater  number 
of  tests  and  from  other  locations,  for  the  samples  included  in 
this  study  represented  a  wide  variation  in  both  per  cent 
of  ash  and  ash  composition.  The  cane  used  was  grown  on 
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Figure  2.  Nomograph 


of  distinct  types  with 
varied  fertilization 
and  drainage,  and 
the  different  cane 
varieties  included 
those  with  both  high- 
and  low-ash  charac¬ 
teristics.  In  any  case 
it  seems  probable 
that  the  application 
of  the  principles  used 
in  this  study  will  yield 
a  factor  at  any  given 
location  which  can  be 
used  to  estimate  the 
true  solids  from  the 
determined  apparent 
solids  and  ash  with 
satisfactory  accu¬ 
racy. 

To  find  what  ac¬ 
curacy  might  be  ex¬ 
pected  from  the  use  of 
the  conversion  values 
as  given  in  Table  III, 
they  were  applied  to 
the  published  work  of 
Lauritzen  and  Balch 
(8)  on  storage  of  cane. 
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In  their  report  are  data  for  apparent  and  true 
solids  and  the  ash  on  about  60  crusher  juices.  As 
the  ash  was  given  as  per  cent  on  true  solids,  it  was 
first  recalculated  to  the  apparent  solids  basis. 

Then  using  the  tabulated  corrections  to  estimate 
the  true  solids  from  the  apparent  solids  and  ash, 
it  was  found  that  the  values  obtained  for  the  true 
solids  agreed  with  the  amounts  reported,  with  an 
average  deviation  of  only  ±0.03  per  cent  solids. 

Comparing  the  small  amount  of  this  error  with 
the  large  difference  between  apparent  and  true 
solids,  the  approximation  of  true  solids  by  this 
method  gives,  even  in  the  case  of  individual  tests, 
a  figure  which  represents  the  true  facts  rather 
closely.  A  more  careful  determination,  especially 
of  the  apparent  solids,  will  make  the  estimation 
of  true  solids  of  individual  samples  still  more  ac- 
curate.  This  can  be  done,  for  example,  by  taking 
the  readings  only  at  the  temperature  for  which  the  hydrome¬ 
ter  is  calibrated,  thus  eliminating  the  use  of  the  correction 
tables  which  are  also  falsely  based  on  pure  sucrose  solutions. 

While  it  is  possible  that  the  exact  value  of  these  factors  will 
be  different  in  other  sugar-producing  territories,  some  indica¬ 
tion  that  they  may  not  vary  significantly  was  obtained  by  a 
further  study  of  the  data  reported  by  King  (7)  on  Philippine 
molasses.  His  data  for  ash  were  recalculated  to  per  cent  on 
apparent  solids.  Then  dividing  the  reported  differences 
between  apparent  and  true  solids  by  the  per  cent  of  ash  and 
then  by  the  per  cent  of  apparent  solids  and  finding  a  weighted 
average  of  the  resulting  factors,  the  figure  0.01079  was  ob¬ 
tained.  This  is  practically  identical  with  the  factor  0.01080, 
which  was  found  for  the  Louisiana  sirups.  In  the  work  of 
Eng,  as  in  this  study,  the  sirups  or  molasses  were  first  diluted 
to  near  juice  density  before  analyzing.  If  the  apparent  solids 
had  been  determined  at  high  density  the  relationships  would 
have  been  different. 

Considering  the  large  difference  which  exists  between  ap¬ 
parent  and  true  solids,  especially  when  the  ash  content  or 
solids  are  high,  it  is  evident  that  the  factory  records  of  losses 
and  efficiency  are  much  in  error  when  only  the  apparent  values 
are  used.  A  discussion  of  this  point  by  Hill  (5)  gives  examples 
of  such  misleading  results.  In  spite  of  such  results,  the  use  of 
the  densimetric  methods  by  the  sugar  industry  and  by  workers 
in  the  agronomic  phases  of  sugar-plant  research  has  been  al¬ 
most  universal.  This  is  in  part  due  to  the  cheapness,  speed, 
and  simplicity  of  the  methods  for  apparent  solids  as  com¬ 
pared  with  the  expensive  equipment  and  time  needed  to  deter¬ 
mine  solids  by  drying.  While  to  utilize  the  procedure  just 
presented  for  estimating  true  solids  involves  the  additional 
determination  of  ash,  this  should  not  require  a  large  number 
of  tests  per  day,  as  the  ash  on  a  composite  sample  of  each 
product  for  each  period  for  which  records  are  made  up  should 
be  accurate  enough  to  derive  the  solids  correction  to  be  used. 
In  a  similar  manner,  in  research  work  where  the  data  from 
several  tests  for  solids  are  to  be  averaged  it  is  only  necessary 
to  find  the  ash  on  a  composite  of  the  samples  to  be  averaged. 

As  a  development  of  this  method  of  approximating  true 
solids,  the  true  purity  can  be  closely  estimated  using  calcu¬ 
lated  true  solids  and  a  corrected  sucrose  value.  The  difference 
between  apparent  and  true  sucrose  varies  with  the  per  cent  of 
reducing  sugars  and  to  a  lesser  degree  with  their  composition. 
To  obtain  an  approximate  true  sucrose  from  the  apparent 
value  average  correction  values  found  for  different  apparent 
purities  may  be  used.  A  more  complete  discussion  of  these 
sucrose  conversion  values  will  be  made  at  a  future  time. 
As  a  preliminary  example  the  figure  0.30  was  found  as  the 
average  difference  between  apparent  and  true  sucrose  for 
crusher  juices  with  an  average  of  80  per  cent  apparent 
purity.  When  this  amount  was  added  to  the  apparent  sucrose 


Table  III.  Corrections  for  Converting  Apparent  to  True 
Solids  of  Crusher  Juices 

(Subtract  the  proper  correction  from  the  determined  apparent  solids.) 
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reported  by  Lauritzen  and  Balch  ( 8 )  and  the  resultant  ap¬ 
proximate  true  sucrose  divided  by  the  calculated  true  solids, 
the  estimated  true  purities  agreed  with  those  determined 
with  an  average  deviation  of  ±0.70.  Since  for  this  purity 
the  usual  difference  between  apparent  and  true  purity  is 
about  5.00  per  cent,  this  apparently  rather  poor  agreement 
appears  satisfactory.  These  samples  varied  widely  in  purity, 
and  much  better  results  will  be  obtained  when  the  proper 
average  sucrose  correction  value  for  each  purity  is  used. 

Summary 

The  difference  between  the  apparent  and  true  solids  of 
crusher  juices  and  of  the  sirups  produced  therefrom  can  be 
arithmetically  correlated  with  the  ash  content.  By  use  of 
factors  determined  for  this  relationship  it  is  possible  to  esti¬ 
mate  the  true  solids  from  the  determined  apparent  solids 
and  the  per  cent  of  ash  on  solids.  For  the  raw  juices  the  factor 
found  was  0.0120  and  for  sirups  0.0108.  When  the  proper 
factor  is  multiplied  by  the  per  cent  of  ash  on  solids  and  the 
per  cent  of  apparent  solids,  one  obtains  the  estimated  dif¬ 
ference  between  the  apparent  and  true  solids.  The  subtraction 
of  this  product  from  the  observed  apparent  solids  yields  the 
approximate  true  solids.  The  accuracy  of  this  estimation  is 
principally  dependent  on  the  accuracy  of  the  apparent  solids 
determination,  and  the  calculated  true  solids  seem  to  agree 
with  that  determined  within  the  normal  limits  obtainable  in 
this  determination.  These  factors  may  apply  only  to  Louisi¬ 
ana,  but  there  is  some  evidence  that  factors  of  similar  value 
may  hold  generally.  The  method  of  deriving  the  factors  is 
described,  and  a  table  and  nomograph  are  given  for  rapidly 
estimating  the  “true”  solids  from  observed  apparent  solids 
and  ash.  The  possibility  of  approximating  the  true  purity 
of  juices,  by  use  of  a  corrected  apparent  sucrose  and  the 
estimated  “true”  solids,  is  discussed. 
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Determination  of  Chromium,  Vanadium,  and 
Molybdenum  in  Silicate  Rocks 
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IN  THE  following  there  is 
described  a  method  for  the 
determination  of  chromium, 
vanadium,  and  molybdenum  in 
silicate  rocks,  which  is  less  labori¬ 
ous  and  time-consuming  than 
that  of  Hillebrand  ( 6 )  and 
which,  in  spite  of  the  smaller 
sample  required,  can  be  used  for 
the  estimation  of  smaller 
amounts  of  these  elements  than 
is  possible  by  the  Hillebrand 
method.  A  total  sample  of  1 
gram  suffices  for  the  determina¬ 
tion  of  as  little  as  0.001  per  cent 
of  vanadium,  0.001  per  cent  of 
chromium,  and  0.0001  per  cent  of 
molybdenum .  The  chief  novelty 
in  the  proposed  method  lies  in 
the  determination  of  vanadium. 

The  determination  of  traces  of 
these  elements  is  not  of  great  im¬ 
portance  in  ordinary  rock  analy¬ 
sis  but  is  required  in  special 
studies,  as,  for  example,  those 
concerned  with  the  geochemical 
distribution  of  the  elements 
named. 

Outline  of  the  Method 

The  sample  is  decomposed  in  the  usual  manner  by  fusion  with 
sodium  carbonate,  the  melt  is  leached  with  water,  alcohol  is  added 
to  reduce  the  manganate,  and  the  mixture  is  filtered.  The  fil¬ 
trate,  containing  chromate,  vanadate,  and  molybdate,  is  diluted 
to  the  mark  in  a  volumetric  flask.  If  more  than  0.01  or  0.02  per 
cent  of  chromium  is  present,  this  element  can  be  determined  di¬ 
rectly  in  the  usual  manner  by  comparing  the  color  intensity  of  the 
solution  with  that  of  a  standard  potassium  chromate  solution. 
For  the  determination  of  vanadium,  a  suitable  aliquot  portion  of 
the  solution  is  taken,  neutralized  to  methyl  orange  with  sulfuric 
acid,  and  extracted  with  chloroform  after  the  addition  of  an 
acetic  acid  solution  of  8-hydroxyquinoline.  Chromate  does  not 
react  with  8-hydroxyquinoline,  whereas  vanadate  forms  a  com¬ 
pound  with  the  reagent  which  is  extracted  by  the  chloroform, 
thus  leaving  chromium  in  the  aqueous  solution.  The  chloroform 
extracts  are  evaporated  to  dryness,  and  the  residue  is  fused  with 
sodium  carbonate  to  convert  vanadium  into  sodium  vanadate, 
which  is  dissolved  in  water.  The  solution  so  obtained  is  treated 
with  phosphotungstic  acid  to  form  phosphotungstovanadic  acid 
which  possesses  an  intense  yellow  to  orange  color  and  can  thus  be 
determined  colorimetrically  by  comparison  against  a  vanadate 
solution  of  known  concentration  similarly  treated. 

If  the  chromium  content  of  the  sample  is  very  small,  the  colori¬ 
metric  comparison  against  chromate  leads  to  inaccurate  results  in 
most  cases  because  of  the  presence  of  traces  of  foreign  substances, 
chiefly  iron,  which  impart  a  slight  color  to  the  solution.  In  such 
cases,  a  small  aliquot  portion  of  the  sodium  carbonate  leach  is 
neutralized  with  sulfuric  acid,  treated  with  8-hydroxyquinoline, 
and  the  solution  extracted  with  chloroform  to  remove  vanadium. 
Chromium  is  then  determined  in  the  solution  from  which  vana¬ 
dium  has  been  removed,  by  the  addition  of  diphenylcarbazide 
and  sulfuric  acid  and  comparison  of  the  red-violet  color  (of  the 
diphenylcarbazide  oxidation  compound)  with  that  of  a  known 
chromate  solution  treated  in  the  same  way. 

Molybdenum  is  determined  in  another  aliquot  portion  of  the 
solution  by  acidification  with  hydrochloric  acid,  addition  of  po¬ 
tassium  thiocyanate  and  stannous  chloride,  extraction  of  the 


molybdenum  thiocyanate  with 
ether,  and  comparison  of  the 
color  of  the  latter  with  a  standard 
molybdenum  thiocyanate  solution 
obtained  in  a  similar  manner. 

Discussion  of  the  Method 

Vanadium.  It  has  recently 
been  shown  by  Montequi  and 
Gallego  (10;  of.  8 )  that  very 
small  amounts  of  vanadium  can 
be  detected  by  adding  an  acetic 
acid  solution  of  8-hydroxyquino¬ 
line  to  a  neutral  or  very  slightly 
acid  vanadate  solution  and  shak¬ 
ing  with  chloroform.  Quinque- 
valent  vanadium  reacts  with 
8-hydroxyquinoline  to  give  a 
compound  soluble  in  chloroform 
with  a  Bordeaux  red  to  black 
color.  The  strongly  colored 
substance  formed  in  the  test 
appears  to  have  the  formula 
(C9H60N)4V203.  Attempts 
made  in  this  laboratory  to  base 
a  direct  colorimetric  determina¬ 
tion  of  vanadium  on  the  reac¬ 
tion  of  Montequi  and  Gallego 
were  unsuccessful,  chiefly 
because  of  the  interference  of  iron.  The  filtered  aqueous  ex¬ 
tract  of  the  sodium  carbonate  melt  of  an  igneous  rock  usually 
contains  traces  of  iron,  which  will  react  with  8-hydroxyquino¬ 
line  to  give  a  quinolate  soluble  in  chloroform  with  an  intense 
greenish  black  color;  the  sensitivity  of  this  reaction  is  as 
great  as  that  for  vanadium.  No  way  of  preventing  the  inter¬ 
ference  of  iron  could  be  found  that  did  not  simultaneously  de¬ 
stroy,  or  interfere  with,  the  vanadium  reaction.  Conse¬ 
quently,  in  the  method  here  described,  the  reaction  between 
vanadate  and  8-hydroxyquinoline  has  been  used  for  the  iso¬ 
lation  and  concentration  of  vanadium,  which  can  then  be  de¬ 
termined  colorimetrically  by  some  method  in  which  traces  of 
iron  (and  other  elements)  do  not  interfere. 

Before  vanadium  can  be  extracted  from  the  aqueous  ex¬ 
tract  of  the  sodium  carbonate  fusion,  it  is  necessary  to  render 
the  solution  slightly  acid.  It  was  found  that  the  extraction 
of  vanadium  is  complete,  or  practically  so,  at  a  pH  corre¬ 
sponding  to  the  intermediate  color  of  methyl  orange — a  con¬ 
venient  reference  point;  the  extraction  is  also  complete  from 
a  solution  neutralized  to  the  intermediate  color  of  bromocre- 
sol  green.  The  presence  of  neutral  alkali  salts,  such  as  sodium 
sulfate,  does  not  interfere.  Moreover,  there  is  no  interfer¬ 
ence  from  silica,  aluminum,  phosphate,  arsenate,  fluoride, 
chloride,  borate,  or  chromate — i.  e.,  from  those  constituents, 
all  or  some  of  which  may  be  present  in  the  filtrate  from  the  so¬ 
dium  carbonate  leach  of  a  rock  fusion.  Ferric  iron,  sexi- 
valent  molybdenum  (in  small  amounts) ,  and  uranium  accom¬ 
pany  vanadium  into  the  chloroform.  Tungsten  yields  a  pre¬ 
cipitate  with  8-hydroxyquinoline  in  the  slightly  acid  solution 
which  does  not  appear  to  be  appreciably  soluble  in  chloro¬ 
form;  the  tungsten  precipitate  gathers  at  the  chloroform- 


A  colorimetric  method  is  described  for  the 
determination  of  chromium,  vanadium, 
and  molybdenum  in  silicate  rocks  in 
amounts  as  small  as  0.001,  0.001,  and  0.0001 
per  cent,  respectively,  all  in  a  1-gram 
sample,  which  is  decomposed  in  the  usual 
way  with  sodium  carbonate.  Vanadium  is 
determined  with  phosphotungstic  acid 
after  separation  from  chromium  with  8- 
hydroxy  quinoline ;  in  neutral  or  slightly 
acid  solutions,  quinquevalent  vanadium  re¬ 
acts  with  8-hydroxyquinoline  to  give  a 
compound  that  can  be  extracted  from  the 
aqueous  solution  with  chloroform,  whereas 
sexivalent  chromium  does  not  react  and  re¬ 
mains  in  the  aqueous  layer.  Diphenylcar¬ 
bazide  is  used  as  reagent  for  chromium, 
after  the  separation  of  the  element  from 
vanadium.  Molybdenum  is  determined  by 
the  stannous  chloride-thiocyanate-ether 
method  without  previous  separation  from 
the  other  constituents  of  the  filtered  leach 
of  the  sodium  carbonate  melt. 
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water  interface,  causing  trouble  by  preventing  the  coalescence 
of  the  chloroform  droplets  after  shaking. 

The  vanadium  in  the  chloroform  extract  can  easily  be  con¬ 
verted  into  sodium  vanadate  by  evaporating  the  solvent  and 
fusing  the  residue  with  sodium  carbonate.  The  isolated  vana¬ 
dium  can  be  determined  colorimetrieally  by  the  use  of  a  num¬ 
ber  of  reagents  giving  sensitive  color  reactions  with  the  ele¬ 
ment.  It  was  found  in  the  present  work  that  phosphotung- 
:  stic  acid  is  especially  suitable  for  the  purpose.  (Winogradow, 
14-,  has  used  phosphotungstic  acid  for  the  colorimetric  de¬ 
termination  of  vanadium  in  ashes  of  organisms.)  The 
strongly  colored  yellow  compound  that  this  reagent  yields 
with  quinquevalent  vanadium  in  acid  solution  is  presumably 
phosphotungstovanadic  acid.  Vanadate  gives  a  yellow  color 
with  tungstate  alone  in  slightly  acid  solution,  but  the  color  is 
much  intensified  by  phosphoric  acid.  The  sensitivity  of  the 
phosphotungstic  acid  reaction  for  vanadate  is  several  times  as 
great  as  that  with  hydrogen  peroxide.  Moreover,  it  seems 
that  the  yellow  color  given  by  the  former  reagent  can  be  more 
accurately  matched  in  a  colorimetric  comparison  than  can  the 
reddish  brown  given  by  hydrogen  peroxide.  With  phospho¬ 
tungstic  acid  as  reagent  it  is  possible  to  detect  0.005  mg.  of 
vanadium  in  10  ml.  of  solution  when  the  latter  is  viewed 
through  a  thickness  of  5  cm.;  by  using  a  blank  for  compari¬ 
son,  0.002  mg.  of  vanadium  can  be  detected  under  the  same 
conditions.  The  reaction  is  best  carried  out  by  adding  in  suc¬ 
cession  to  the  neutral  or  slightly  acid  vanadate  solution,  85 
per  cent  phosphoric  acid  and  sodium  tungstate  solution;  the 
quantities  specified  in  the  procedure  provide  a  sufficient  excess 
of  reagent  to  give  the  maximum  color  intensity  for  such  quan¬ 
tities  of  vanadium  as  can  be  present  for  satisfactory  color 
comparison  in  10  ml.  The  color  development  is  immediate, 
and  the  color  intensity  undergoes  no  change  with  the  lapse  of 
time.  It  is  therefore  possible  to  make  the  color  comparison 
by  colorimetric  titration — i.  e.,  by  adding  a  standard  solution 
of  vanadate  to  the  phosphotungstic  acid  reagent  contained  in 
a  tube  identical  with  the  one  holding  the  unknown  until  the 
colors  of  the  two  solutions  match.  This  method  of  compari¬ 
son  is  to  be  preferred  to  the  use  of  a  colorimeter  when  the 
amount  of  vanadium  being  determined  is  very  small,  since 
the  former  method  is  more  sensitive. 

The  results  given  in  Table  I  serve  to  indicate  the  perform¬ 
ance  of  the  phosphotungstic  acid  method  for  vanadium  in 
pure  solutions  and  in  the  presence  of  such  substances  as  have 
a  bearing  on  the  application  of  the  procedure  in  rock  analysis. 
The  values  recorded  in  the  table  were  all  obtained  by  colori¬ 
metric  titration  as  described  in  the  procedure,  the  solutions 
being  contained  in  30-ml.  cylindrical  tubes,  15  cm.  in  height 
and  with  flat  bottoms.  In  most  cases  the  final  volume  was 
near  10  ml.  Silica,  alkali  metal  salts,  fluoride,  borate,  and 
arsenate  do  not  interfere.  Aluminum  and  especially  ferric 
iron  diminish  the  color  of  the  phosphotungstovanadic  acid 
and  lead  to  low  results,  whereas  molybdate  gives  high  results. 
The  amount  of  iron  going  into  the  filtrate  from  the  sodium 
carbonate  melt  of  an  igneous  rock  is  too  small  to  cause  appre¬ 
ciable  error.  Molybdenum  does  not  occur  in  sufficiently 
large  quantities  in  rocks  to  introduce  any  error. 

Table  II  contains  the  results  obtained  in  the  application  of 
the  proposed  method  to  a  synthetic  basic  rock  with  added 
amounts  of  vanadium,  and  also  to  a  few  natural  rocks  to 
which  were  added  known  amounts  of  the  element.  The  analy¬ 
sis  was  made  as  described  in  the  procedure  below,  the  vana¬ 
dium  first  being  separated  with  8-hydroxyquinoline  and  chlo¬ 
roform.  Except  in  Nos.  11,  19,  and  20,  the  aliquots  used 
corresponded  to  0.1  gram  of  sample.  It  may  be  concluded 
from  these  results  that  the  method  gives  values  of  satisfactory 
accuracy  for  V2O3  contents  ranging  from  0.001  to  0.1  per  cent. 
Chromium  is  without  effect.  The  use  of  a  mixture  of  sodium 
carbonate  and  potassium  nitrate,  instead  of  sodium  carbonate 


alone,  for  the  decomposition  of  the  rock  appears  to  be  un¬ 
necessary.  The  amount  of  vanadium  retained  by  the  leached 
residue  from  the  sodium  carbonate  fusion  appears  to  be  small 
enough  to  neglect  (No.  6).  In  a  few  cases  a  little  difficulty 
arose  from  the  formation  of  an  emulsion  of  chloroform  and 
the  aqueous  solution,  this  being  more  prone  to  occur  with  the 
acid  rocks. 

In  the  absence  of  appreciable  amounts  of  chromium,  vana¬ 
dium  can  be  determined  with  fair  accuracy  without  previous 
separation  with  8-hydroxyquinoline  and  chloroform  if  the 
amount  present  is  not  too  small.  The  figures  in  Table  III 
(obtained  with  rocks  practically  free  from  chromium)  indi¬ 
cate  the  accuracy  that  may  be  expected.  The  values  for  the 
direct  determination  were  obtained  by  acidifying  10  ml.  of 
filtrate  corresponding  to  0.1  gram  of  sample  and  adding  phos¬ 
photungstic  acid.  Generally  the  hues  of  the  comparison 
solution  and  the  rock  filtrate  are  not  the  same,  and  great  exact¬ 
ness  in  matching  is  not  possible.  Although  the  direct  method 
is  not  recommended,  it  may  be  of  some  value  when  an  approxi- 


Table  I.  Determination  of  Vanadium  by  Colorimetric 
Titration  with  Phosphotungstic  Acid  as  Reagent 


No. 

Addition 

Vana¬ 

dium 

Taken 

Vana¬ 

dium 

Found 

Error 

1 

Mg. 

0  003 

Mg. 

0  003 

Mg. 

0.000 

2 

0 . 005 

0.004 

-0.001 

3 

0.012 

0.012 

0.000 

4 

0 . 020 

0.021 

+  0.001 

5 

0.022 

0.021 

-0.001 

6 

0.031 

0 . 029 

-0.002 

7 

0.032 

0.030 

-0.002 

8 

0 . 040 

0.041 

+0.001 

9 

0.050 

0.051 

+  0.001 

10 

0.2  gram  of  NajSOi 

0.020 

0.019 

-0.001 

u 

0.5  gram  of  Na2S04 

0.025 

0.025 

0.000 

12 

1.0  gram  of  NaCl 

0.025 

0.023 

-0.002 

13 

0.10  gram  of  Si02  as  sodium  silicate  +  1  ml. 
of  6  A  H2SO4 

0.025 

0.024 

-0.001 

14 

10  mg.  of  A1  as  AICI3 

0.025 

0.022 

-0.003 

15 

50  mg.  of  A1  as  AlCIs 

0.025 

0.017 

-0.008 

16 

0.5  mg.  of  Fe  as  FeCb 

0.025 

0 . 023 

-0.002 

17 

1.0  mg.  of  Fe  as  FeCl3 

0.025 

0.021 

-0.004 

18 

1.0  mg.  of  Fe  as  FeCb  +  0.5  ml.  of  85% 
H3PO< 

0.025 

0.021 

-0.004 

19 

10  mg.  of  NaF  +  0.1  ml.  of  6  N  H2SO1 

0 . 025 

0.025 

0.000 

20 

0.1  gram  of  H3BO3 

0.025 

0.025 

0.000 

21 

0.5  mg.  of  Mo  as  NH4  molybdate 

0.020 

0.022 

+  0.002 

22 

1.0  mg.  of  Mo  as  NH<  molybdate 

0.020 

0 . 023 

+  0.003 

23 

10.0  mg.  of  Mo  as  NH4  molybdate 

0.020 

0 . 026 

+  0.006 

24 

50  mg.  of  NaiHAsOi 

0  025 

0.024 

-0.001 

Table  II.  Determination  of  Vanadium  in  Silicate  Rocks 
by  the  8-Hydroxyquinoline -Phosphotungstic  Acid  Method 


V2O3 

V203 

V2O3 

Error 

No. 

Sample 

Present 

Added 

Found 

V2O3 

% 

% 

% 

% 

1 

Synthetic  basic  rocka 

0.000b 

2 

Synthetic  basic  rock 

0,’6o21 

0.0027 

+  0.0006 

3 

Synthetic  basic  rock 

0.004 

0.005 

+0.001 

4 

Synthetic  basic  rock 

0.015 

0.014 

-0.001 

5 

Synthetic  basic  rock 

0.042 

0.040 

-0.002 

6 

Synthetic  basic  rock 

0.060 

0 . 059 c 

-0.001 

7 

Synthetic  basic  rock 

0  105 

0.110 

+  0.005 

8 

Synthetic  basic  rock 

0.105 

0. 101 

-0.004 

9 

Synthetic  basic  rock  with  1% 

Cr203 

0.006 

0.005 

-0.001 

10 

Synthetic  basic  rock  with  1% 

Cr203 

0.0120 

0.0115 

-0.0005 

11 

Granite  (0.5  gram) 

o.oois 

0 . 0030 

0 . 0040 

-0.0005 

12 

Granite  +  2%  F 

0.0015 

0.0065 

0.007 

-0.001 

13 

Gabbro  (0.005%  Cr203) 

0.019 

0.049 

0.065 

-0.003 

14 

Gabbro  (same  as  No.  13) 

0.0224 

15 

Diabase 

0.029 

0+33 

0 . 062 

6 . 600 

16 

Diabase  (same  as  No.  15) 

0.0294 

17 

Shale 

0.044 

18 

Shale  (same  as  No.  17) 

0.0414 

19 

Magnetite-ilmenite  sand  (0.01 

gram)  e 

0.245 

20 

Magnetite-ilmenite  sand  (same 

as  No.  19) 

0.234 

°  Percentage  composition:  Si02,  55;  AI2O3,  20;  FeaCb,  10;  MgO,  6; 
CaO,  7;  Ti02,  1;  P206,  0.5;  MnO,  0.5. 

b  Sensitivity  of  method  for  0. 5-gram  sample  <  0.0005  per  cent  V2O3. 
c  Refusion  of  the  washed  residue  from  the  first  sodium  carbonate  fusion 
yielded  an  additional  0.001  per  cent  of  V20«. 

d  Sample  fused  with  Na2C03  +  KNO3  (4  to  1)  instead  of  with  Na2CO« 
alone  as  in  other  determinations. 

*  Fused  1  hour,  instead  of  20  to  30  minutes  as  in  other  determinations. 
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mate  figure  for  vanadium  in  a  rock  sensibly  free  from  chro¬ 
mium  is  desired. 

Chromium.  For  the  determination  of  very  small  amounts 
of  chromium  in  rocks,  the  usual  method  involving  the  com¬ 
parison  of  the  color  of  the  filtrate  from  the  sodium  carbonate 
melt  with  a  potassium  chromate  solution  of  known  concen¬ 
tration  is  unsatisfactory,  not  so  much  because  of  insufficient 
sensitivity  as  on  account  of  interference  from  traces  of  for¬ 
eign  substances  which  impart  a  color  to  the  solution.  It  is 
usually  found  that  the  filtered  leach  of  the  sodium  carbonate 
melt  of  a  rock  possesses  a  yellow-brown  tinge,  even  when  no 
chromium  is  present.  This  slight  coloration  is  probably  due 
largely  to  colloidal  hydrous  ferric  oxide.  If  nitrate  is  used  in 
the  fusion  and  the  crucible  is  attacked,  a  yellowish  coloration 
may  be  imparted  to  the  solution  by  the  dissolved  platinum. 
Incomplete  reduction  of  manganate,  and  failure  to  wash 
traces  of  coloring  matter  from  the  filter  paper  with  hot  strong 
sodium  carbonate  solution  may  also  lead  to  false  coloration  of 
the  filtrate,  but  these  sources  of  error  are  easily  avoided. 

The  presence  of  iron  in  the  filtrate  seems  to  result  from  the 
peptization  of  hydrous  ferric  oxide  by  silica.  The  error  may 
be  considerable  in  the  case  of  acid  rocks  containing  relatively 
much  iron.  Thus  a  rhyolite  high  in  iron  showed  an  apparent 
Cr203  content  of  0.005  per  cent  by  the  usual  method,  when  ac¬ 
tually  no  chromium  could  be  detected  by  the  sensitive  di- 
phenvlcarbazide  reaction  described  below,  and  a  granite  gave 
an  apparent  percentage  of  0.004  Cr203  when  actually  only 
0.0006  per  cent  was  present.  With  basic  rocks  the  error  may 
be  smaller.  For  example,  a  gabbro  containing  0.005  per  cent 
of  Cr203  gave  an  apparent  value  of  0.007  to  0.008  per  cent, 
and  the  synthetic  basic  rock  of  Table  II  showed  0.004  to  0.005 
per  cent  instead  of  the  true  value,  0.002  per  cent. 

Therefore,  it  is  desirable  to  base  the  colorimetric  determina¬ 
tion  of  traces  of  chromium  on  the  use  of  a  reagent  which  gives 
a  sensitive  specific  reaction  with  the  element.  Such  a  reagent 
is  diphenylcarbazide,  which,  as  discovered  by  Cazeneuve  (I), 
reacts  with  sexivalent  chromium  in  acid  solution  to  give  an  in¬ 
tensely  colored  red-violet  oxidation  product.  A  colorimetric 


Figure  1.  Relation  between  Chromate  Con¬ 
centration  and  Color  Intensity  in  Determi¬ 
nation  of  Chromium  by  the  Diphenylcarba¬ 
zide  Method 


method  for  chromium  has  been  based  on  this  reaction  by 
Moulin  {12)  and  others.  The  method  does  not  appear  to 
have  been  applied  to  the  determination  of  chromium  in  sili¬ 
cates,  although  the  reaction  is  used  for  the  detection  of  the 
element  in  rocks  and  minerals  {2). 

In  the  present  work  it  was  found  that  a  fairly  satisfactory 
determination  of  traces  of  chromium  in  silicates  could  be  ob¬ 
tained  by  the  use  of  diphenylcarbazide.  Quinquevalent  vana¬ 
dium  interferes  by  reacting  with  the  reagent  in  acid  solution 
to  give  a  strongly  colored  yellow  compound.  However,  vana¬ 
dium  can  be  removed  from  the  solution  as  previously  described 
by  the  addition  of  8-hydroxyquinoline  and  extraction  of  the 
vanadium  hydroxyquinoline  compound  with  chloroform; 
sexivalent  chromium  is  not  reduced  in  the  process.  The  ex¬ 
cess  of  8-hydroxyquinoline  is  simultaneously  extracted  by  the 
chloroform  from  the  neutralized  solution. 

If  the  amount  of  V203  does  not  exceed  the  amount  of  Cr203, 
it  is  usually  unnecessary  to  remove  the  vanadium.  Although 
the  hue  of  the  chromium-diphenylcarbazide  solution  is  then 
altered,  becoming  more  red,  no  appreciable  error  results. 

A  brief  study  was  first  made  of  the  determination  of  chro¬ 
mate  in  pure  solution  with  diphenylcarbazide.  Without 
giving  the  numerical  data  obtained,  the  results  may  be  sum¬ 
marized  as  follows: 

The  stability  of  the  red-violet  compound  formed  in  the  oxida¬ 
tion  of  the  diphenylcarbazide  by  chromate  is  good  under  the 
proper  conditions.  Of  chief  importance  is  the  acidity  of  the  solu¬ 
tion,  which  must  be  sufficient  to  permit  the  development  of  the 
maximum  color  intensity  and  to  prevent  the  interference  of  other 
elements  that  may  give  a  color  at  low  acidities.  A  too  high 
acidity  leads  to  fairly  rapid  fading  of  the  chromate-diphenylcarba- 
zide  color.  Thus,  the  color  of  a  solution  containing  the  equiva¬ 
lent  of  0.010  mg.  of  Cr203,  5  ml.  of  6  A  sulfuric  acid,  and  2  ml.  of 
0.25  per  cent  diphenylcarbazide  in  25  ml.  showed  a  decrease  in  in¬ 
tensity  amounting  to  7  or  8  per  cent  in  1  hour;  solutions  contain¬ 
ing  less  chromium  are  more  unstable,  other  conditions  being  the 
same.  When  the  acidity  was  reduced  to  approximately  0.2  A 
(1  ml.  of  6  A  sulfuric  acid  in  25  ml.  of  final  volume)  the  color  was 
more  stable.  After  1  horn-,  with  the  same  amount  of  chromium 
and  reagent  as  before,  the  color  intensity  in  this  case  had  de¬ 
creased  by  3  per  cent  on  the  average.  Moreover,  at  the  lower 
acidity  the  color  given  by  low  chromate  concentrations  (0.1  mg. 
of  CrjO.-i  per  liter)  was  nearly  as  stable  as  that  of  more  concen¬ 
trated  solutions. 

The  excess  of  diphenylcarbazide  has  but  a  small  effect  on  the 
intensity  and  stability  of  the  color.  Thus,  with  0.010  mg.  of 
Cr203  in  25  ml.  of  0.2  A  sulfuric  acid,  the  color  intensity  was  the 
same  within  a  few  per  cent  whether  the  amount  of  diphenylcar¬ 
bazide  solution  used  was  2,  1,  0.5,  or  0.2  ml.  of  0.5  per  cent  re¬ 
agent  in  1  to  1  acetone,  and  the  color  stability  was  approximately 
the  same  in  all  cases.  The  reproducibility  of  the  color  is  not  all 
that  might  be  desired,  as  illustrated  by  the  following  figures  (ex¬ 
pressing  relative  color  intensities)  obtained  by  adding  a  mixture  of 
1  ml.  of  0.25  per  cent  diphenylcarbazide,  1  ml.  of  6  A  sulfuric 
acid,  and  3  ml.  of  water  to  15  ml.  of  water  containing  the  desig¬ 
nated  amounts  of  chromium,  and  diluting  to  25  ml. 

0.005  mg.  of  CrsOa— 1.00,  0.96;  1.00,  1.02 

0.010  mg.  of  CrjOs— 1.00,  1.025,  1.015;  1.00,  1.02,  1.025 

0.015  mg.  of  Cr2C>3 — 1.00,  1.01 

Beer’s  law  is  followed  (Figure  1).  The  presence  of  sodium  sul¬ 
fate  does  not  alter  the  hue  or  intensity  of  the  chromate-diphenyl- 
carbazide  color,  even  when  as  much  as  5  per  cent  of  the  salt  is 
present  in  the  solution. 

The  results  given  in  Table  IV  were  obtained  by  following 
the  directions  given  in  the  procedure.  Chromium  was  added 
to  the  samples  in  the  form  of  chromic  sulfate.  The  method 
proposed  gives,  on  the  whole,  satisfactory  results.  There  is  a 
distinct  tendency  for  the  chromium  values  to  be  slightly  low. 
The  color  of  the  filtered  sodium  carbonate  leach  of  the  rock, 
after  removal  of  vanadium  and  addition  of  diphenylcarbazide, 
usually  does  not  have  exactly  the  same  hue  as  that  of  the  stand¬ 
ard  chromate  solution.  The  difference  is  most  marked  at  very 
low  chromium  concentrations ;  then  the  sample  solution  gen¬ 
erally  possesses  a  distinct  brownish  tinge,  in  contrast  to  the 
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pure  red-violet  of  the  comparison  solution.  At  higher  chro¬ 
mium  concentrations  the  difference  in  hue  is  very  slight  and 
rarely  gives  any  trouble.  As  little  as  0.0005  per  cent  of  Cr203 
can  be  detected  when  a  0.1-gram  sample  is  taken  and  vana¬ 
dium  is  first  removed. 


Table  III.  Determination  of  Vanadium  in  Rocks  without 
Previous  Separation  with  8-Hydroxyquinoline  and  Chloro¬ 
form 

V2O3  Found 


8-Hydroxy- 

quinoline 

Direct 

Difference, 

No. 

Sample 

method 

method 

v2o3 

% 

% 

% 

1 

Synthetic  basic  rock 

0.042 

0 . 036 

-0.006 

2 

Synthetic  basic  rock 

0  105 

0.11 

+  0.005 

3 

Diorite 

0.026 

0.023 

-0.003 

4 

Gabbro  (0.005%  Cr203) 

0.019 

0.022 

+  0.003 

5 

Gabbro  (0.005%  CrsOs) 

0  065 

0.06  to  0.07 

±0.005 

6 

Diabase 

0.029 

0.031 

+0.002 

7 

Diabase 

0.062 

0.055 

-0.007 

8 

Shale 

0.044 

0.039 

-0.005 

9 

Magnetite-ilmenite  sand 

0  245 

0.245 

0.00 

Table  IV.  Determination  of  Chromium  in  Rocks  with 
Diphenylcarbazide 


CrzOs 

Cr203 

Cr203 

Error 

No. 

Sample 

Present 

Added 

Found 

CnCh 

% 

% 

% 

% 

1 

Synthetic  basic  rocka 

0.002 

2 

Synthetic  basic  rock 

0^002 

o'o05 

0 . 0065 

-o’6oo5 

3 

Synthetic  basic  rock6 

0.002 

0.005 

0.007 

0  000 

4 

Synthetic  basic  rock 

0.002 

0.010 

0.012 

0.000 

5 

Synthetic  basic  rock6 

0.002 

0.020 

0.023 

+0.001 

6 

Synthetic  basic  rock 

0.002 

0.020 

0.022 

0.000 

7 

Synthetic  basic  rock 

0.002 

0.050 

0.053 

+0.001 

8 

Synthetic  basic  rock  +  0.10% 

V2O.+ 

0.002 

0.005 

0 . 0065 

-0.0005 

'  9 

Synthetic  basic  rock  +  0.10% 

V2O36 

0.002 

0.050 

0.050 

-0 . 002 

1  10 

Rhyolite  (V2O3  =  nil)  c 

0.000 

0.0010 

0  0008 

-0.0002 

E  n 

Rhyolite6, c 

0.000 

0.0020 

0.0016 

-0.0004 

j  12 

Rhyolite6 

0.000 

0 . 0020 

0.0017 

-0.0003 

l]  13 

Rhyolite6 

0  000 

0  0050 

0 . 0044 

-0.0006 

14 

Rhyolite 

0.000 

0.0050 

0.0050 

0 . 0000 

15 

Rhyolite  +  0.05%  V2O36 

0.000 

0.002 

0.001 

-0.001 

16 

Rhyolite  +  0.10%  V2O36 

0.000 

0.002 

0.0015 

-0.0005 

17 

Rhyolite  +  0.10%  V2O36 

0.000 

0.000 

0.000 

0.000 

18 

Granite6 

0 . 0006 

0.0020 

0 . 0025 

0  000 

19 

Gabbro  (0.02%  V2O3)6 

0  005 

0.010 

0.014 

-0.001 

20 

Gabbro  (0.12%  VjO.,)6 

0.005 

0.000 

0 . 0045 

-0.0005 

21 

Gabbro  (0.12%  V2O3)6 

0.005 

0.010 

0.0135 

-0.0015 

a 

For  composition,  see  Table  II; 

0. 2-gram  sample  usee 

in  No.  1,  0.1  gram 

in  all  other  determinations. 

6  Treated  with  8-hydroxyquinoline  and  extracted  with  chloroform;  others 


uut  su  tictucu. 

c  Chromium  (as  chromate)  added  to  filtrate  of  leached  melt;  in  all  others, 
chromium  added  before  fusion. 


Molybdenum.  For  the  colorimetric  determination  of  this 
element  in  silicate  rocks,  a  very  sensitive  reaction  must  be 
made  the  basis  of  the  method,  since  the  amount  of  M0O3 
present  may  be  no  more  than  0.001  to  0.0001  per  cent. 

Attempts  to  make  use  of  potassium  ethyl  xanthate  (9)  as  re¬ 
agent  for  the  purpose  resulted  unsatisfactorily  in  the  author’s 
hands,  as  has  also  been  the  experience  of  others.  Phenylhydra- 
zine  (11)  is  not  well  suited  for  the  determination  of  very  minute 
1  amounts  of  molybdenum  because  of  insufficient  sensitivity,  (von 
Hevesy  and  Hobbie,  5,  in  a  paper  on  the  determination  of  tung¬ 
sten  and  molybdenum  in  rocks  have  described  the  determination 
of  molybdenum  with  phenylhydrazine  as  colorimetric  reagent; 
these  authors  used  samples  weighing  from  150  to  270  grams  for 
molybdenum  contents  in  the  range  10 _4  to  10 ~3  per  cent.) 

The  familiar  potassium  thiocyanate— stannous  chloride  method 
for  molybdenum  was,  however,  found  excellent  for  the  minute 
amounts  of  the  element  occurring  in  igneous  rocks.  (Stanfield, 

1  13,  has  applied  this  method  to  the  determination  of  molybdenum 
in  plant  ashes  and  soils,  first  isolating  the  element  as  the  sulfide 
and  finally  extracting  the  molybdenum  thiocyanate  with  butyl 
'  acetate.  Hauptmann  and  Balconi,  J+,  have  used  both  the  thio¬ 
cyanate-stannous  chloride  method,  without  an  extractant,  and 
I  the  phenylhydrazine  method  for  the  determination  of  small 
amounts  of  molybdenum  in  manganese  minerals.)  The  reaction 
can  be  applied  directly  to  the  filtered  leach  of  the  sodium  car¬ 
bonate  melt  of  the  sample.  By  using  ethyl  ether  to  extract  the 
molybdenum  thiocyanate  compound  from  the  aqueous  solution, 


the  stability  of  the  colored  product  is  increased,  and  at  the  same 
time  the  substance  is  concentrated  in  a  small  volume  of  solvent, 
so  that  the  determination  of  extremely  small  amounts  of  molyb¬ 
denum  becomes  possible.  In  this  way  as  little  as  0.001  mg.  of  the 
element  can  be  determined  in  100  ml.  of  solution.  Rhenium 
gives  the  same  reaction  as  molybdenum  (3),  but  it  may  be  ex¬ 
pected  that  this  element  will  not  be  present  in  detectable  amounts 
in  silicate  rocks. 

It  is  advantageous  to  make  the  colorimetric  determination  of 
the  molybdenum  thiocyanate  in  the  ether  by  colorimetric  titra¬ 
tion;  adding  a  standard  ethereal  solution  of  molybdenum  thio¬ 
cyanate  to  pure  ether  having  nearly  the  same  volume  as  the  un¬ 
known  solution  and  contained  in  an  identical  tube,  until  the  colors 
match.  By  using  color-comparison  tubes  of  suitable  size,  it  is 
possible  to  determine  as  little  as  0.0001  per  cent  of  molybdenum 
trioxide  when  a  0.5-gram  sample  is  taken.  Ethyl  ether  is  not  an 
ideal  solvent  for  the  extraction  and  for  making  up  the  standard 
molybdenum  solution,  because  of  its  volatility.  However,  there 
are  certain  objections  to  the  use  of  other  solvents,  such  as  butyl 
acetate  and  cyclohexanol  as  shown  by  Hurd  and  Allen  (7),  and 
therefore  ethyl  ether  was  employed  in  the  present  work;  it  is 
satisfactory  if  reasonable  care  is  taken  in  its  use. 

The  method  proposed  was  tested  with  synthetic  mixtures, 
simulating  acid  and  basic  rocks,  to  which  known  amounts  of 
molybdenum  were  added,  and  also  with  rocks  of  various  types. 
The  results  are  tabulated  in  Table  V.  Other  elements  do  not, 
in  general,  interfere.  The  major  rock  constituents,  including 
phosphorus,  are  without  effect;  chromium,  vanadium,  ura¬ 
nium,  tungsten,  tantalum,  and  fluorine  do  not  interfere,  at 
least  in  the  amounts  that  these  are  met  with  in  silicate  rocks. 
Much  fluoride  leads  to  low  results.  Small  amounts  of  iron, 
such  as  may  be  found  in  the  sodium  carbonate  filtrate,  give  no 
coloration  when  the  directions  given  below  are  followed,  as 
was  proved  by  the  addition  of  0.5  mg.  of  iron  as  the  chloride. 

Any  separation  of  silica  after  acidification  of  the  filtrate 
leads  to  low  results,  presumably  because  of  the  adsorption  of 
molybdenum.  It  was  feared  that  traces  of  platinum  might 
interfere,  since  chloroplatinous  acid  is  soluble  in  ether  with  a 
yellow  color;  however,  thiocyanate  reduces  the  sensitivity  of 
this  reaction.  Blanks  showed  that  there  is  no  significant  error 
due  to  slight  attack  of  the  platinum  crucible  by  the  sodium 
carbonate  melt.  Tungsten  in  appreciable  amounts  (0.05 
per  cent)  appears  to  alter  the  hue  of  the  ether  solution  of  the 
molybdenum  thiocyanate,  making  it  more  yellow,  and  thus 
renders  the  color  comparison  less  exact.  The  small  amounts 
of  tungsten  usually  encountered  in  igneous  rocks  do  not  inter¬ 
fere.  Even  in  the  absence  of  tungsten,  differences  in  hue  be¬ 
tween  the  unknown  and  standard  solutions  were  sometimes 
noted.  In  every  case  in  which  there  was  a  difference,  the 
standard  possessed  a  more  orange  tint.  These  differences 
were  usually  slight,  and  in  no  case,  is  it  believed,  was  an  error 
greater  than  ±  10  per  cent  introduced  on  this  account ;  there¬ 
fore  the  cause,  or  causes,  of  the  difference  in  hue  was  not  in¬ 
vestigated.  It  is  important  that  the  ether  used  for  diluting 
the  standard  molybdenum  thiocyanate  solution  be  shaken 
with  stannous  chloride  and  potassium  thiocyanate  before  use; 
ether  not  so  treated  is  likely  to  bleach  the  color  of  the  molyb¬ 
denum  thiocyanate  and  give  a  decided  reddish  hue  to  the 
normal  yellow-brown  color  of  the  standard.  The  standard 
solution  is  not  stable;  it  becomes  darker  on  standing. 

In  determining  minimal  quantities  of  molybdenum  by  this 
method,  it  is  important  to  run  a  blank  on  the  sodium  carbon¬ 
ate  used  for  the  decomposition;  in  the  most  accurate  work 
only  sodium  carbonate  showing  a  negligible  blank  should  be 
employed.  The  c.  p.  anhydrous  sodium  carbonate  of  one 
manufacturer  gave  a  blank  corresponding  to  3.5  ±  1  X  10’s 
per  cent  of  M0O3,  whereas  the  product  of  another  gave  a 
barely  detectable  reaction  corresponding  to  1  X  10  “5  per  cent 
of  M0O3. 

There  appears  to  be  no  appreciable  retention  of  molyb¬ 
denum  by  the  leached  residue,  at  least  for  amounts  in  the 
range  of  6.01  to  0.0001  per  cent  of  M0O3. 


340 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  5 


Table  V.  Determination  of  Molybdenum  in  Rocks  by 
the  Thiocyanate- Stannous  Chloride-Ether  Method 


M003 

M003 

M0O3 

Error, 

No. 

Sample 

Present 

Added 

Found 

M0O3 

% 

% 

% 

% 

1 

Synthetic  acid  rock  (0.5  gram)a 

0.0000 

2 

Synthetic  acid  rock  (0.5  gram) 

0.0000 

0 . 00070 

0.00075 

+  0.0C005 

3 

Synthetic  acid  rock  (0.1  gram) 

0.0000 

0.010 

0.009 

-0.001 

4 

Synthetic  basic  rock  (0.5  gram)i> 

0.0000 

5 

Synthetic  basic  rock  (0.5  gram) 

0 . 0600 

0.00040 

0.00045 

+0.66605 

6 

Synthetic  basic  rock  (0.1  gram) 

0 . 0000 

0.007 

0.006 

-0.001 

7 

Granite  (0.1  gram) 

0.0003 

0.007 

0.008 

+0.001 

8 

Granite  +  10%  P2O5  (0.1  gram) 

0.0003 

0.007 

0  008 

+0.001 

9 

Granite  +  0.5%  F  (0.1  gram) 

0 . 0003 

0.007 

0.007 

0  000 

10 

Granite  +  1.3%  F  (0.1  gram) 

0.0003 

0.007 

0 . 0055 

-0.002 

11 

Granite  +  0.5%  U  +  1%  Ta 

(0.1  gram) 

0 . 0003 

0.007 

0.0075 

0.000 

12 

Diorite  (0.5  gram) 

0.0001 

0 . 00055 =0 . 0006 

-0.00005 

13 

Diorite  (0.5  gram) 

0.0001 

0 . 0002 

0.00025 

-0.00005 

14 

Diorite  (0.5  gram) 

0.0001 

0.0002 

0.00035 

+0.00005 

15 

Gabbro  (0.5  gram) 

0.00015 

0 . 0003  c 

0.0005 

-0.00005 

16 

Gabbro  (0.5  gram) 

0.00015 

0.0007 

0.00075 

-0.0001 

17 

Slate 

0.00005 

0. 00055 c0. 00055 

-0.00005 

18 

Synthetic  acid  rock  +  0.5%  F 

(0.5  gram) 

0 . 0000 

0 . 0007 

0.0008 

+0.0001 

19 

Synthetic  acid  rock  +  0.05% 

WOs 

0.0000 

0.0007 

0.0009 

+  0.0002 

°  Percentage  composition:  SiOs,  77;  AI2O3,  17;  Fe203,  2.1;  MgO,  1.3; 
CaO,  2.2;  Ti02,  0.2;  P2Os,  0.1;  MnO,  0.1. 

6  For  composition  see  Table  II. 

c  Molybdenum  added  to  filtrate  of  sodium  carbonate  melt;  in  all  other 
determinations  element  added  to  sample  before  fusion. 


Procedure 

Decomposition  of  Sample.  Weigh  1  gram  of  100-mesh 
rock  powder  into  a  platinum  crucible  and  mix  with  four  to  five 
times  as  much  powdered  anhydrous  sodium  carbonate  (reagent 
quality).  Cover  the  crucible,  heat  to  fusion,  and  keep  at  the  full 
heat  of  a  Meker  burner  for  20  to  30  minutes,  or  longer  if  relatively 
much  chromite  or  magnetite  is  present.  Allow  the  crucible  to 
cool  to  room  temperature,  add  a  few  milliliters  of  water  to  cover 
the  melt,  and  then  warm  with  a  small  flame  to  loosen  the  cake. 
Transfer  the  cake  to  a  small  Pyrex  beaker,  rinse  the  crucible  with 
hot  water,  add  2  to  5  drops  of  ethyl  alcohol  (depending  upon  the 
amount  of  manganate  present)  and  30  or  40  ml.  of  water  to  the 
beaker,  and  heat  on  the  steam  bath.  During  the  digestion  aid  the 
disintegration  of  the  cake  by  crushing  and  grinding  with  a  glass 
rod  flattened  at  one  end.  When  the  residue  has  been  well  dis¬ 
integrated  and  the  manganate  reduced,  filter  the  liquid  through 
a  small  fine-grained  filter  paper  which  has  been  previously 
washed  with  hot  20  per  cent  sodium  carbonate  solution  to  remove 
traces  of  coloring  matter.  Wash  the  insoluble  material  in  the 
beaker  and  on  the  paper  with  hot  1  per  cent  sodium  carbonate 
solution  (four  or  five  5-ml.  portions  will  usually  suffice). 

If  the  filtrate  has  a  distinct  yellow  color,  determine  chro¬ 
mium  in  the  combined  filtrate  and  washings  by  the  usual 
method  of  comparison  against  a  standard  solution  of  potas¬ 
sium  chromate  containing  sodium  carbonate,  using  a  colorime¬ 
ter  or  Nessler  tubes,  depending  on  the  strength  of  color.  For 
chromium  contents  less  than  0.01  or  0.02  per  cent  of  Cr203, 
the  value  thus  obtained  may  be  appreciably  in  error  and  it  is 
then  better  to  determine  chromium  with  diphenyl  car  bazide 
as  described  below. 

Vanadium.  Special  solutions  are  prepared  as  follows: 

8-Hydroxy  quinoline,  2.5  per  cent.  Dissolve  2.5  grams  of 
finely  powdered  8-hydroxyquinoline  in  100  ml.  of  2  A  (1  to  8) 
acetic  acid. 

Sodium  tungstate,  5  per  cent.  Dissolve  5  grams  of  Na2WC>4— 
2H20  (reagent  quality)  in  100  ml.  of  water. 

Standard  vanadium  solution.  Prepare  a  solution  of  am¬ 
monium  metavanadate  (or  other  alkali  vanadate)  containing  the 
equivalent  of  approximately  0.01  mg.  of  V203  per  ml.  by  diluting  a 
stronger  solution.  Standardize  the  stronger  solution  in  the  usual 
manner  by  reducing  the  acid  solution  with  sulfur  dioxide  and 
titrating  with  standard  potassium  permanganate  after  expulsion 
of  sulfur  dioxide. 

Make  up  the  combined  filtrate  and  washings  from  above  to 
100  ml.  in  a  volumetric  flask.  For  the  determination  of  vana¬ 
dium,  transfer  10  to  25  ml.  of  this  solution,  depending  upon  the 
probable  vanadium  content  (for  basic  and  intermediate  rocks 
such  as  diabases,  gabbros,  and  diorites,  10  ml.,  corresponding  to 
0.1  gram  of  sample,  will  usually  suffice,  whereas  for  acid  rocks— 
e.  g.,  granites — 25  ml.,  or  better  50  ml.,  should  be  taken)  to  a  50- 


or  100-ml.  Erlenmeyer  flask,  and  add  one  drop  of  methyl  orange 
indicator  solution.  Then  add  4  A  sulfuric  acid  carefully  from 
a  buret  until  the  solution  assumes  the  intermediate  color  of  the 
indicator;  make  a  note  of  the  volume  of  acid  required  if  chro¬ 
mium  is  to  be  determined  later  with  diphenylcarbazide.  Swirl 
the  liquid  to  liberate  carbon  dioxide  present  in  supersaturated 
solution,  and  transfer  the  solution  to  a  small  separatory  funnel. 
Add  2  ml.  of  chloroform  (analytical  reagent)  and  0.1  ml.  of  8- 
hydroxyquinoline  solution.  Shake  moderately  vigorously  for  1 
minute,  allow  the  layers  to  separate,  and  draw  off  the  chloroform 
into  a  platinum  crucible;  add  1  ml.  of  chloroform  to  wash  out  the 
stem  of  the  funnel.  Then  add  2  ml.  of  chloroform  and  0.1  ml.  of 
8-hydroxyquinoline  to  the  solution  in  the  funnel,  shake  as  before, 
and  transfer  the  chloroform  to  the  platinum  crucible.  Repeat 
the  extraction  once  more  with  chloroform  and  8-hydroxyquino¬ 
line.  A  total  of  three  extractions  should  suffice  for  the  majority 
of  rocks.  The  last  chloroform  extract  should  show  only  a  faint 
yellowish  coloration  due  to  8-hydroxyquinoline  itself. 

To  the  crucible  containing  the  combined  chloroform  extracts 
add  0.10  gram  of  anhydrous  sodium  carbonate,  and  evaporate  to 
dryness  at  a  low  temperature.  Then  heat  the  crucible  with  a 
flame  to  destroy  organic  matter,  finally  applying  the  full  heat  of 
the  burner  for  1  or  2  minutes.  Cool,  add  3  or  4  ml.  of  water,  let 
stand  until  solution  is  complete  (warming,  if  desired,  to  hasten 
dissolution),  and  transfer  the  solution  to  a  color-comparison  tube. 

It  is  convenient  to  use  a  tube  having  an  internal  diameter  of  1.5 
cm.  and  a  length  of  15  or  16  cm.;  if  the  vanadium  content  of  the 
sample  is  very  small  (<0.005  per  cent  of  V203),  it  is  preferable  to 
use  a  narrower  tube  to  increase  the  precision  of  the  color  compari¬ 
son.  Rinse  out  the  crucible  with  one  or  two  portions  of  water  of 
a  few  milliliters  each  so  that  the  total  volume  of  the  solution  will 
be  8  or  10  ml.  The  solution  should  be  colorless  and  free  from  any 
marked  turbidity;  if  the  liquid  is  appreciably  turbid,  filter  it  i 
through  a  sintered  glass  or  porcelain  filter  crucible,  not  through  I 
paper. 

To  a  second  identical  tube  add  0.10  gram  of  sodium  carbonate  I 
and  slightly  less  water,  by  a  few  milliliters,  than  there  is  solution 
in  the  first  tube.  Then  add  the  following  in  succession  to  both  I 
tubes,  mixing  after  each  addition:  1  ml.  of  4  A  sulfuric  acid  (free 
from  reducing  substances),  0.1  ml.  of  85  per  cent  phosphoric  acid, 
and  0.2  ml.  of  sodium  tungstate  solution.  Now,  add  standard 
vanadate  solution  from  a  buret  to  the  comparison  solution  until, 
after  mixing,  the  colors  of  the  two  solutions  match  when  the  tubes 
are  viewed  axially  against  a  white  background.  Near  the  end 
point,  water  should  be  added  to  the  solution  having  the  lesser 
volume  until  both  tubes  contain  approximately  the  same  volume 
of  liquid. 

Chromium  (with  Diphenylcarbazide).  Special  solutions  are 
prepared  as  follows : 

Diphenylcarbazide,  0.25  per  cent.  Dissolve  0.05  gram  of 
powdered  diphenylcarbazide  in  10  ml.  of  acetone  (reagent  quality 
and  dilute  with  10  ml.  of  water.  This  solution  becomes  yellow- 
brown  on  standing,  and  is  best  prepared  the  same  day  that  it 
is  used. 

Standard  chromium  solution.  Prepare  a  solution  of  potassium  i 
chromate  containing  the  equivalent  of  0.001  mg.  of  Cr203  per  I 
milliliter  by  diluting  a  stronger  solution  obtained  by  weighing  out 

pure  dry  potassium  chromate  (3ar  ‘ **> 

The  following  directions  apply  to  samples  containing  less 
than  0.05  per  cent  of  Cr203- 

Transfer  10  ml.  of  the  diluted  filtrate  and  washings  of  the  de¬ 
composed  rock  (corresponding  to  0.1  gram  of  sample)  to  a  small 
separatory  funnel  and,  without  using  an  indicator,  add  the  volume 
of  4  A  sulfuric  acid  required  to  neutralize  the  solution  to  methyl 
orange  as  determined  under  Vanadium  or  in  a  blank,  and  swirl 
for  a  minute  or  two  to  liberate  excess  carbon  dioxide.  Then  add 
0.1  ml.  of  2.5  per  cent  8-hydroxyquinoline  in  2  A  acetic  acid,  and 
extract  three  times  with  2-ml.  portions  of  chloroform  (without 
adding  any  additional  hydroxvquinohne  between  extractions), 
discarding  the  chloroform  extracts.  (If  it  is  known  that  the 
amount  of  vanadium  does  not  exceed  the  amount  of  chromium, 
omit  the  treatment  with  8-hydroxyquinoline.)  The  last  chloro¬ 
form  extract  should  be  colorless;  if  it  is  not,  extract  further.  To 
remove  chloroform  droplets  from  the  aqueous  solution,  filter  the 
latter  through  a  small  (5-cm.)  moist  filter  paper  previously  washed 
with  water,  and  receive  the  filtrate  in  a  25-ml.  volumetric  flask. 
Wash  the  separatory  funnel  and  the  filter  with  a  few  small  por¬ 
tions  of  cold  water,  taking  care  that  the  total  volume  of  filtrate 
and  washings  does  not  exceed  20  ml . 

Add  all  at  once  a  mixture  of  1  ml.  of  diphenylcarbazide  solu-  I 
tion,  1  ml.  of  6  A  sulfuric  acid,  and  2  or  3  ml.  of  water  to  the  fil-  I 
trate  and  washings  in  the  volumetric  flask,  mix,  make  up  the 
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volume  to  25  ml.  with  water,  and  compare  in  a  colorimeter  against 
a  standard  chromate  solution  similarly  treated.  For  samples 
containing  up  to  0.02  per  cent  of  Cr203  a  convenient  concentra¬ 
tion  of  standard  solution  is  0.01  mg.  of  Cr203  per  25  ml.  of  final 
volume  after  treatment  with  acidified  diphenylcarbazide.  The 
sample  and  standard  solutions  should  be  treated  with  diphenyl¬ 
carbazide  at  the  same  time,  and  the  comparison  made  without  un¬ 
due  delay,  since  the  red-violet  color  of  the  oxidized  reagent  fades 
slowly  on  standing.  The  color  development  is  very  rapid  and  the 
solutions  may  therefore  be  read  in  the  colorimeter  as  soon  as  they 
have  been  well  mixed.  It  is  not  necessary  to  add  sodium  car¬ 
bonate  to  the  standard  solution. 

SIf  the  amount  of  chromium  present  is  less  than  0.002  or  0.003 
per  cent  of  Cr203,  the  color  comparison  cannot  well  be  made  with 
a  colorimeter.  In  such  a  case  transfer  the  vanadium-free  solu- 

Ition  of  the  sample  which  has  been  treated  with  diphenylcarbazide 
to  a  color  comparison  tube  (see  under  Vanadium),  and  add  to  a 
similar  tube  1  ml.  each  of  diphenylcarbazide  solution  and  6  N  sul¬ 
furic  acid  diluted  with  water  to  give  approximately  the  same  vol¬ 
ume  as  that  of  the  unknown.  Then  make  the  color  comparison 
by  adding  from  a  buret  a  standard  chromate  solution  treated  with 
diphenylcarbazide  to  the  comparison  solution  until  the  liquids  in 
the  tubes  show  the  same  color  intensity  when  viewed  against  a 
white  background  from  above.  The  standard  solution  may  con¬ 
veniently  contain  0.01  mg.  of  Cr203  per  25  ml.  of  final  volume. 

I  Molybdenum.  Special  solutions  are  prepared  as  follows : 
Potassium  thiocyanate,  5  per  cent. 

Stannous  chloride.  Ten  grams  of  SnCl2-2H20  in  100  ml.  of  1 
to  9  hydrochloric  acid.  This  solution  should  be  freshly  pre¬ 
pared. 

Standard  molybdate  solution,  0.05  mg.  of  Mo03  per  ml.  Pre¬ 
pare  by  diluting  an  ammonium  molybdate  solution  10  or  20 
times  as  strong.  Obtain  the  exact  strength  of  the  stronger  solu¬ 
tion  by  standardization — for  example,  by  precipitating  as  lead 
molybdate. 

Ethyl  ether,  treated  with  thiocyanate  and  stannous  chloride. 
Shake  reagent  quality  ether  with  one-tenth  its  volume  of  equal 
amounts  of  potassium  thiocyanate  and  stannous  chloride  solu¬ 
tions  the  same  day  it  is  to  be  used. 

Transfer  50  ml.  of  the  diluted  filtrate  and  washings  from  the 
sodium  carbonate  melt  (corresponding  to  0.5  gram  of  sample)  to 
a  separatory  funnel  of  suitable  size,  add  slowly  with  agitation  8 
ml.  of  concentrated  hydrochloric  acid,  swirl  to  liberate  excess 
carbon  dioxide,  and  cool  the  solution  to  20°.  Add  3  ml.  of  potas¬ 
sium  thiocyanate  solution,  mix,  and  then  add  3  ml.  of  stannous 
chloride  solution;  after  mixing  allow  the  solution  to  stand  for  30 
to  45  seconds.  Add  6  or  7  ml.  of  reagent  quality  ethyl  ether  to 
the  separatory  funnel,  shake  vigorously  for  30  seconds,  allow  the 
liquids  to  separate,  draw  off  the  aqueous  layer  into  a  beaker,  and 
run  the  ether  into  a  color-comparison  tube  having  a  diameter  of 
approximately  10  mm.  (a  small  vial,  14  X  55  mm.,  can  be  used  for 

!the  purpose).  Return  the  aqueous  solution  to  the  separatory 
funnel,  extract  with  2  or  3  ml.  of  ether,  and  add  the  latter  to  the 
first  extract  in  the  comparison  tube. 

Usually,  for  the  amounts  of  molybdenum  likely  to  be  encoun¬ 
tered  in  rocks,  two  extractions  with  ether  will  suffice.  However, 
it  is  best  to  extract  a  third  time  and  examine  the  ether  layer  in  the 
funnel  for  a  trace  of  color  by  looking  through  the  great  thickness, 
and  to  add  this  extract  to  the  others  if  any  color  is  apparent  .  To 

Jmake  the  color  comparison,  add  the  standard  ethereal  solution  of 
molybdenum  thiocyanate  (prepared  as  described  below)  from  a 
microburet  to  a  second  identical  tube  containing  an  appropriate 
volume  of  ether,  treated  with  thiocyanate  and  stannous  chloride, 
until  the  colors  match  when  the  tubes  are  viewed  from  above 
against  a  white  background.  Run  a  blank  on  the  sodium  car¬ 
bonate  used  through  all  the  steps  of  the  procedure. 

To  prepare  the  standard  molybdenum  thiocyanate  solution, 

(transfer  5  ml.  of  ammonium  molybdate  solution,  containing  0.05 
mg.  of  M0O3  per  ml.,  and  50  ml.  of  5  per  cent  sodium  carbonate 
solution  to  a  separatory  funnel,  add  carefully  8  ml.  of  concen¬ 
trated  hydrochloric  acid,  swirl  to  liberate  excess  carbon  dioxide, 
and  cool  to  20°  C.  Then  add  3  ml.  each  of  potassium  thiocya- 

{nate  and  stannous  chloride  solution,  in  the  order  named,  mixing 
well  after  each  addition.  After  30  to  45  seconds  extract  with  10 
ml.  of  ether  and  run  the  latter  into  a  dry  25-ml.  volumetric  flask. 

(Extract  four  times  more  with  5-ml.  portions  of  ether  (the  last 
extract  should  be  nearly  colorless)  and  add  the  extracts  to  the 
flask.  Make  up  the  combined  extracts  to  25  ml.  with  ether  that 
has  been  shaken  with  thiocyanate  and  stannous  chloride.  There 
is  thus  obtained  a  solution  containing  the  equivalent  of  0.01  mg. 
of  Mo03  per  ml.  Take  great  care  to  prevent  changes  in  concen¬ 
tration  of  the  standard  solution  as  a  result  of  evaporation;  trans¬ 
fer  the  solution  rapidly  to  the  microburet  and  keep  the  latter  well 
covered.  Because  of  its  instability,  the  solution  cannot  be  kept 
longer  than  a  day. 
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A  Spindle  for  Insulating 
Wires 

JULIAN  M.  STURTEVANT 
Yale  University,  New  Haven,  Conn. 


IN  THE  construction  of  thermocouples  and  other  electrical 
apparatus  it  is  sometimes  desirable  to  wrap  a  small 
bundle  of  wires  with  cotton  or  silk  insulating  thread.  This 
is  a  rather  tedious  procedure  when  done  by  hand,  but  the 
simple  and  easily  constructed  spindle  illustrated  enables  one 
to  wrap  about  a  foot  of  wire  with  one  layer  of  thread  in  a 
minute. 

On  a  pulley,  A,  are  mounted  a  spool,  B,  and  a  guide,  C,  at 
about  the  same  distance  frhm  the  center.  The  spool  carries 
the  thread  to  be  used,  and  is  supported  by  a  machine  bolt  carry¬ 
ing  a  spring  so  that  the  tension  on  the  thread  may  be  adjusted. 
The  bundle  of  wires  to  be  wrapped  is  inserted  in  a  glass  guard, 
E,  within  the  stationary  hollow  axle,  D.  The  pulley  is  driven 

by  a  small  motor, 
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whose  speed  is  con¬ 
veniently  controlled 
by  a  foot-operated 
rheostat  of  the  type 
used  with  sewing 
machines.  If  a 
[J  C  large  amount  of 

winding  is  to  be 
done,  an  automatic 
feed  for  the  wire 
could  be  rigged  up.  Also,  more  than 
one  spool  and  guide  could  be 
mounted  on  the  pulley  if  more  than 
one  layer  of  insulation  was  desired. 

The  finished  bundle  may  be 
rendered  moisture-proof  by  being 
impregnated  with  shellac  or  paraf¬ 
fin,  or,  if  none  of  the  conductors  is 
enameled,  with  glyptal  varnish. 
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Handling  and  Weighing  Absorption  Tubes  in 
Microdeterminations  of  Carbon 
and  Hydrogen 

DOUGLASS  F.  HAYMAN,  Merck  &  Co.,  Inc.,  Rahway,  N.  J. 


THE  standard  method  of  handling  and  weighing  absorp¬ 
tion  tubes  in  microanalysis  is  that  of  Pregl  (14)-  This 
method  was  an  excellent  beginning.  However,  in  an  effort 
to  remove  possible  errors,  various  workers  have  developed 
improvements  of  definite  value,  mainly  along  two  lines:  to 
find  better  absorption  agents,  and  to  produce  a  tube  which 
could  be  closed  to  the  atmosphere. 

The  original  absorption  agents,  calcium  chloride  and  soda 
lime,  have  been  almost  entirely  replaced  now  by  magnesium 
perchlorate  (8,  10,  12)  and  ascarite.  The  anhydrous  granu¬ 
lar  magnesium  perchlorate  has  almost  double  the  moisture- 
absorbing  capacity  of  the  trihydrate  salt  and  is  the  prefer¬ 
able  form  to  use. 

In  an  attempt  to  make  it  possible  to  close  the  tube  to  the 
atmosphere,  tubes  have  been  made,  the  ends  of  wdiich  could 
be  closed  by  mercury  seals  (5,  10),  by  hollow  ground-glass 
stoppers  (2,  6,  7),  and  by  wires  (4,  13).  A  recent  develop¬ 
ment  has  a  special  absorption  tube,  designed  and  described 
by  Friedrich  (8),  in  which  a  single  stopcock  closes  both  the 
entrance  and  the  exit  to  the  tube. 

The  method  of  handling  absorption  tubes  used  in  this 
laboratory  has  been  developed  during  the  course  of  making 
several  thousand  carbon  and  hydrogen  determinations,  and 
although  there  may  be  few  separate  operations  which  are 
new,  the  method,  as  a  whole,  has  been  found  to  be  a  distinct 
improvement  over  the  regular  method  given  by  Pregl  ( 14 )■ 
The  principal  difficulties  encountered  in  this  laboratory  in 
handling  and  weighing  absorption  tubes  have  been  (1)  lack 
of  constancy  in  temperature,  (2)  long  conditioning  time  of 
Pregl  tubes  beside  the  balance,  (3)  the  certain  removal  of 
lint  and  dirt  from  glass  surfaces,  and  (4)  elimination  of  static 
charge  from  glass  surfaces. 

Constancy  of  Temperature 

Constant  temperature  proved  to  be  an  important  factor 
in  both  handling  and  weighing  of  absorption  tubes.  A  con¬ 
stant-temperature  room  was  to  be  desired  but,  if  sudden  fluc¬ 
tuations  were  avoided,  a  gradual  change  in  temperature  did 
not  seem  to  affect  the  weighings  noticeably.  The  balances 
in  this  laboratory  were  placed  in  a  separate  room  which  opened 
into  the  main  laboratory.  This  room  had  inside  walls  only, 
with  no  ventilation  except  through  the  doorway  which  was 
kept  open  to  the  main  laboratory.  The  temperature  in  this 
room  fluctuated  very  little  but  still  tended  to  be  near  that  of 
the  outside  room.  There  were  no  drafts.  A  constant  zero 
point  on  the  balances  was  obtained,  except  on  abnormal  days 
when  the  outside  temperature  variation  was  very  large. 

Conditioning  Time 

The  regular  tubes  as  designed  by  Pregl  ( 14 )  have  been 
chosen  as  the  most  practical  absorption  apparatus,  for  the 
tubes  are  of  such  simple  construction  that  they  are  easily 
prepared  for  weighing.  The  main  criticism  advanced  against 
the  Pregl  tubes  has  been  the  fact  that  they  are  open  to  the 
atmosphere  from  10  to  20  minutes  during  conditioning  beside 
the  balance.  In  this  laboratory  the  tubes  picked  up  weight 
during  this  period  of  time.  The  amount  of  increase  was  found 


to  be  determined  by  changes  in  the  temperature,  by  the  per¬ 
centage  of  moisture  in  the  air,  and  by  the  length  and  diameter 
of  the  constrictions  in  the  ends  of  the  tubes.  Lieb  and  Soltys 
(11)  have  demonstrated  the  importance  of  constrictions  of 
the  proper  size.  In  this  laboratory  absorption  tubes  with 
constrictions  0.15-0.20  mm.  in  diameter  and  4  mm.  long  have 
always  been  used. 

Both  tubes  were  wiped  and  placed  on  the  rack  beside  the 
balance,  the  water  tube  being  first,  and  were  then  weighed  in 
the  same  order.  The  time  interval  on  each  tube  between  com¬ 
pletion  of  its  wiping  and  its  final  weighing  was  about  4  min¬ 
utes.  The  water-absorption  tube  had  a  tendency  to  pick 
up  weight  over  an  indefinite  period  of  time,  especially  if  any 
static  charge  was  present.  With  constant  temperature  and 
relative  humidity  about  45  per  cent  the  increase  over  a  2- 
minute  period  at  the  time  of  weighing  was  between  the  limits 
0.000  and  0.005  mg.  The  ascarite  tube  was  exceptionally 
constant  if  there  was  no  static  charge  present;  the  increase  in 
weight  over  a  2-minute  period  at  the  time  of  weighing  was  be¬ 
tween  the  limits  0.000  to  0.003  mg.  With  constant  tempera¬ 
ture  and  humidity  above  45  per  cent  and  no  static  charge  on 
the  tube  the  weight  was  constant  for  as  long  as  5  minutes. 
It  has  been  found  that  consecutive  weighings  taken  at  the 
exact  time  interval  during  each  routine  analysis  have  given 
analytical  results  which  check  well  within  the  limits  of  ac¬ 
curacy  as  shown  by  Table  I.  About  10  minutes’  time  for 
each  analysis  has  been  saved,  which  has  been  found  to  be  an 
important  item  in  routine  analysis. 

Cleaning  and  Wiping 

The  method  of  cleaning  and  wiping  the  tubes  has  been 
modified  to  make  the  above  weighing  system  possible.  The 
absorption  unit  was  removed  from  the  combustion  train  and 
50  cc.  of  air  were  pulled  through  it  to  remove  the  oxygen,  as 
described  by  Niederl  and  Roth  (12).  After  washing  the 
hands  in  cold  water,  the  separate  absorption  tubes  were 
wiped  from  end  to  end  with  a  freshly  washed  flannel  from 
which  a  few  drops  of  water  could  still  be  squeezed.  The  tube 
was  immediately  wiped  by  the  first  set  of  soft  chamois  skins 
with  a  very  few  soft  strokes,  until  the  chamois  glided  smoothly 
over  the  surface.  All  strokes  had  to  be  partly  rotatory  and 
from  the  center  toward  the  ends  only,  never  in  the  reverse  di¬ 
rection.  The  open  ends  of  the  tube  were  then  cleaned  with 
a  tuft  of  cotton  on  a  wire,  and  this  treatment  was  followed  by  a 
second  wiping  with  a  second  set  of  chamois,  when  even  more 
gentle  treatment  had  to  be  given  in  order  to  prevent  the  for¬ 
mation  of  static  charges. 

Following  this  wiping  it  was  found  that  any  foreign  mate¬ 
rials  remaining  on  the  glass  surface  could  be  easily  seen  by 
viewing  the  tube  against  a  narrow  beam  of  light  from  a  dark 
background.  For  this  purpose  a  simple  apparatus  was  con¬ 
structed  as  follows :  A  60- watt  incandescent  bulb  as  a  source 
of  light  was  placed  in  a  tin  box  12.5  X  15  X  12.5  cm.  (5  by 
6  by  5  inches).  The  front  of  the  box  contained  an  opening 
on  which  a  ground-glass  panel  was  mounted.  The  glass 
panel  was  entirely  covered  by  a  dull  black  opaque  paper, 
except  for  a  slit  2  mm.  wide  by  12  cm.  long  and  a  second  open¬ 
ing  about  2.5  cm.  (1  inch)  knver,  which  was  masked  from  view 
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by  an  upturned  hood  of  black  paper  so  that  light  was  thrown 
up  on  the  tube  while  the  source  was  hidden  from  the  eye. 
This  box  was  fastened  on  the  wall,  with  the  light  opening  in 
a  horizontal  direction. 

In  the  final  wiping,  the  tube  was  held  up  within  a  few 
centimeters  of  the  slit,  so  that  the  operator  could  not  see 
the  light  directly.  Any  lint,  fiber,  or  dirt  which  might  still 
be  clinging  to  the  tube  appeared  in  sharp  relief  against  the 

!  black  background,  as  the  light  from  the  opening  passed  over 
the  top  surface  of  the  tube.  Every  piece  of  foreign  material 

I  of  any  weighable  size  was  easily  seen  and  removed,  so  that 
this  source  of  error  was  definitely  removed.  Rewiping  and  re¬ 
weighing  of  tubes  were  found  to  be  superfluous  after  this  treat¬ 
ment.  As  an  added  precaution,  the  tube  was  stroked  with 
a  camel’s-hair  brush  before  being  placed  in  the  balance,  special 
care  being  given  to  the  tip  end  which  was  last  touched  with 
chamois. 

Elimination  of  Static  Charge 

In  this  laboratory  the  author  has  had  a  great  deal  of 
trouble  with  static  charge  on  the  surface  of  the  tubes,  which 
t  has  been  found  to  grow  progressively  worse  as  the  relative 
humidity  decreased.  Hernler  {!))  reported  better  results  at 
>  high  relative  humidity  than  low,  but  did  not  mention  static 
charge.  In  this  laboratory,  above  a  relative  humidity  of  45 
per  cent  little  static  was  noticed,  but  below  40  per  cent  the 
static  charge  became  severe.  The  charge  was  frequently  so 
great  that  even  with  care  in  wiping  and  discharging,  the  pan 
of  a  Kuhlmann  balance  was  rotated  on  its  axis  by  the  approach 
of  the  absorption  tube  to  be  weighed.  The  weighing  in  this 
case,  needless  to  say,  was  so  disturbed  that  the  first  reading 
was  often  in  error  by  as  much  as  1  mg.,  the  observed  weight 
being  less  than  the  true  weight  in  general.  At  the  end  of  a 
15-minute  wait  this  static  charge  was  usually  dissipated  and 
a  fairly  accurate  weighing  obtained,  but  since  the  weighing 
was  desired  at  the  completion  of  wiping,  it  was  necessary  to 
prevent  static  charges. 

A  charged  tube  was  detected  in  two  ways.  If  a  tube  sur¬ 
face  was  charged  the  lint  or  fibers  would  stand  perpendicular 
to  the  surface  of  the  tube.  This  phenomenon  was  especially 
noticeable  with  the  above-mentioned  apparatus  for  viewing 
the  absorption  tubes.  The  second  test  for  static  charge  con¬ 
sisted  in  bringing  the  tube  up  to  a  pith  ball  suspended  on  a 
silk  string  about  15  cm.  (6  inches)  long.  If  there  was  a  heavy 
charge  on  the  tube,  the  pith  ball  would  swing  through  an  arc 
of  5  or  6  cm.  (2  or  3  inches)  to  contact  the  absorption  tube, 
although  occasionally  the  charge  would  be  repulsive.  This 
charge  was  especially  noticeable  on  the  surface  of  glass  which 
covered  the  dry  magnesium  perchlorate,  but  was  also  heavy 
at  the  tips  of  the  tube. 

The  first  method  of  eliminating  static  charges  studied,  in- 

[volved  their  removal  from  the  surface  of  the  tube.  The  bal¬ 
ance,  as  well  as  the  rack  on  which  the  tubes  rest  before  weigh¬ 
ing,  was  grounded.  Uranium  acetate  and  various  radio¬ 
active  ores  were  placed  in  the  balance  case,  but  none  gave  any 
material  dissipation  of  the  charge  on  the  tubes.  The  static 
could  be  discharged  by  touching  the  tube  in  several  positions 
with  the  fingers,  if  the  charge  was  only  slight,  but  a  heavy 
charge  could  never  be  removed  in  this  manner. 

Another  procedure  to  ensure  a  tube  free  from  charge  was 
;  to  prevent  its  being  built  up  on  the  glass  surface.  This  was 
!  accomplished  by  wiping  as  previously  outlined,  with  the  added 
precaution  of  using  chamois  that  had  been  kept  in  a  covered 
dish  on  a  rack  above  a  shallow  layer  of  water.  In  extremely 
bad  cases  of  static  charge  the  chamois  were  moistened  in  a 
blast  of  steam  before  using,  so  that  they  felt  slightly  moist. 
A  careful  wiping  with  these  chamois  gave  a  clean  tube  that 
was  free  of  static. 


A  daily  record  of  the  relative  humidity  and  degree  of  static 
trouble  showed  vividly  that  the  lack  of  moisture  in  the  air 
was  primarily  responsible  for  this  static  trouble.  With  cold 
clear  winter  weather  the  relative  humidity  was  often  below 
40  per  cent  which  was  the  lowest  relative  humidity  at  which 
static  charges  were  absent.  A  successful  method  of  static 
elimination  was  found  to  consist  simply  in  keeping  the  atmos¬ 
phere  in  the  room  at  or  above  45  per  cent  relative  humidity, 
by  allowing  a  flow  of  steam  from  a  steam  bath  to  raise  the 
moisture  content  of  the  room  to  a  relative  humidity  of  45 
per  cent  or  above.  A  steam  valve  permitted  ample  adjust¬ 
ment  to  keep  the  humidity  quite  constant. 

Table  I.  Results  of  54  Analyses  Taken  from  Three 


Average  Deviation 
from  Theory 

Papers  (I,  3,  15) 

Average  Deviation 
in  Checks 

Tendency 

c 

H 

c 

H 

c 

H 

0.125 

0.123 

0  099 

0  144« 

+  0.06 

-0.01 

a  Would  have  been  0.126  if  one  widely  divergent  check  had  been  omitted 
where  the  results  were  on  both  sides  of  theory. 

The  analyses  of  Table  I  were  made  over  a  period  compris¬ 
ing  every  season  of  the  year.  From  these  and  other  data  com¬ 
piled  in  this  laboratory  it  has  been  found  that  there  is  no  ap¬ 
preciable  seasonal  variation  except  when  the  static  is  not 
properly  taken  care  of  in  the  winter,  when  results  tend  to 
be  high.  That  the  high  humidity  found  in  the  summer 
months  has  not  affected  the  weighings  in  any  manner,  speaks 
well  for  the  elimination  of  the  rest  of  the  absorption  tubes 
beside  the  balance  for  the  standard  15  minutes. 

Summary 

A  method  of  handling  and  weighing  absorption  tubes  has 
been  developed  which  includes  the  following  features:  (1) 
location  of  the  balance  in  a  room  kept  at  a  fairly  constant 
temperature  and  where  sudden  changes  in  temperature  were 
never  observed ;  (2)  use  of  Pregl  absorption  tubes,  since  they 
are  the  simplest  tubes  to  clean;  (3)  weighing  tubes  immedi¬ 
ately  after  wiping  to  eliminate  the  necessity  of  closing  the 
ends  of  the  tubes;  (4)  saving  about  10  minutes  on  each 
analysis;  (5)  use  of  a  special  background  for  viewing  absorp¬ 
tion  tubes  during  cleaning;  and  (6)  elimination  of  static 
charge  on  the  glass  surface,  by  proper  wiping  and,  still  more 
important,  by  maintaining  the  relative  humidity  of  the  labora¬ 
tory  at  or  above  45  per  cent. 
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THE  presence  of  excessive  free  or  elementary  sulfur  in 
gasoline  or  naphtha  has  been  avoided  for  many  years. 
The  corrosion  of  the  metal  parts  of  automobiles  (2,  10), 
particularly  copper  and  its  alloys,  has  been  attributed  to  the 
effect  of  this  component.  A  recent  study  (3)  of  color  stability 
of  gasoline  has  shown  the  influence  of  elementary  sulfur  upon 
this  property.  Sulfur  may  be  present,  normally,  through 
oxidation  of  hydrogen  sulfide  to  sulfur,  or  addition  of  sulfur 
in  the  doctor,  or  sodium-plumbite,  sweetening  process.  Since 
hydrogen  sulfide  is  usually  removed  from  gasolines  before 
much  oxidation  has  occurred,  the  latter  source  accounts  for 
the  greater  proportion.  In  the  sweetening  process,  the  ele¬ 
mentary  sulfur  is  added  during  the  treatment  of  the  gasoline 
with  doctor  solution  to  convert  the  malodorous  mercaptans 
to  disulfides.  In  order  to  assure  rapid  settling  of  the  lead 
sulfide  formed  in  the  reaction,  an  excess  of  sulfur  must  be  used. 

A  careful  control  of  the  sulfur  addition  must  be  exercised 
to  avoid  a  corrosive  gasoline.  The  criterion  in  specifications 
of  a  corrosive  gasoline  is  based  upon  the  results  of  a  copper- 
strip  test,  A.  S.  T.  M.  Designation  D130-27T.  This  test  usually 
requires  3  hours  for  completion  and  the  result  is  only  qualita¬ 
tive.  In  most  gasolines  the  amount  of  excess  elementary 
sulfur  that  is  required  to  give  a  corrosive  copper-strip  test 
is  between  0.003  and  0.004  per  cent  by  weight. 

There  have  been  many  methods  (4-0,  11-13)  recommended 
for  the  quantitative  determination  of  elementary  sulfur  in 
gasoline.  Most  of  these  are  long  or  too  involved  to  be  satis¬ 
factorily  used  in  a  refinery  doctor  treating  plant.  Time  is 
the  essence  of  most  refinery  operations  and  a  rapid  determina¬ 
tion  is  extremely  advantageous.  Mercury  is  often  used  as  a 
quick  method  for  the  detection  or  estimation  of  elementary 
sulfur.  It  is  sensitive  to  extremely  small  quantities  which 
are  much  lower  than  the  amounts  required  for  a  corrosive 
copper  strip.  A  quantitative  determination  of  the  precipi¬ 
tated  mercury  sulfide  involves  a  long  and  tedious  analytical 
procedure.  In  addition,  mercury  reacts  with  organic  peroxides 
in  cracked  gasolines  with  the  formation  of  a  black  precipitate 
similar  in  appearance  to  mercury  sulfide. 

The  method  proposed  in  this  paper  allows  a  rapid  quantita¬ 
tive  determination  of  elementary  sulfur  which  involves  a 
simple  laboratory  technic  readily  usable  by  the  small  refiner. 
It  is  particularly  applicable  to  a  ready  control  of  the  doctor 
sweetening  process  and  it  may  in  time  serve  as  a  substitute 
for  the  copper-strip  test  in  gasoline  specifications. 

In  the  determination  a  known  quantity  of  a  mercaptan 
is  added  to  the  gasoline.  The  mixture  is  agitated  with  doctor 
solution  until  complete  reaction  of  the  sulfur  and  the  added 
mercaptan  has  occurred.  Since  the  excess  mercaptan  is  now 
present  as  lead  mercaptide,  it  is  restored  to  the  original 
mercaptan  by  dilute  sulfuric  acid.  Following  a  wash  with 
acidified  cadmium  chloride  solution  to  remove  the  liberated 
hydrogen  sulfide,  the  gasoline  is  titrated  with  silver  nitrate 
solution  ( 1 )  to  determine  the  excess  mercaptan.  The  used 
mercaptan,  obtained  by  difference,  permits  a  calculation  of 
the  free  sulfur  content  of  the  original  gasoline.  The  method 
is  not  applicable  to  oils  heavier  than  kerosene  because  of  the 
difficulties  involved  in  the  determination  of  their  mercaptan 
sulfur  contents. 


Reagents 

The  only  special  reagent  required  for  the  determination  is 
a  standard  butyl  mercaptan  solution  in  a  cleaners’  naphtha. 
The  preferred  butyl  mercaptan  is  of  the  chemically  pure 
Merck  grade,  boiling  point  98°  C.  and  free  of  elementary 
sulfur.  The  cleaners’  naphtha  must  not  contain  any  mercap¬ 
tans  or  elementary  sulfur.  The  former  may  be  removed  by 
precipitation  by  agitation  with  a  silver  nitrate  solution.  By 
agitation  of  the  naphtha  with  mercury,  the  elementary  sulfur 
may  be  precipitated  as  mercury  sulfide  which  may  be  readily 
removed  by  filtration.  The  standard  (0.5  M)  solution  of 
the  mercaptan  is  prepared  by  the  addition  of  45.07  grams  of 
butyl  mercaptan  in  sufficient  of  the  cleaners’  naphtha  to  ob¬ 
tain  1  liter  of  the  solution.  The  solution  should  be  retained 
in  a  tightly  stoppered  dark  bottle  to  avoid  deterioration.  The 
remaining  reagents  are  common  to  the  usual  petroleum  labora¬ 
tory  and  consist  of  a  30°  Be.  sodium  plumbite  solution, 
sulfuric  acid  (20  per  cent  concentration),  and  cadmium 
chloride  solution  (10  per  cent,  containing  1  cc.  per  100  cc. 
solution  of  concentrated  hydrochloric  acid).  The  reagents 
used  in  the  mercaptan  titration  ( 1 )  are  0.05  N  silver  nitrate, 
0.05  N  ammonium  thiocyanate,  and  ferric  alum  indicator. 

Procedure 

Add  by  means  of  a  buret  exactly  3  cc.  of  the  standard  butyl 
mercaptan  solution  to  147  cc.  of  the  gasoline  to  be  tested.  Agitate 
thoroughly  in  a  small  separatory  funnel  for  5  minutes  with  20  cc. 
of  the  sodium  plumbite  solution.  Allow  to  settle  and  drain  the 
plumbite.  Wash  the  oil  by  agitation  with  50  per  cent  by  volume 
of  20  per  cent  sulfuric  acid  until  all  the  black  lead  sulfide  is  dis¬ 
solved  and  the  oil  is  restored  approximately  to  its  original  color. 
Settle  and  withdraw  the  acid.  Wash  the  oil  by  agitation  with 
50  cc.  of  a  10  per  cent  solution  of  acidified  cadmium  chloride  to 
remove  the  hydrogen  sulfide.  Remove  the  cadmium  chloride 
solution  by  drainage.  Determine  the  mercaptan  sulfur  content 
on  100  cc.  of  the  residual  oil  ( 1 )  by  agitating  the  gasoline  with 
an  excess  of  silver  nitrate  solution  and  back-titrating  with  am¬ 
monium  thiocyanate  using  ferric  alum  as  an  indicator.  Express 


Table  I.  Midcontinent  Straight-Run  Gasoline 

eight  of  Elementary  Sulfur  Elementary  Sulfur 

Present 

Found 

Present 

Found 

Error 

Gram 

Gram 

% 

% 

% 

0.015 

0.0164 

0.02 

0.0218 

+0.0018 

0.01125 

0.01042 

0.015 

0.0139 

-0.0011 

0.0075 

0.00733 

0.01 

0.0098 

-0.0002 

0.00562 

0.00559 

0.0075 

0 . 00745 

-0.00005 

0.0045 

0.00458 

0.006 

0.0061 

+0.0001 

0.00375 

0.00374 

0.005 

0.00499 

-0.00001 

0.0030 

0.0028 

0.004 

0.00373 

-0.00027 

0.001875 

0.00198 

0.0025 

0 . 00264 

+0.00012 

0.001125 

0.00129 

0.0015 

0.00172 

+  0.00022 

T.4:ble  II.  Midcontinent  Cracked  Gasoline 


Weight  of  Elementary  Sulfur  Elementary  Sulfur 


Present 

Found 

Present 

Found 

Error 

Gram 

Gram 

% 

% 

% 

0.015 

0.0168 

0.02 

0 . 0224 

+0.0024 

0.01125 

0.01158 

0.015 

0.0154 

+0.0004 

0.0075 

0.0073 

0.01 

0.0097 

-0.0003 

0 . 00562 

0.00561 

0 . 0075 

0.00748 

-0.00002 

0.0045 

0 . 0044 

0.006 

0.00586 

-0.00014 

0.00375 

0.00399 

0.005 

0  00532 

+0.00032 

0.0030 

0.00299 

0.004 

0.00399 

-0.00001 

0.001875 

0.00198 

0 . 0025 

0  00264 

+  0.00014 

0.001125 

0.00132 

0.0015 

0.00176 

+  0.00026 

344 


SEPTEMBER  15,  1936 


ANALYTICAL  EDITION 


345 


Table  III.  Midcontinent  Straight-Run  Gasoline 


Per  Cent  by  Weight  of 
Elementary  Sulfur 


Corrosion  Test 


0.025 

0.0125 

0.00625 

0.004 

0.003125 

0.0015625 

0.00078125 


Positive 

Positive 

Positive 

Questionable 

Negative 

Negative 

Negative 


Table  IV.  Midcontinent  Cracked  Gasoline 


Per  Cent  by  Weight  of 
Elementary  Sulfur 


Corrosion  Test 


0.025 

0.0125 

0.00625 

0.004 

0.003125 

0.0015625 

0.00078125 


Positive 

Positive 

Positive 

Questionable 

Negative 

Negative 

Negative 


the  mercaptan  sulfur  content  of  the  residual  oil  in  grams  of  sulfur 
per  100  cc.  of  gasoline,  which  is  equal  to  cubic  centimeters  of 
silver  nitrate  solution  multiplied  by  its  normality  and  the  con¬ 
version  factor  of  0.032. 


By  using  100  cc.  for  the  titration  and  calculating  the 
mercaptan  content  in  terms  of  grams  of  sulfur,  the  following 
calculations  are  simplified.  The  elementary  sulfur  content  of 
100  cc.  of  the  gasoline  is  calculated  by  means  of  the  follow¬ 
ing  formula: 


X  = 


1  /2  mol.  wt.  of  sulfur  X  grams  of  butyl  mercaptan  used 


mol.  wt.  of  butyl  mercaptan 
where  X  =  grams  of  sulfur  in  100  cc.  of  the  sample,  and  grams 
of  butyl  mercaptan  used  =  grams  of  butyl  mer¬ 
captan  added  —  grams  of  mercaptan  sulfur  in  100 
,  .  ,  ,  mol.  wt.  of  butyl  mercaptan 

cc.  of  residual  oil  X  - ; - 1 — ? — r? - 

mol.  wt.  of  sulfur 


Experimental 

In  the  experimental  study  of  this  procedure  several  syn¬ 
thetic  mixtures  of  known  elementary  sulfur  contents  were 
prepared.  Concentrated  stock  solutions  of  elementary  sulfur 
in  midcontinent  straight-run  and  cracked  gasolines  were 
made.  Elementary  sulfur  and  mercaptans  were  removed  from 
each  of  these  solvents  by  mercury  and  silver  nitrate,  respec¬ 
tively,  before  use.  The  stock  solutions  were  used  in  the  prepa¬ 
ration  of  a  sample  of  any  desired  percentage  of  elementary 
sulfur  by  suitable  dilution  with  the  proper  solvent.  Deter¬ 
minations  were  made  on  each  of  these  prepared  samples,  and 
the  results  are  shown  in  Tables  I  and  II. 

The  results  indicate  that  the  proposed  method  gives  an 
accurate  quantitative  determination  of  elementary  sulfur  in 
cracked  and  straight-run  gasolines.  The  method  is  suitable 
as  a  control  of  the  addition  of  elementary  sulfur  during  the 
sweetening  process,  since  the  accuracy  in  the  concentration 
range  of  a  corrosive  copper  strip  is  satisfactory. 


Use  of  Sulfuric  Acid  to  Convert  Lead  Mercaptide. 
The  concentrated  butyl  mercaptan  solution  was  diluted  with 
sufficient  sulfur-free  gasoline  to  prepare  solutions  containing 
several  percentages  of  mercaptan.  Each  of  these  samples  was 
shaken  with  plumbite  until  all  the  mercaptan  was  converted 
to  lead  mercaptide.  The  plumbite  solution  was  separated  by 
drainage  and  the  gasoline  was  washed  with  20  per  cent  sulfuric 
acid  until  all  the  yellow  color  had  disappeared,  indicating  that 
no  lead  mercaptide  remained.  A  mercaptan  titration  was 
made  on  the  residual  oil  to  determine  the  loss  of  butyl  mer¬ 
captan,  if  any.  A  comparison  of  the  mercaptan  content  found 
after  this  treatment  with  that  present  in  the  original  solution 
is  shown  in  Table  V. 

Based  upon  this  comparison,  no  butyl  mercaptan  is  lost 
by  this  treatment  with  plumbite  and  sulfuric  acid  solutions. 
The  mercaptan  sulfur  contents  of  the  gasolines  after  treatment 
check  the  actual  values  of  the  original  solutions  well  within 
the  accuracy  of  the  titration. 

Effect  of  Hydrogen  Sulfide.  In  the  presence  of  ele¬ 
mentary  sulfur,  lead  mercaptides  are  converted  into  disulfides 
with  the  formation  of  lead  sulfide.  The  addition  of  dilute 
sulfuric  acid  results  in  the  formation  of  hydrogen  sulfide. 
The  removal  of  this  gas  is  necessary  to  permit  a  satisfactory 
mercaptan  titration  for  the  determination  of  the  unused 
butyl  mercaptan.  Several  gasolines  of  known  mercaptan 
contents  determined  by  titration  were  agitated  with  plumbite 
solution.  The  plumbite  was  properly  drained  and  a  small 
amount  of  powdered  lead  sulfide  added  to  each  gasoline. 
These  mixtures  were  shaken  with  a  20  per  cent  sulfuric  acid 
solution  until  the  lead  sulfide  was  converted  to  lead  sulfate. 
The  acid  was  drained  and  each  sample  of  oil  was  washed  with 
a  cadmium  chloride  solution  to  remove  the  hydrogen  sulfide. 
A  mercaptan  titration  was  conducted  on  each  of  the  residual 
oils  and  compared  to  a  similar  determination  on  each  original 
gasoline  as  shown  in  Table  VI.  The  results  show  that  the 
hydrogen  sulfide  may  be  removed  with  the  acidified  cadmium 
chloride  solution  without  any  effect  on  the  mercaptan  content 
of  the  gasoline. 


Table  V.  Mercaptan  Sulfur 


Mercaptan  Sulfur  Added 
% 

0  246 

0.129 

0  060 

0.031 

0.0163 

0.0082 


Mercaptan  Sulfur  Found 
% 

0.240 

0.127 

0.059 

0.030 

0.0161 

0.0081 


Table  VI.  Mercaptan  Sulfur 


Mercaptan  Sulfur  in  Original  Gasoline 
% 

0.072 
0 . 0528 
0  018 
0.015 
0  005 


Mercaptan  Sulfur  in  Residual  Oil 
% 

0.070 
0.0523 
0  0178 
0.0147 
0.0047 


Investigation  of  the  Determination 

Elementary  Sulfur  Requirement  for  a  Corrosive 
Copper-Strip  Test.  The  stock  solutions  of  elementary 
sulfur  in  cracked  and  straight-run  gasolines  were  properly 
diluted  to  extend  over  the  desired  range  of  sulfur  contents. 
Copper-strip  corrosion  tests,  A.  S.  T.  M.  Designation 
D130-27T,  were  made  on  each  prepared  sample.  The  results 
of  these  tests  are  shown  in  Tables  III  and  IV. 

In  each  of  these  two  gasolines,  an  elementary  sulfur  content 
of  approximately  0.004  per  cent  by  weight  was  required  to 
obtain  a  corrosive  copper-strip  test.  From  the  authors’ 
experience,  the  amount  may  show  a  slight  variation  with 
different  gasolines,  although  this  is  probably  partially  a 
function  of  the  accuracy  of  the  test  method. 


Table  VII.  Mercaptan  Sulfur 

Mercaptan  Sulfur  in  Original  Gasoline  Mercaptan  Sulfur  in  Residual  Oil 
%  % 

0.083  0.081 

0.060  0.058 

0.021  0.020 

0.01  0.009 

0.005  0.004 


Influence  of  the  Presence  of  Disulfides.  Since  butyl 
disulfide  is  formed  in  the  elementary  sulfur  determination, 
the  effect  of  its  presence  on  the  mercaptan  titration  was  de¬ 
termined.  Normal  butyl  disulfide  (0.10  per  cent  by  weight) 
was  added  to  several  unsweetened  gasolines  of  known  mer¬ 
captan  contents.  These  gasolines  were  agitated  with  plum- 
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bite  and  settled,  and  the  plumbite  was  drained.  They  were 
then  agitated  with  dilute  sulfuric  acid,  and  the  oil  was  sepa¬ 
rated  and  titrated  for  mercaptan  content  with  silver  nitrate. 
Table  VII  shows  a  comparison  of  the  mercaptan  contents  of 
the  original  gasolines,  free  of  disulfides  and  elementary  sulfur, 
with  those  obtained  on  the  treated  oils.  These  mercaptan 
contents  check  each  other  satisfactorily.  The  presence  of 
disulfides  has  no  effect  on  the  determination. 

Other  Applications.  This  method  may  be  used  to  de¬ 
termine  quantitatively  the  theoretical  amount  of  sulfur  re¬ 
quired  to  sweeten  a  gasoline.  The  same  procedure  is  followed 
with  the  exception  of  using  the  sour  gasoline  and  without 
the  addition  of  a  known  quantity  of  butyl  mercaptan.  The 
unsweetened  gasoline  is  agitated  with  plumbite,  settled,  and 
the  plumbite  drained.  The  gasoline  is  treated  with  dilute 
sulfuric  acid,  separated,  and  washed  with  cadmium  chloride 
solution.  The  residual  oil  is  titrated  with  silver  nitrate  for 
mercaptan  sulfur  content.  The  remaining  mercaptans  are  a 
measure  of  the  additional  sulfur  required  which  is  calculated 
by  the  following  equations: 


%  of  mercaptan  sulfur 
%  of  sulfur  required 


cc.  of  silver  nitrate  X  normality  X  0.032 
wt.  of  sample 

%  of  mercaptan  sulfur  in  residual  oil 
~2 


The  actual  amount  of  sulfur  required  will  be  greater  than 
the  determined  theoretical  value  by  an  amount  necessary  to 
give  a  sharp  break  of  the  lead  sulfide  from  the  gasoline.  This 
amount  should  not  be  allowed  to  exceed  the  quantity  which 
will  cause  a  corrosive  copper-strip  test.  A  knowledge  of  the 


theoretical  requirement  will  aid  in  preventing  the  refiner  from 
using  excessive  sulfur. 

Conclusions 

The  proposed  method  is  a  rapid,  accurate  quantitative 
determination  of  the  elementary  sulfur  content  of  gasoline. 
The  method  facilitates  the  testing  and  control  of  gasolines  or 
copper-strip  corrosion  during  refinery  sweetening  operations 
by  minimizing  the  time  required  for  the  determination.  The 
test  can  be  readily  completed  in  0.5  to  0.75  hour. 

The  proposed  method  may  be  used  to  determine  the  theo¬ 
retical  quantity  of  elementary  sulfur  required  in  the  sweet¬ 
ening  of  a  gasoline.  By  this  means  the  addition  of  excessive 
sulfur  over  the  amount  necessary  for  a  satisfactory  break 
may  be  avoided. 
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A  System  for  the  Qualitative  Analysis  of  the 
Alkaline  Earth  and  Alkali  Groups 

CHARLES  II.  GREENE,  Harvard  University  and  Radcliffe  College,  Cambridge,  Mass. 


ALTHOUGH  the  procedures  recommended  by  Noyes  (8) 
and  Bray  (2)  for  detecting  the  alkaline  earth  and  alkali 
metals  for  the  most  part  give  accurate  results  with  careful 
handling,  it  is  found  in  practice  that  some  of  the  filtrations 
are  time-consuming.  It  is  the  purpose  of  this  paper  to  de¬ 
scribe  a  system  which  is  more  convenient  and  rapid  and  which 
also  gives  accurate  results.  All  the  separations  in  the  two 
groups  have  been  tested  carefully  and  where  it  has  not  been 
found  possible  to  make  improvements,  as  in  the  separation 
and  detection  of  barium  and  strontium,  the  methods  employed 
by  Noyes  and  Bray  have  been  adopted. 

The  new  system  has  been  used  with  success  for  two  years 
by  a  class  in  qualitative  analysis  in  Harvard  College.  The 
number  of  errors  made  by  students  in  identifying  the  ions 
of  these  groups  has  been  decidedly  smaller  than  it  was  pre¬ 
viously  with  other  systems.  With  the  new  procedures  the 
precipitates  which  must  be  filtered  in  order  to  separate  ions  or 
groups  of  ions  are  of  such  a  nature  as  to  promote  rapid  filtra¬ 
tion  and  to  give  clear  filtrates.  Prompt  and  decisive  results 
are  obtained  in  the  final  tests  even  when  only  traces  of  the 
ions  are  present. 

In  this  system  advantage  is  taken  of  the  fact  that  neither 
the  very  delicate  p-hydroxybenzene-azoresorcinol  test  for 
magnesium  described  by  Suitsu  and  Okuma  (7)  nor  the  mag¬ 
nesium  uranyl  acetate  test  for  sodium  described  by  Blanche- 
tiere  (I)  is  interfered  with  by  traces  of  the  alkaline  earth 
metals.  The  convenient  process  recommended  by  Rawson  (5) 
for  the  quantitative  separation  of  barium  and  strontium  from 
calcium  is  employed. 


The  detection  of  small  quantities  of  calcium  in  the  presence 
of  much  magnesium  proved  to  be  a  difficult  problem,  par¬ 
ticularly  when  strontium  was  also  present.  It  was  finally 
solved  by  evaporating  the  solution  of  calcium  and  magnesium 
nitrates  in  nitric  acid  to  dryness  and  igniting  the  residue. 
The  magnesium  was  thus  rendered  sufficiently  insoluble  so 
that  when  the  calcium  was  extracted  with  water  a  delicate 
test  for  it  could  be  made  with  potassium  oxalate.  With  much 
magnesium  in  the  solution  the  oxalate  test  for  calcium  is  both 
insensitive  and  unreliable. 

Materials  and  Reagents 

In  general,  solutions  and  reagents  were  prepared  from  re¬ 
agent-grade  chemicals.  It  was  necessary,  however,  to  purify 
calcium  nitrate  and  magnesium  nitrate  by  repeated  recrystal¬ 
lization. 

Magnesium  uranyl  acetate  reagent  was  made  up  according 
to  the  directions  of  Noyes  and  Bray  (4).  The  magnesium 
reagent  was  prepared  according  to  the  directions  of  Ruigh 
(6).  Other  reagents  were  prepared  according  to  Noyes’ 
directions  (3). 

Procedure 

Prepare  a  solution  free  from  members  of  the  other  groups  and 
containing  approximately  45  milhequivalents  of  ammonium  salts 
and  not  more  than  500  mg.  of  the  elements  of  the  two  groups  in 
25  ml.  Heat  to  boiling,  add  10  ml.  of  ammonium  carbonate 
reagent,  and  keep  at  the  boiling  point  for  3  minutes.  A  white 
precipitate  indicates  the  presence  of  calcium,  strontium,  barium, 
or  more  than  50  mg.  of  magnesium.  Filter  off  the  precipitate, 
wash  with  hot  water,  and  test  for  these  elements. 
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Next  evaporate  the  filtrate  to  dryness  and  ignite  to  expel 
ammonium  salts.  Extract  the  residue  with  5  ml.  of  concentrated 
hydrochloric  acid,  warming  gently  and  rubbing  with  a  glass  rod. 
After  cooling  completely,  decant  the  acid  and  evaporate  to  dry¬ 
ness.  Dissolve  any  residue,  indicating  the  presence  of  sodium, 
potassium,  or  magnesium,  in  3  ml.  of  water.  To  1  ml.  of  the 
solution,  which  is  filtered  if  it  is  not  perfectly  clear,  add  a  small 
drop  (0.02  ml.)  of  p-nitrobenzene-azoresorcinol  reagent  followed 
by  a  drop  of  sodium  hydroxide.  A  sky-blue  precipitate  indicates 
the  presence  of  magnesium.  To  a  second  milliliter  add  1  ml.  of 
sodium  cobaltinitrite  reagent.  A  yellow  precipitate  indicates 
the  presence  of  potassium.  Dilute  the  remaining  milliliter  of 
solution  with  19  ml.  of  water,  and  test  1  ml.  of  this  dilute  solution 
for  sodium  by  adding  0.5  ml.  of  alcohol  and  1  ml.  of  magnesium 
uranyl  acetate  reagent.  A  fine  granular  yellow  precipitate  indi¬ 
cates  the  presence  of  sodium. 

If  the  unknown  contains  phosphate  at  this  point  it  must  be 
removed  before  proceeding  with  the  sodium  test,  as  it  will  pro¬ 
duce  a  flocculent  precipitate  of  uranyl  phosphate.  This  may  be 
done  by  diluting  the  1  ml.  of  solution  with  5  ml.  of  water  and 
adding  5  ml.  of  magnesium  ammonium  nitrate  reagent  and  5  ml. 
of  ammonia.  Heating  to  boiling  hastens  the  complete  precipita¬ 
tion  of  the  phosphate.  Filter  off  the  precipitate,  evaporate  the 
filtrate  to  dryness,  and  ignite  to  remove  ammonium  salts.  Then 
extract  the  magnesium  residue  with  20  ml.  of  water  and  proceed 
with  the  test  for  sodium. 

To  separate  barium  and  strontium  from  calcium  and  any  large 
quantity  of  magnesium  which  may  be  present,  dissolve  the  pre¬ 
cipitated  carbonates  in  2  N  nitric  acid  and  evaporate  the  solution 
just  to  dryness.  After  cooling,  treat  the  dry  nitrates  with  5  to 
10  ml.  of  concentrated  nitric  acid  (specific  gravity  1.4).  An 
insoluble  residue  indicates  the  presence  of  barium  or  strontium. 

ITen  minutes  are  usually  ample  for  the  solution  of  calcium  and 
magnesium  nitrates  which  may  be  present,  although  if  the  ni¬ 
trate  residue  has  been  overheated  basic  magnesium  nitrate  dis¬ 
solves  slowly.  Filter  off  the  barium  and  strontium  nitrates  on 
an  asbestos  filter,  wash  with  5  ml.  of  concentrated  nitric  acid, 
and  then  dissolve  by  pouring  10  ml.  of  water  through  the  filter. 
The  solution  after  neutralizing  with  ammonia  may  be  analyzed 
for  barium  and  strontium  according  to  Noyes  (3),  beginning  with 
the  second  paragraph  of  procedure  72  and  ending  with  procedure 
75. 

Evaporate  the  filtrate  of  concentrated  nitric  acid,  containing 
calcium  and  frequently  considerable  quantities  of  magnesium,  to 

I  dryness  in  a  Pyrex  beaker.  If  magnesium  is  present,  ignite  the 
residue  of  nitrates  as  strongly  as  possible  with  twTo  Bunsen  burn¬ 
ers.  The  evolution  of  red-brown  fumes  of  nitrogen  dioxide 
indicates  the  presence  of  much  magnesium,  and  ignition  should 
be  continued  until  these  fumes  are  no  longer  given  off.  Since  the 
glass  is  attacked,  this  ignition  must  be  carried  out  in  a  container 
free  from  calcium,  such  as  a  Pyrex  beaker.  After  cooling  the 
residue,  treat  with  10  ml.  of  freshly  boiled  water  and  heat  almost 
to  the  boding  point  for  10  minutes.  Filter  the  solution  from 

(the  insoluble  magnesium  oxide  and  any  undissolved  calcium 
oxide,  and  test  for  calcium  by  the  addition  of  1  ml.  of  potassium 
oxalate  solution.  If  magnesium  is  not  present,  dissolve  the  ni- 
Itrate  residue  in  water,  make  alkaline  with  ammonia,  and  test 
for  calcium  with  potassium  oxalate. 

Notes  on  Procedures 

Tests  indicate  that  in  general  it  is  possible  to  find  1  mg.  of 
any  element  in  the  twTo  groups  in  the  presence  of  500  mg.  of 
any  other  element  of  the  groups.  It  was  thought  advisable 
in  the  case  of  magnesium,  however,  to  select  250  mg.  as  the 
maximum  amount  which  may  be  present  in  an  analysis. 
Because  of  the  small  equivalent  weight  of  the  element,  this 
limit  is  likely  to  be  exceeded  only  in  the  analysis  of  magnesium 
alloys  or  magnesium  oxide. 

The  most  serious  objection  to  this  system  is  that  as  much 
as  3  mg.  of  barium  or  2  mg.  of  strontium  when  present  alone 
may  escape  precipitation  by  ammonium  carbonate  under 
the  conditions  described.  However,  if  a  large  amount  of  one 
of  the  elements  of  the  alkaline  earth  group  is  present,  traces 
of  the  others  are  co-precipitated  as  carbonates  to  an  extent 
sufficient  to  ensure  their  detection.  Consequently,  if  no 
precipitate  results  when  the  ammonium  carbonate  reagent 
is  added  and  if  it  is  desired  to  detect  traces  of  barium  and 
strontium,  the  solution  should  be  evaporated  to  as  small  a 
volume  as  suffices  to  keep  ammonium  salts  in  solution.  A 
drop  of  sulfuric  acid  is  then  added  and  the  solution  allowed  to 


stand  for  several  hours.  If  a  trace  of  barium  or  strontium 
sulfate  separates,  it  may  be  identified  most  easily  by  a  flame 
test.  This  test  will  detect  1  mg.  of  barium  with  certainty, 
but  the  precipitation  of  traces  of  strontium  by  sulfate  is 
very  slow  and  uncertain. 

The  separation  of  barium  and  strontium  from  calcium  and 
magnesium,  which  is  the  chief  innovation  of  this  procedure, 
was  tested  thoroughly.  It  was  found  that  1  mg.  of  barium 
or  strontium  could  be  found  easily  in  500  mg.  of  calcium  wffien 
the  dried  nitrates  were  treated  with  10' ml.  of  concentrated 
nitric  acid.  This  amount  of  the  concentrated  acid  also  serves 
to  dissolve  completely  250  mg.  of  magnesium  if  sufficient  time 
is  allowed.  The  presence  of  either  calcium  or  magnesium 
appears  to  increase  the  sensitivity  of  the  test  for  barium  or 
strontium,  for  these  insoluble  nitrates  are  left  in  a  finely  divided 
form  when  the  soluble  nitrates  are  extracted.  It  was  also 
found  that,  of  1  mg.  of  calcium,  enough  to  give  a  decided  test 
was  extracted  from  500  mg.  of  either  barium  or  strontium 
when  the  nitrates  of  these  elements  were  treated  with  10  ml. 
of  concentrated  acid. 

In  a  series  of  experiments  designed  to  find  how  serious  the 
effect  of  slight  dilution  of  the  concentrated  nitric  acid  might 
be,  solutions  containing  400  mg.  of  calcium  with  varying 
quantities  of  barium  and  strontium  as  the  nitrates  were  evapo¬ 
rated  to  dryness  and  treated  with  10-ml.  portions  of  nitric 
acid  of  varying  concentration.  The  results  of  these  experi¬ 
ments  are  presented  in  Table  I. 

Table  I.  Effect  of  Dilution  upon  the  Sensitiveness  of 
the  Concentrated  Nitric  Acid  Test  for  Barium  and  Stron¬ 
tium  in  Calcium 

In  400  Mg.  of  Ca  - — Specific  Gravity  of  HNO* 


Ba 

Sr 

1.40 

1.36 

1.31 

Mg. 

Mg. 

1 

— 

+ 

_ 

_ 

2 

— 

0 

+ 

_ 

3 

— 

0 

0 

+ 

5 

— 

0 

+ 

+ 

10 

— 

0 

0 

+ 

— 

1 

+ 

— 

0 

— 

2 

+ 

— 

0 

— 

3 

0 

? 

0 

— 

5 

0 

+ 

— 

10 

0 

0 

— 

15 

0 

0 

■ 

H-  =  Residue  noted,  positive  test. 

—  =  Complete  solution,  negative  test. 
0  =  No  experiment. 

?  =  Uncertain. 


Since  the  dilution  from  acid  of  specific  gravity  1.40  to 
specific  gravity  1.36  involves  the  addition  of  25  ml.  of  water  to 
100  ml.  of  the  concentrated  acid,  it  is  evident  that  any  slight 
dilution  due  to  water  retained  by  the  alkaline  earth  nitrates 
after  evaporation  to  dryness  will  not  seriously  impair  the 
sensitiveness  of  the  test. 

The  solubilities  of  barium  and  strontium  nitrates  in  nitric 
acid  of  various  concentrations  are  now  being  measured  in  this 
laboratory  in  order  to  supplement  qualitative  data  of  Table  I. 
It  is  surprising  that  this  convenient  and  sensitive  test  is  not 
more  widely  employed. 

Since  the  presence  of  too  much  potassium  results  in  the 
precipitation  of  needle-like  crystals  when  magnesium  (or 
zinc)  uranyl  acetate  is  employed  to  test  for  sodium,  it  is 
necessary  to  adjust  carefully  the  concentrations  of  the  solu¬ 
tions  being  tested  and  of  the  reagents  in  order  to  prevent  inter¬ 
ference.  The  conditions  described  in  the  procedure  are  chosen 
to  avoid  the  use  of  a  large  quantity  of  the  expensive  reagent 
while  permitting  adequate  delicacy  for  sodium  without  danger 
of  interference  by  potassium. 

Since  the  chief  objection  to  Noyes’  method  of  precipitating 
strontium  as  the  chromate  in  basic  solution  by  the  addition  of 
alcohol  is  the  difficulty  of  obtaining  a  clear  filtrate  sufficiently 


348 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  5 


free  from  the  very  fine  precipitate  to  permit  a  test  for  calcium, 
it  was  decided  to  employ  it,  for  in  the  present  system  the 
calcium  has  already  been  removed  and  it  is  necessary  only  to 
collect  enough  of  the  strontium  precipitate  for  a  confirmatory 
test. 
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Determination  of  Sodium  in  High  Aluminous 

Material 

H.  V.  CHURCHILL,  R.  W.  BRIDGES,  AND  A.  LOGAN  MILLER 
Aluminum  Research  Laboratories,  New  Kensington,  Pa. 


RECENTLY  there  has  developed  a  need  for  the  precise 
determination  of  sodium  in  aluminous  materials  of  a 
refractory  nature,  such  as  calcined  alumina.  Past  experience 
has  shown  that  the  well-known  J.  Lawrence  Smith  method 
may  yield  satisfactory  results  from  the  standpoint  of  ac¬ 
curacy  and  precision.  This  method,  however,  is  open  to 
criticism  when  used  under  practical  laboratory  conditions. 
It  is  tedious  and  time-consuming.  Rather  large  corrections 
must  be  made  in  results  for  reagent  blanks  unless  extremely 
pure  reagents  are  available.  Lamar,  Hazel,  and  O’Leary 
point  out  that  many  special  precautions  must  be  taken  (3). 

Since  the  sodium  uranyl  zinc  acetate  method  of  Barber 
and  Kolthoff  (1)  has  made  available  a  satisfactory  procedure 
for  the  determination  of  sodium  in  solution  as  sulfate,  the 
problem  in  the  present  case  becomes  one  of  decomposing  the 
sample  and  converting  the  salts  present  to  sulfates.  Accord¬ 
ing  to  Hillebrand  and  Lundell  (2),  Jannasch  suggested  am¬ 
monium  fluoride  as  a  satisfactory  fusion  reagent  for  some 
silicate  minerals.  Despite  the  absence  of  silicates  from  the 
aluminous  materials  to  be  analyzed,  it  was  thought  that  if 
ammonium  fluoride  would  render  the  sample  amenable  to 
solution  in  sulfuric  acid,  the  sodium  uranyl  zinc  acetate 
method  would  solve  the  remainder  of  the  problem. 

While  ammonium  fluoride  or  ammonium  bifluoride  in  salt 
form  can  be  used  in  this  determination,  the  authors  believe  it 
is  simpler  to  use  hydrofluoric  acid  and  form  the  ammonium 
compound  in  situ  by  the  addition  of  ammonium  hydroxide. 

The  sodium  content  is  determined  by  reducing  the  equivalent 
uranium  salt  to  a  valence  of  4  by  means  of  a  coil  of  aluminum 
wire  and  titrating  to  the  valence  of  6  by  means  of  permanganate 
solution.  The  aluminum  coil  (Figure  1)  is  to  be  preferred  to  amal¬ 
gamated  zinc  for  two  main  reasons.  Zinc  is  apt  to  carry  the 
reduction  of  the  uranium  salt  below  the  valence  of  4,  thus  neces¬ 
sitating  an  oxidation  back  to  that  stage  before  titration  is  begun. 


Figure  1.  Aluminum  Coils  Used  to  Reduce  Uranium  Salt 


Aluminum  does  not  carry  the  reduction  below  the  valence  of  4. 
When  zinc  is  used  it  must  be  filtered  off  before  the  titration  is 
made.  The  aluminum  coil  can  be  merely  lifted  from  the  solution. 
The  coil  of  aluminum  wire  may  be  prepared  by  winding  150  cm. 
(5  feet)  of  16-  or  18-gage  commercially  pure  aluminum  wire 
around  an  appropriate  form,  such  as  a  pencil. 

The  uranyl  zinc  acetate  reagent  used  for  precipitating  the 
sodium  is  made  up  as  follows : 

A.  Uranyl  acetate,  10  grams  B.  Zinc  acetate  (3H2O),  30  grams 
Acetic  acid,  6  grams  Acetic  acid,  30%,  3  grams 

Water  to  make  65  grams  Water  to  make  65  grams 

After  the  salts  in  A  and  B  are  dissolved  by  warming,  the 
solutions  are  mixed,  a  few  milligrams  of  sodium  chloride 
added,  and  the  solution  is  allowed  to  stand  24  hours.  The 
solution  is  filtered  immediately  before  it  is  to  be  used.  This 
procedure  gives  a  clear  solution  of  reagent  saturated  with 
sodium,  and  the  precipitation  is  carried  out  with  as  little 
change  in  temperature  as  possible.  If  it  is  maintained  at 
room  temperature,  satisfactory  results  will  be  obtained. 

Procedure 

To  a  large  platinum  dish  add  1  gram  of  sample,  20  cc.  of  con¬ 
centrated  hydrofluoric  acid,  and  20  cc.  of  water.  Then  add  50 
cc.  of  1  to  1  ammonium  hydroxide  and  evaporate  to  fumes.  In 
the  case  of  very  refractory  materials  it  may  be  necessary  to  re¬ 
peat  this  operation  two  or  three  times.  This  necessity  is  excep¬ 
tional  and  is  not  ordinarily  encountered.  Heat  under  a  Dutch 
oven  until  almost  dry  but  still  moist  and  fuming.  Add  5  cc.  of 
concentrated  sulfuric  acid,  and  fume  till  all  fumes  are  driven  off. 
Ignite  at  dull  red  heat.  Add  5  cc.  of  concentrated  sulfuric  acid 
and  heat  until  all  fumes  are  driven  off.  Add  2  cc.  of  concentrated 
sulfuric  acid,  and  fume  for  a  few  minutes,  but  do  not  drive  off  all 
the  acid.  (Leave  about  1.5  grams  of  sulfuric  acid.  This  is  the 
most  important  step  in  this  procedure.) 

Add  50  cc.  of  hot  water,  evaporate  to  7  cc.,  cool,  and  add  70 
cc.  of  the  uranyl  zinc  acetate  reagent.  Let  stand  at  least  0.5 
hour  and  filter  by  suction  through  an  11-cm.  filter,  using  a  little 
paper  pulp.  Wash  with  the  reagent  just  enough  times  to  transfer 
all  the  precipitate  from  the  beaker  to  the  filter.  Wash  twice  with 
2-cc.  portions  of  95  per  cent  ethyl  alcohol  and  five  times  with 
acetone.  Remove  excess  acetone  by  means  of  suction.  This  can 
be  speeded  up  a  little  by  drying  at  105°  C.  for  a  few  minutes. 
Wash  the  suction  flask  carefully  and  use  it  to  receive  the  sodium 
uranyl  zinc  acetate  which  is  washed  out  of  the  filter  with  hot 
water.  Transfer  this  solution  to  a  250-cc.  beaker,  add  enough 
potassium  permanganate  to  color  the  solution  and  30  cc.  of  1  to 
1  sulfuric  acid.  Place  an  aluminum  coil  in  beaker  and  boil  for  30 
minutes.  When  reduction  is  complete,  cool,  remove  coil,  rinse 
off  with  water,  and  titrate  with  standard  permanganate.  A 
blank  must  be  carried  through  with  the  determinations. 

1  cc.  0.1  N  KMnOi  =  0.000382  Na 
=  0.000515  Na,0 
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The  method  as  outlined  was  applied  to  samples  which  had 
been  analyzed  by  the  J.  Lawrence  Smith  method  with  the 
results  shown  in  Table  I. 


Table  I.  Determination  of  Sodium 


Ammonium 

Ammonium 

J.  Lawrence 

Fluoride 

J.  LawTence 

Fluoride 

Smith  Method 

Method 

Smith  Method 

Method 

% 

% 

% 

% 

0.63 

0.67 

0.58 

0.58 

0.56 

0.55 

0.41 

0.43 

0.65 

0  67 

0.12 

0.13 

0.52 

0.51 

0.44 

0.44 

0.67 

0.66 

0.54 

0.57 

0.51 

0.52 

0.06 

0.05 

0.61 

0.63 

0.20 

0.21 

0.55 

0.58 

4.45 

4.45 

0.58 

0.58 

The  method,  of  course,  is  specific  for  sodium,  while  the 
h  Smith  method  covers  total  alkalies,  but  the  absence  of  other 


alkali  metals  from  the  material  being  analyzed  answers  this 
possible  objection.  Ordinarily  the  range  of  concentration 
of  sodium  to  be  met  falls  within  the  range  of  the  data  in  the 
table,  although  the  size  of  sample  to  be  used  should  be  such 
as  to  provide  not  more  than  10  mg.  of  soda. 

The  ammonium  fluoride  method  requires  only  about  one- 
half  as  much  time  as  does  the  J.  Lawrence  Smith  method. 
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Quantitative  Separation  and  Determination 

of  Aluminum  and  Zinc 

F.  H.  FISH  AND  J.  M.  SMITH,  Jr.,  The  Virginia  Polytechnic  Institute,  Blacksburg,  Va. 


DOBBINS  and  Sanders  ( 1 )  have  shown  that  aluminum 
can  be  determined  quantitatively  on  pure  solutions 
by  the  formation  of  lithium  aluminate,  basing  their  work  on 
[that  done  previously  by  Prociv  (3)  and  Hegrousky  ( 2 ). 
Their  method  consists  of  adding  an  excess  of  lithium  chloride 
to  the  solution  of  the  pure  aluminum  salt,  then  making  the 
solution  alkaline  to  phenolphthalein  with  dilute  ammonium 
hydroxide.  The  precipitate  is  washed,  dried,  and  ignited, 
land  the  aluminum  calculated  from  the  formula  2Li20- 
15AI2O3.  They  stated  that  this  method  gives  more  concordant 
-esults  than  the  ammonium  hydroxide  method  for  the  deter- 
nination  of  aluminum,  that  it  can  be  used  in  any  conditions 
n  which  the  ammonium  hydroxide  method  is  applicable,  and 
that  it  has  been  used  on  alums  with  excellent  results,  but 
made  no  reference  to  its  use  if  other  metals  are  present. 

In  some  work  on  zinc  alloys,  where  an  accurate  method  of 
separating  zinc  and  aluminum  was  desired,  the  lithium  alumi- 
late  method  suggested  a  possible  means  of  separation.  The 
Jffect  of  ammonium  salts  (chloride,  acetate,  and  tartrate) 
>n  the  formation  of  lithium  aluminate,  in  the  presence  of 
:inc,  was  studied  and  a  separation  attempted. 

Reagents 

Standard  aluminum  nitrate  solution:  110  grams  of  AlfNChL- 
i  iH20  dissolved  in  distilled  water  and  made  up  to  100  cc.  This 
olution  was  standardized  by  pipetting  out  25  cc.,  evaporating 
0  dryness,  igniting,  and  weighing  the  resulting  aluminum 
xide. 

;  Standard  zinc  sulfate  solution:  32  grams  of  ZnS04-6H20  dis- 
olved  in  distilled  water,  made  up  to  100  cc.,  and  standardized 
•y  pipetting  out  25  cc.,  precipitating  ZnNH4P04,  igniting,  and 
.*eighing  as  Zn2P207. 

A  10  per  cent  lithium  chloride  solution  was  made  by  dis¬ 
olving  100  grams  of  lithium  chloride  in  distilled  water  and  mak- 
ig  up  to  1000  cc. 

A  ^dilute  solution  of  ammonium  hydroxide,  approximately 
.1  N,  was  used,  since  it  is  easier  to  secure  the  alkalinity  desired 
y  addition  of  dilute  solution  dropwise. 

Solid  ammonium  acetate  was  used. 

Phenolphthalein  was  used  as  indicator.  A  very  faint  pink 
ives  the  desired  alkalinity. 

Wash  solution:  a  2  per  cent  solution  of  ammonium  acetate. 
Dilute  nitric  acid  (1  to  6)  was  used. 

Ammonium  phosphate:  a  20  per  cent  solution  of  (NH4)r 


Procedure 

Aliquot  portions  of  the  aluminum  salt  solution  and  zinc  salt 
solution  were  pipetted  out  into  a  beaker  and  the  volume  was 
made  up  to  100  cc.  Lithium  chloride  solution  in  excess  of  that 
required  to  precipitate  lithium  aluminate,  a  few  drops  of  phenol¬ 
phthalein,  and  5  grams  of  sohd  ammonium  acetate  were  added. 
Dilute  ammonium  hydroxide  was  then  added  drop  by  drop 
with  constant  stirring  until  a  very  faint  pink  color  was  obtained. 
The  voluminous  flocculent  precipitate  which  formed  was  al¬ 
lowed  to  settle  10  minutes,  then  filtered  and  washed  with  a 
2  per  cent  solution  of  ammonium  acetate.  An  11-cm.  Whatman 
No.  40  filter  paper  was  used.  After  washing,  the  filtrate  was  set 
aside  for  the  determination  of  zinc,  and  the  precipitate  was  dis¬ 
solved  off  the  paper  in  the  smallest  possible  amount  of  hot  dilute 
nitric  acid  into  the  beaker  used  in  the  original  precipitation. 
The  paper  (still  on  the  funnel)  was  washed  with  dilute  nitric 
acid  and  finally  a  hole  was  punched  in  the  bottom  of  the  cone  to 
ensure  washing  all  the  precipitate  into  the  beaker.  Five  grams 
of  ammonium  acetate,  3  cc.  of  lithium  chloride  solution,  and  a 
few  drops  of  phenolphthalein  indicator  were  added  and  dilute 
ammonium  hydroxide  was  then  added  dropwise  with  stirring 
until  a  faint  pink  color  appeared.  The  lithium  aluminate  was 
allowed  to  settle,  and  was  filtered  and  washed  with  2  per  cent 
ammonium  acetate  as  before.  The  filtrate  was  added  to  that 
from  the  first  precipitation  and  reserved  for  the  determination  of 
zinc.  After  a  second  reprecipitation  was  carried  out  in  the  same 
manner,  the  precipitate  of  lithium  aluminate  was  filtered  and 
washed  with  2  per  cent  ammonium  acetate,  and  finally  with  dis¬ 
tilled  water;  then  dried  and  ignited  to  constant  weight  at  900° 
to  950°  C.  The  aluminum  was  calculated  from  the  formula 
2Li20-5ALC>3,  which  contains  47.40  per  cent  of  aluminum. 

The  combined  filtrate  from  the  three  precipitations  was  evapo¬ 
rated  to  200  cc.  and  the  zinc  determined  by  the  classic  phosphate 
method. 


Table  I.  Experimental  Results 


Sample 

A1 

A1 

Zn 

Zn 

No. 

Taken 

Recovered 

Taken 

Recovered 

Gram 

Gram 

Gram 

Gram 

1 

0.0399 

0.0401 

0 . 0403 

0 . 0400 

2 

0.0399 

0 . 0400 

0 . 0403 

0 . 0402 

3 

0.0399 

0.0401 

0 . 0403 

0 . 0404 

4 

0.0399 

0.0401 

0 . 0403 

0 . 0402 

5 

0 . 0399 

0 . 0403 

0 . 0403 

0.0396 

6 

0.0399 

0.0391 

0 . 0403 

0 . 0404 

7 

0.0399 

0 . 0405 

0 . 0403 

0.0404 

8 

0.0399 

0.0397 

0 . 0403 

0 . 0403 

9 

0.0399 

0 . 0400 

0 . 0403 

0 . 0408 

10 

0 . 0558 

0 . 0558 

0  0403 

0.0411 

11 

0.0558 

0 . 0559 

0 . 0403 

0 . 0402 

12 

0.0558 

0 . 0555 

0.0403 

0 . 0406 

13 

0.0159 

0.0155 

0.0403 

0  0401 

14 

0.0159 

0 . 0155 

0 . 0403 

0.0401 

15 

0.0159 

0.0157 

0 . 0403 

0.0403 
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Discussion  of  Results 

The  lithium  aluminate  method  for  the  determination  of 
aluminum  in  solution  of  pure  aluminum  salts  was  found  to  give 
better  results  than  either  the  ammonium  hydroxide  or  phos¬ 
phate  method.  This  is  in  accordance  with  the  results  of 
Dobbins  and  Sanders. 

Several  ammonium  salts  were  used  to  prevent  the  precipita¬ 
tion  of  zinc  under  the  same  conditions  in  which  lithium 
aluminate  is  precipitated:  (1)  Ammonium  acetate  does  not 
interfere  with  the  precipitation  of  lithium  aluminate,  and 
prevents  the  precipitation  of  zinc  under  the  same  conditions. 
(2)  Ammonium  chloride  does  not  interfere  with  the  precipita¬ 
tion  of  lithium  aluminate  and  prevents  the  quantitative 
precipitation  of  zinc.  (3)  Ammonium  tartrate  prevents 
precipitation  of  both  aluminum  and  zinc. 

The  voluminous  precipitate  of  lithium  aluminate  mechani¬ 
cally  traps  some  of  the  zinc.  This  difficulty  is  eliminated  in 
this  procedure  by  reprecipitating  the  aluminum.  Reprecipi¬ 
tation  releases  the  zinc  and  allows  it  to  pass  on  into  the  filtrate. 

A  precipitate  of  more  than  0. 1  gram  is  too  bulky  to  handle, 
and  the  aliquot  portion  should  be  chosen  so  as  to  give  a  pre¬ 


cipitate  of  the  aluminate  not  exceeding  0.1  gram.  The  pre¬ 
cipitate  forms  at  once,  and  is  easily  filtered  and  washed. 
In  this  separation  a  2  per  cent  solution  of  ammonium  acetate 
is  used  as  a  wash  solution  in  order  to  prevent  the  precipita¬ 
tion  of  zinc  with  the  aluminum  during  the  washing.  After 
the  final  precipitation  and  washing  distilled  water  is  used  to 
remove  ammonium  acetate  from  the  precipitate. 

Summary 

Zinc  and  aluminum  can  be  separated  quantitatively  by 
precipitating  the  aluminum  as  lithium  aluminate  from  solu¬ 
tions  containing  ammonium  acetate;  the  zinc  remains  in 
solution  and  may  be  determined  in  the  filtrate  by  the  phos¬ 
phate  method. 

Literature  Cited 

(1)  Dobbins,  J.  T.,  and  Sanders,  J.  P.,  J.  Am.  Chem.  Soc.,  54,  178 

(1932). 

(2)  Hegrousky,  J.,  J.  Chem.  Soc.,  118,  1013  (1920). 

(3)  Prociv,  D.,  Collection  Czechoslov.  Chem.  Communications,  1,  95 

(1929). 

Received  June  23,  1936. 


Determination  of  Manganese  in  Tungsten 

and  Ferro  tungsten 

Mixed  Perchloric  and  Phosphoric  Acids  as  Solvent  and  Sodium  Bismuthate  or 

Potassium  Periodate  as  Oxidizing  Agents 


G.  FREDERICK  SMITH,  J.  A.  McHARD,  AND  K.  L.  OLSON,  University  of  Illinois,  Urbana,  Ill. 


METALLIC  tungsten,  ferrotungsten,  and  tungsten 
steels  are  soluble  completely  with  no  precipitation  of 
tungstic  acid  by  treatment  with  mixed  perchloric  and  phos¬ 
phoric  acids.  The  most  rapid  solubility  occurs  at  a  tempera¬ 
ture  of  200  °  to  215  °  C.  The  tungsten  is  held  in  solution  prob¬ 
ably  as  phosphotungstic  acid.  Most,  if  not  all,  of  the  silicon 
is  dissolved  but  dehydrated  silica  if  formed  does  no  harm. 

The  determination  of  manganese  in  metallic  tungsten  and 
ferrotungsten  is  generally  carried  out  following  a  fusion 
with  sodium  peroxide.  An  alternative  procedure  consists  in 
dissolving  the  sample  using  hydrofluoric  acid  in  a  platinum 
dish  followed  by  nitric  acid  to  oxidize  the  iron  and  per¬ 
chloric  acid  to  volatilize  excess  hydrofluoric  acid.  These  two 
procedures  are  more  rapid  than  the  method  to  be  described. 
The  first  requires  constant  attention  and  the  other  involves 
the  use  of  platinum  dishes  and  hydrofluoric  acid.  Both  may 
be  preferred  as  routine  methods  because  of  their  speed.  By 
the  method  to  be  described  a  longer  period  of  time  is  required 
to  dissolve  the  sample,  but  no  attention  is  required  during 
this  treatment  and  the  use  of  platinum  and  the  troublesome 
hydrofluoric  acid  is  avoided. 

Provided  perchloric  acid  and  phosphoric  acid  can  be  shown 
to  have  no  interfering  action  during  oxidation  of  manganese 
using  either  sodium  bismuthate  or  potassium  periodate,  the 
present  method  for  solution  of  ferrotungsten  and  tungsten 
metal  in  preparation  for  determining  manganese  has  many 
advantages  over  either  the  fusion  method  or  hydrofluoric 
acid  treatment.  In  addition,  the  troublesome  formation  of 
insoluble  tungstic  acid  is  entirely  avoided.  This  paper  has 
for  its  object  the  study  of  the  improved  method  of  solution 
thus  applied. 


The  present  work  is  the  fifth  of  a  series  of  papers  dealing  with 
analyses  using  mixtures  of  other  mineral  acids  with  perchloric 
acid  resulting  from  the  valuable  solvent  and  oxidation  proper¬ 
ties  of  such  mixtures.  Potassium  ferricyanide  as  reference  stand¬ 
ard  in  evaluating  titanous  solutions  was  thus  studied  by  Smith 
and  Getz  (2).  The  determination  of  chromium  in  chrome-tanned 
leather  and  the  volumetric  determination  of  iron  in  leather  was 
developed  by  Smith  and  Sullivan  U,  5).  The  determmation  of 
chromium  in  stainless  steel  using  mixed  perchloric,  phosphoric, 
and  sulfuric  acids  was  described  by  Smith  and  Smith  (3).  The 
determination  of  manganese  in  nitric  acid  solution  following  oxi¬ 
dation  using  bismuthate  is  well  known  and  the  same  deter¬ 
mination  in  the  presence  of  phosphoric  acid  and  sulfuric  acid, 
as  will  be  shown,  requires  but  slight  modification.  The  deter¬ 
mination  of  manganese  following  oxidation  to  permanganic  acid 
using  potassium  periodate  was  developed  by  Willard  and  Thomp¬ 
son  ( 6 ).  The  general  subject  of  mixed  perchloric,  sulfuric,  and 
phosphoric  acids  and  their  applications  in  analysis  was  de¬ 
veloped  by  Smith  ( 1 ). 

Samples  for  Analysis 

Bureau  of  Standards  ferrotungsten,  No.  75:  W ,  75.2  per  cent, 
Mn,  1.16  per  cent.  _ _ 

British  Chemical  Standards,  No.  202-2:  W,  80.  i  per  cent; 

Mn,  0.55  per  cent. 

Union  Carbide  and  Carbon  sample  (courtesy  of  H.  E.  Cunning¬ 
ham),  works  analysis:  W,  79.79  per  cent;  Mn,  0.24  per  cent. 

Bureau  of  Standards  sample  No.  75  was  the  only  one  of  this 
list  in  which  a  series  of  analysts  cooperated  in  determining  the 
value  for  manganese.  The  mean  value,  1.16  per  cent  man¬ 
ganese,  represented  the  average  value  by  nine  separate 
analysts.  The  minimum  value  given  was  1.14  per  cent  and 
the  maximum  found  was  1.19  per  cent.  The  British  Chemi¬ 
cal  Standard  No.  202-2  is  seen  to  show  the  highest  tungsten 
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content,  but  the  manganese  value  was  given  as  the  findings  of 
but  one  analyst. 

Solution  of  Tungsten  and  Ferro  tungsten  in 
Mixed  Perchloric  and  Phosphoric  Acids 

Weigh  into  500-ml.  Erlenmeyer  flasks  1-gram  samples  of  ferro- 
tungsten  or  tungsten  metal  in  a  finely  divided  condition.  Pro¬ 
vide  each  flask  with  refluxing  heads  such  as  that  in  A  (Figure  1,1), 
or  the  equivalent.  Add  30  ml.  of  a  mixture  of  1  part  of  72  per 
cent  perchloric  acid  and  2  parts  of  85  per  cent  sirupy  phosphoric 
acid,  and  place  flask  and  contents  over  a  readily  regulated  burner 
and  wire  gauze.  Heat  gradually  to  190°  C.  At  155°  C.  the 
acid  mixture  loses  water  and  at  190°  C.  the  solvent  action  begins 
in  the  case  of  ferrotungsten  and  the  solution  turns  green  with  the 
precipitated  tungsten  scarcely  attacked.  Continue  to  heat  to 
200°  to  215°  C.  and  maintain  at  this  temperature  until  all  is  in 
solution,  which  should  be  complete  in  45  to  60  minutes  with 
ferrotungsten  and  in  a  slightly  longer  time  interval  with  tung¬ 
sten  metal.  The  reactions  involved  are  omitted  in  the  interests 
of  brevity. 

From  this  point  the  determination  of  manganese  depends 
upon  the  choice  of  oxidizing  agents  employed.  The  silicon 
present  is  all  or  in  part  in  solution  as  silicotungstic  acid. 

[Any  not  in  solution  does  not  interfere  with  subsequent  opera¬ 
tions. 

Oxidation  of  Manganese  Using  Potassium 
Periodate 

The  solution  of  ferrotungsten  or  tungsten  metal  prepared  as 
above  described  is  cooled  somewhat  and  diluted  to  200  ml.  with 
water.  Add  0.3  gram  of  potassium  periodiate  and  heat  to  a 
gentle  boil  for  15  minutes  to  oxidize  the  manganese.  Cool  and 
add  4  to  5  grams  of  mercuric  nitrate  dissolved  in  water  wThich 
precipitates  the  excess  periodate  (and  iodate) : 

2  MnafPOifi  +  15  KICh  +  9  H20 - >■  6  HMnOi  +  15  KIOs  +  4  HaPCL 

2  KIOi  +  5  Hg(N03)2  +  4  H20 - >■  HgsdOeh  +  2  KNOa  +  8  HNOa 

Filter  the  precipitated  iodate  and  periodate  through  a  Buchner 
funnel  with  asbestos  filtering  mat  into  a  500-ml.  filtering  flask  con¬ 
taining  an  excess  of  standard  ferrous  sulfate.  Wash  the  pre- 
j  cipitate  four  times  with  water  and  titrate  the  excess  ferrous  sul¬ 
fate  with  standard  permanganate. 

The  amount  of  periodate  used  is  sufficient  to  oxidize  15 
mg.  of  manganese.  Phosphoric  acid  being  present  aids  in 
;the  oxidation  of  manganese  and  prevents  interference  from 
1  to  1.5  mg.  of  chromium  which  is  seldom  present  in  tung¬ 
sten  or  ferrotungsten.  It  is  possible  to  oxidize  twice  as  much 
manganese  if  0.5  gram  of  periodate  is  used,  but  it  is  less  con¬ 
venient  because  of  the  bulk  of  mercuric  salt  to  be  filtered. 
By  periodate  oxidation  of  manganese  the  chlorine  and  pos¬ 
sible  traces  of  hydrochloric  acid  formed  during  the  solution 
of  the  sample  are  either  boiled  off  or  oxidized  to  chlorine  and 
evolved  as  such.  Results  of  a  series  of  analyses  by  this  proc¬ 
ess  are  shown  in  Table  I. 

‘>Table  I.  Determination  of  Manganese  in  Ferbottjngsten 

(B.  of?S.  No.  75,  1.16%  Mn.  HMnCh  filtered  into  50.00  ml.  of  0.0434  N 
FeSO<  and  excess  of  latter  back-titrated  using  0.0588  N  KMnOt) 


Sample 

0.0588  N 
KMnO. 
Required 

Manganese  Found 

Error 

Ml. 

Mg. 

% 

Mg. 

% 

0.8941 

21.00 

10.32 

1.154 

—0.05 

-0.006 

1.2299 

14.26 

14.70 

1.195 

+  0.44 

+  0.035 

0 . 9895 

19.65 

11.22 

1.134 

-0.25 

-0.026 

0.8268 

20.03 

9.49 

1.148 

-0.10 

-0.012 

Av.  1.158  +0.01 


A  series  of  six  additional  determinations  not  tabulated  for 
:he  sake  of  brevity  showed  the  following  percentages  of  man¬ 
ganese  found:  1.158,  1.144,  1.170,  1.157,  1.172,  and  1.164, 
.  )r  an  average  of  1.161  per  cent  to  compare  with  the  certificate 
•’alue  of  1 . 16  per  cent  manganese. 


Oxidation  of  Manganese  Using  Sodium 
Bismuthate 

Dissolve  the  sample  as  above  described,  cool  somewhat,  and 
add  20  ml.  of  concentrated  nitric  acid.  Boil  gently  until  the 
chlorine  and  hydrochloric  acid  formed  in  the  solution  of  the 
sample  are  decomposed  or  boiled  off  and  the  nitric  acid  has  been 
evolved.  Cool  the  contents  of  the  flask  by  immersion  in  cold 
water  and  transfer  the  contents  to  a  400-ml.  beaker.  Reduce 
any  violet  color  present,  due  to  partially  oxidized  manganese, 
with  a  little  ferrous  sulfate  solution.  Add  15  ml.  of  concentrated 
sulfuric  acid,  bring  to  a  boil,  and  add  sodium  bismuthate  in 
small  amount  until  the  first  definite  pink  color.  Boil  gently  5 
minutes  and  reduce  any  pink  or  brown  color  with  ferrous  sulfate 
solution.  Bring  again  to  a  gentle  boiling  temperature  and  add  1 
gram  of  sodium  bismuthate  with  stirring.  Stir  for  a  few  minutes 
without  additional  heat  and  cool  in  a  bath  of  cold  water  with  con¬ 
tinuous  stirring. 

Allow  the  oxidized  solution  and  excess  bismuthate  to  stand  10 
minutes.  Filter  through  an  asbestos  Gooch  crucible  into  an  ex¬ 
cess  of  standard  ferrous  sulfate  contained  in  a  500-ml.  filter  flask 
or  its  equivalent.  Wash  the  precipitate  left  in  the  crucible  with 
cold  water  and  titrate  the  excess  ferrous  sulfate,  using  standard 
ceric  sulfate  and  diphenylamine  sulfonic  acid  as  indicator  to  the 
first  pink  color  which  persists. 

o-Phenanthroline  indicator  does  not  serve  in  this  case  be¬ 
cause  of  the  presence  of  tungsten.  The  use  of  permanganate 
in  place  of  ceric  sulfate  does  not  give  a  definite  end  point, 
as  is  the  case  after  periodate  oxidation  of  manganese  as  pre¬ 
viously  described.  Results  of  14  consecutive  analyses  of  B. 
of  S.  ferrotungsten  No.  75  showed  an  average  value  of  1.155 
per  cent  of  manganese  compared  to  the  certificate  value  1.16 
per  cent,  and  the  values  varied  from  1.14  per  cent  to  1.18 
per  cent.  Four  consecutive  determinations  are  recorded  in 
Table  II. 

Table  II.  Detebmination  of  Manganese  in  Ferrotungsten 

(B.  of  S.  No.  75,  1.16%  Mn.  HMnCL  filtered  into  25.00  ml.  of  0.05356  N 

FeSOi) 


Weight  of 
Sample 

0.02888  N 

Ceric  Sulfate 
Required 

Mn 

Found 

Error 

Gram 

Ml. 

% 

% 

0.9227 

12.88 

1.152 

-0.008 

0.9634 

11.12 

1.161 

+0.001 

0.9541 

11.05 

1.174 

+0.014 

0.8952 

13.10 

1.179 

+0.019 

Av.  1.166 


The  ceric  sulfate  used  in  Table  II  was  standardized  using 
pure  iron  and  B.  of  S.  sodium  oxalate,  in  the  former  case  using 
o-phenanthroline  as  indicator,  and  in  the  latter  case  the  po- 
tentiometric  end  point.  The  two  values  were  found  to  be 
the  same.  The  ferrous  sulfate  solution  was  then  standardized 
against  the  ceric  sulfate,  using  both  a  potentiometric  and  o- 
phenanthroline  indicator  system. 

Seven  consecutive  determinations  of  manganese  in  sample 
No.  202-2  British  Chemical  Standards  ferrotungsten  were 
made  using  the  bismuthate  method.  The  average  of  these 
determinations  was  found  to  be  0.70  per  cent.  The  varia¬ 
tion  in  these  results  was  from  0.68  to  0.73  per  cent  of  man¬ 
ganese  with  one  result  of  0.77  per  cent  obviously  in  error. 

Five  consecutive  determinations  of  manganese  in  the 
Union  Carbide  ferrotungsten,  the  works  analysis  for  which 
showed  0.24  per  cent  of  manganese,  gave  an  average  result  of 
0.183  per  cent  with  a  maximum  range  0.175  to  0.191  per  cent. 
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Determination  of  Bismuth  as  Phosphate 

w.  C.  BLASDALE  AND  W.  C.  PARLE,  University  of  California.  Berkeley,  Calif. 


ALTHOUGH  the  gravimetric  method  for  the  determina¬ 
tion  of  bismuth  as  phosphate  has  been  in  use  since 
1905,  and  a  number  of  papers  have  been  published  regarding 
it,  the  details  of  procedure  recommended  show  a  wide  range 
of  variation,  and  there  is  a  decided  lack  of  detailed  quantita¬ 
tive  data  upon  which  a  rational  procedure  might  be  based. 
The  data  here  reported  are  designed  to  supply  this  deficiency. 

Properties  of  Bismuth  Phosphate 

The  solubility  of  bismuth  phosphate  does  not  seem  to  have 
been  determined.  In  order  to  ascertain  its  value  a  sample 
of  the  granular  precipitate,  separated  from  an  acid  solution, 
with  a  moderate  excess  of  diammonium  hydrogen  phosphate 
was  used.  The  well-washed  precipitate  was  suspended  in  a 
large  bottle  of  distilled  water,  which  was  kept  immersed  in  a 
thermostat  held  at  27°  C.  and  shaken  occasionally,  for  a 
period  of  15  days.  Twenty  50-cc.  portions  of  the  solution  were 
then  evaporated  in  a  platinum  dish  and  the  residue  was 
heated  to  140°  C.  Its  weight  was  found  to  be  0.0033  gram, 
indicating  a  molal  solubility  less  than  that  of  barium  sulfate. 
Assuming  complete  dissociation  and  no  hydrolysis,  this 
would  correspond  to  a  solubility  product  of  approximately 
1.1  X  10  ~10.  The  residual  precipitate  showed  no  recognizable 
change  in  its  physical  properties  and  apparently  had  not 
undergone  appreciable  hydrolysis. 

When  caused  to  separate  under  the  conditions  defined 
below  as  standard,  the  precipitate  consists  of  coarse  granules, 
which  settle  almost  at  once  and  can  be  filtered  and  washed 
very  rapidly.  After  drying  at  240°  C.  the  precipitate  did  not 
change  in  weight  appreciably  when  heated  to  1000°  C. 

When  caused  to  separate  from  solutions  containing  large 
concentrations  of  ammonium  phosphate,  an  appreciable 
amount  of  the  latter  seems  to  be  adsorbed.  The  evidence 
for  this  statement  is  the  fact  that  when  such  precipitates  were 
dried  up  to  a  temperature  of  240°  C.  the  weight  found  was 
slightly  in  excess  of  the  correct  value  and  the  precipitate  was 
decidedly  hygroscopic.  After  ignition  to  about  800  C.  the 
excess  of  weight  was  eliminated  and  the  precipitate  was  no 
longer  hygroscopic. 

In  order  to  prevent  the  simultaneous  separation  of  small 
amounts  of  basic  salts  it  was  found  necessary  that  the  solution 
should  contain  rather  large  concentrations  of  nitric  acid  and 
that  both  bismuth-  and  phosphate-containing  solutions  should 
be  heated  before  mixing.  Even  under  these  conditions  some 
of  the  precipitate  which  first  separates  is  flocculent,  but 
rapidly  becomes  granular  at  80°  C.  This  may  be  due  in  part 
at  least  to  an  aging  effect,  but  is  largely  due  to  the  presence 
of  small  amounts  of  basic  salts,  which  change  into  the  phos¬ 
phate  if  the  solution  contains  sufficient  acid  and  if  the  tem¬ 
perature  is  kept  at  80°  C.  The  evidence  for  this  statement  is 
the  fact  that,  with  barely  acid  solutions  and  at  ordinary 
temperature,  the  rate  of  change  in  the  character  of  the 
precipitate  is  less,  the  tests  for  nitrate  ion  in  the  precipitate 
disappear  more  slowly,  and  the  deficiency  in  the  total  weight 
of  precipitate  found,  in  solutions  containing  known  amounts 
of  bismuth,  is  greater. 

Best  Conditions  for  Precipitation 

In  order  to  ascertain  the  effect  of  variations  in  °J, 

procedure  a  solution  containing  20  grams  of  pure  Bi  !  NtDs-oi  2G 
and  50  cc.  of  concentrated  nitric  acid  per  liter  was  prepared  and 
standardized  bv  two  methods.  In  the  first,  50-cc.  portions  were 
evaporated  in  a  platinum  dish  and  the  residue  was  heated  cau¬ 
tiously,  and  finally  brought  to  a  temperature  sufficient  to  fuse 
the  resulting  bismuth  oxide.  The  weights  obtained  were  0.2549, 


0.2544,  and  0.2553  gram.  The  average  value  (0.2549)  corresponds 
to  0.3326  gram  of  BiP04.  The  bismuth  present  in  50-cc.  portions 
of  the  solution  was  also  determined  by  separating  as  basic  car¬ 
bonate  with  a  slight  excess  of  ammonium  bicarbonate,  digesting 
for  a  half  hour,  filtering  on  a  Gooch  crucible,  and  igniting.  The 
results  obtained  were  0.2548,  0.2541,  and  0.2546  gram.  The 
average  value  (0.2546)  corresponds  to  0.3321  gram  of  BiP04.  A 
large  number  of  preliminary  quantitative  determinations  led  to 
the  adoption  of  the  following  standard  procedure: 

The  acid  solution  of  bismuth  was  neutralized  with  ammonium 
hydroxide  until  a  slight  but  permanent  precipitate  was  produced; 
this  was  then  dissolved  in  2  cc.  of  concentrated  nitric  acid  and 
the  volume  increased  to  100  cc.  The  solution  was  heated  to  boil¬ 
ing,  50  cc.  of  0.2  M  diammonium  hydrogen  phosphate,  also  heated 
to  boiling,  were  added  slowly  during  the  course  of  about  3  minutes, 
and  the  mixture  was  kept  at  80°  C.  for  an  hour.  The  solution 
was  filtered  hot  on  a  Gooch  crucible,  washed  three  times  with 
50-cc.  portions  of  hot  water,  transferred  to  the  crucible  with  cold 
water,  dried,  and  ignited  to  dull  redness  for  a  half  hour.  The 
results  obtained  with  50-cc.  portions  of  the  standard  solution 
were  0.3319,  0.3322,  0.3317,  0.3319,  and  0.3322  gram.  The 
average  value  is  0.3321  gram. 

When  the  filtrates  from  these  determinations  were  neutral¬ 
ized  with  ammonium  hydroxide  and  allowed  to  stand  for 
24  hours,  no  recognizable  precipitate  separated,  nor  could 
bismuth  be  detected  by  means  of  the  sulfide  test.  Two 
additional  determinations,  in  which  the  solution  was  made 
neutral  towards  methyl  orange  before  the  digestion  at  80°  C., 
gave  0.3311  and  0.3319  gram. 

Effect  of  Varying  Conditions 

The  effect  of  variations  from  the  standard  conditions  given 
above  is  shown  in  Table  I. 


Table  I.  Weight  of  Bismuth  Phosphate  Found  by 
Modifying  Standard  Procedure 


Variations 


BiP04  Found 
Gram 


1.  1  instead  of  2  cc.  of  coned.  HNO3  used 

2.  4  instead  of  2  cc.  of  coned.  HNO3  used 

3.  100  instead  of  50  cc.  of  0.2  M  (NH4)2HP04  used 

4.  100  instead  of  50  cc.  of  standard  bismuth  solution 

used 

5.  10  instead  of  50  cc.  of  standard  bismuth  solution 

used 

6.  Precipitate  filtered  without  digesting  at  80  C. 

7.  Precipitate  filtered  after  digesting  and  allowing 

to  stand  16  hours 

8.  3  grams  of  KNO3  added 

9.  3  grams  of  NaNC>3  added 


0.3317  and  0.3310 
0.3327  and 0.3325 
0. 3318  andO.  3313 

0.6659  and 0.6630 

0 . 0653  and  0 . 0655 
0.3311  and  0.3322 

0.3310  and  0.3315 
0.3315  and  0.3323 
0.3321  and  0.3311 


These  results  suggest  the  following  comments:  Series  1 
and  2  show  that  IW  can  be  increased  to  unexpectedly  large 
values  (at  least  0.4  N)  without  decreasing  the  yield  of  precipi¬ 
tate.  These  findings  are  at  variance  with  the  statement  of 
Schoeller  and  Waterhouse  (1)  that  the  method  is  decidedly 
sensitive  to  variations  in  H  1 

Series  3,  4,  and  5  indicate  that  the  concentration  of  soluble 
phosphate  used  can  be  varied  within  rather  large  limits  with¬ 
out  detrimental  results.  The  authors  assume  this  to  be  due  1 
to  the  relatively  slight  solubility  of  the  precipitate  even  in 
the  presence  of  nitric  acid.  The  much  larger  concentrations 
of  soluble  phosphate  recommended  by  Schoeller  and  Water- 
house  ( 1 )  seem  unnecessary  and  result  in  a  greater  amount 
of  adsorption  of  the  precipitant  used.  They  assume  sufficient 
phosphate  must  be  added  to  reduce  H  ^  to  a  small  value  but 
the  authors  do  not  find  this  necessary.  I 

Series  6  and  7  indicate  that  the  conversion  of  the  basic 
nitrate  into  phosphate  is  usually  nearly  completed  within  a 
few  minutes,  if  the  solution  is  hot  and  contains  sufficient  H+,  i 
and  that  long  standing  does  not  appreciably  affect  the  result.  ! 
A  number  of  qualitative  experiments,  in  which  the  rate  of 
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conversion  of  basic  nitrate  into  phosphate  was  followed  by 
testing  the  precipitate  for  nitrate  ion,  indicated  the  desirability 
of  digesting  the  precipitate  for  an  hour  before  filtering. 

Series  8  and  9  indicate  but  little  error  from  occlusion  of 
potassium  and  sodium  and  the  feasibility  of  precipitating 
with  phosphate  of  potassium  or  sodium  rather  than  am¬ 
monium. 

Separation  of  Bismuth  from  Other  Ions 

The  slight  solubility  of  bismuth  phosphate  in  dilute  nitric 
acid  suggests  the  possibility  of  separating  it  from  a  number  of 
metals  with  which  it  is  frequently  associated.  Table  II  gives 
experiments  with  50-cc.  portions  of  the  standard  bismuth 
solution,  in  the  presence  of  certain  nitrates. 

Table  II.  Weight  of  Bismuth  Phosphate 

(Found  by  the  standard  procedure  in  the  presence  of  other  ions) 


Added0 

BiPCL  Found 

Gram 

Mg(N03)2 

0.3324  and  0.3317 

Zn(N03)2 

0.3311  and  0.3323 

Cd(N03)2 

0.3353  and  0.3368 

Cu(N03)2 

0.3323  and  0.3324 

Ca(N03)2 

0.3326  and  0.3341 

Pb(N03)2 

0.3770  and  0.3861 

a  1  gram  in  each  case. 

The  separation  from  cadmium  gives  a  slight  error,  probably 
due  to  occlusion,  and  separation  from  lead,  at  least  under  the 
conditions  here  suggested,  is  not  possible. 

Summary  of  Results 

Bismuth  can  be  accurately  determined  as  the  phosphate, 
if  separated  from  solutions  which  contain  neither  CU  nor 
S04  and  are  approximately  0.2  M  as  to  nitric  acid  and 
approximately  0.065  M  as  to  soluble  phosphate.  The  method 
is  accurate  in  the  presence  of  moderate  concentrations  of  Na+, 
K+,  Mg++,  Zn++,  Cu++,  and  Ca++,  gives  slightly  high  re¬ 
sults  in  the  presence  of  Cd++,  but  is  not  accurate  in  the 
presence  of  Pb++. 

The  chief  source  of  error  is  the  co-precipitation  of  basic 
salts;  this  can  be  avoided,  in  the  presence  of  sufficient  H+, 
by  precipitating  from  a  hot  solution  with  a  hot  dilute  phos¬ 
phate  solution  and  digesting  for  an  hour  at  80°  C. 

A  second  possible  source  of  error  is  the  occlusion  of  small 
amounts  of  ammonium  phosphate;  this  can  be  eliminated 
by  avoiding  large  concentrations  of  soluble  phosphate,  and 
by  igniting  the  precipitate  to  800°  C.  before  weighing. 

Literature  Cited 


Obviously  the  separation  of  bismuth  from  magnesium,  (1)  Schoeller  and  Waterhouse,  Analyst,  45,  4.30  (1920). 
zinc,  copper,  and  calcium  by  this  process  offers  no  difficulty.  Received  June  16,  1936. 
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Microdetermination  of  Carbon  and  Hydrogen 

In  Compounds  Containing  Arsenic,  Antimony,  Tin,  Bismuth,  and  Phosphorus 

F.  C.  SILBERT  AND  W.  R.  KIRNER,  Coal  Research  Laboratory,  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 


DIFFICULTIES  have  been  reported  in  the  literature  on 
the  determination  of  carbon  and  hydrogen  in  com¬ 
pounds  containing  arsenic  (10),  antimony  ( 9 ),  tin  (6),  bismuth 
(7),  and  phosphorus  (1,  2,  3,  5,  8).  In  some  cases  these  diffi¬ 
culties  can  be  successfully  overcome  by  the  addition  of  suit¬ 
able  materials — e.  g.,  lead  chromate,  red  lead,  or  copper  oxide 
—to  the  combustion  tube  filling  and  to  the  sample  in  the  boat. 
In  certain  cases  these,  and  other  subterfuges,  fail  and  some  in¬ 
vestigators  have  determined  the  carbon  only  by  a  wet-com- 
lustion  method.  In  many  cases  no  attempt  is  made  to  deter- 
nine  either  carbon  or  hydrogen,  only  the  percentage  of  the 
netallic  element  present  being  determined. 

In  connection  with  a  study  of  the  exhaustive  chlorination 
>f  coal  conducted  in  this  laboratory,  samples  which  contained 
lippreciable  quantities  of  antimony  or  phosphorus  were  sub- 
nitted  for  analysis.  Since  a  knowledge  of  the  distribution  of 
he  elements  of  the  coal  among  the  reaction  products  was  re¬ 
pined  in  this  work,  it  was  important  that  the  carbon-hydro- 
;en  content  of  the  samples  be  known  with  some  degree  of 
ccuracy.  When  the  antimony-containing  samples  were 
nalyzed  for  carbon  and  hydrogen  by  the  ordinary  mio.ro- 
irocedure  using  a  Pregl  Universal  tube  filling,  considerable 
mounts  of  a  white  crystalline  substance  (antimony  oxide) 
ondensed  in  the  constricted  end  of  the  combustion  tube  and 
a  the  capillary  and  forechamber  of  the  Dehydrite-filled  ab- 
orption  tube,  which,  of  course,  produced  an  error  in  the  hy- 
rogen  determination.  Further,  a  carbon-hydrogen  deter- 
lination  on  a  pure,  known  compound  made  directly  following 
uch  an  analysis  yielded  erroneous  results.  In  the  case  of  the 
hosphorus-containing  sample  there  was  no  visible  difficulty, 
ut  again  a  directly  succeeding  analysis  on  a  pure,  known 


compound  yielded  false  results,  so  that  no  confidence  could 
be  placed  in  the  analysis  of  the  phosphorus  compound. 

Of  the  methods  mentioned  in  the  literature,  the  modified 
Dennstedt  method  recommended  by  Falkov  and  Eaiziss  (4), 
for  the  macrodetermination  of  carbon  and  hydrogen  in  organic 
arsenicals  and  mercurials,  seemed  most  likely  to  succeed  when 
applied  to  compounds  containing  antimony  and  phosphorus. 
It  was  found  that  a  modification  of  their  method  could  be 
successfully  adapted  to  the  microanalysis  of  such  compounds. 
The  micromethod  was  first  tested  on  a  pure,  known  organic 
arsenic  compound  and  the  results  of  Falkov  and  Raiziss  were 
confirmed.  The  method  was  then  extended  to  pure,  known 
compounds  containing,  respectively,  antimony,  tin,  phos¬ 
phorus,  and  bismuth,  and  was  finally  applied  to  the  above- 
mentioned  coal  samples. 

Experimental 

The  analytical  samples,  unless  otherwise  designated,  were 
pure  compounds  obtained  from  Eastman.  The  phosphorus 
and  bismuth  compounds  were  recrystallized  from  methyl 
alcohol,  the  arsenic  and  antimony  compounds  from  ethyl 
alcohol,  and  the  tin  compound  from  ether. 

Instead  of  using  a  Dennstedt  catalytic  combustion  on  platinum 
as  recommended  by  Falkov  and  Raiziss,  a  portion  of  the  copper 
oxide-lead  chromate  filling  of  an  ordinary  Pregl  Universal  filled 
combustion  tube  was  removed  and  replaced  by  a  3-cm.  cylinder 
made  of  200-mesh  platinum  wire  gauze  filled  with  granulated  red 
lead  and  a  1-cm.  plug  made  of  platinum  wire  gauze.  The  red 
lead  was  prepared  by  igniting  Merck’s  lead  peroxide  (pro  analysi, 
granuliert  nach  Pregl),  in  a  stream  of  oxygen  in  a  microcombus¬ 
tion  tube  in  an  electric  combustion  furnace  at  the  normal  combus¬ 
tion  temperature.  To  prevent  any  red  lead  dust  from  sifting 
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Sample 

No.  Substance 


1  CisHibAs 

Triphenylarsine 


2  CisHi&Sb 

Triphenylstibine 


3  CisHisCbSb 

Triphenylstibinic  chloride® 


4  C6HB06NClSb 

2-Chloro-5-nitrophenylstibonic  aeid& 


5  CisHibP 

Triphenylphosphine 


6  C36H27O4P 

Tri-o-phenylphenyl  phosphate 


7  C18H16O3SP 

Triphenylthiophosphate 


8  CisHisBi 

Triphenylbismuthine 


9  CisHuChBi 

Triphenylbismuthine  dichloride 


10  CisHisCISn 

Triphenyltin  chloride 


Table  I.  Results  of  Analysis 


Weight  of 

, - 

- F  oun< 

d - 

Sample 

H2O 

CO2 

H 

Mg. 

Mg. 

Mg. 

% 

3.524 

1.517 

9.109 

4.82 

3.616 

1.619 

9.382 

5.01 

4.619 

2.011 

11.940 

4.87 

Mean 

=  4.90 

3.107 

1.164 

6.965 

4.19 

3.054 

1.185 

6.842 

4.34 

4.708 

1.838 

10.540 

4.37 

4.152 

1.614 

9.301 

4.35 

5.443 

2.137 

12.210 

4.39 

4.142 

1.588 

9.284 

4.29 

Mean 

=  4.32 

4.530 

1.517 

8.437 

3.75 

2.932 

0.933 

5.472 

3.56 

3.666 

1.206 

6.855 

3.68 

5.533 

1.726 

10.360 

3.49 

3.580 

1.181 

6.675 

3.69 

2.920 

0.955 

5.471 

3.66 

3.677 

1.188 

6.875 

3.62 

4.573 

1.523 

8.493 

3.73 

3.920 

1.282 

7.298 

3.66 

Mean 

=  3.65 

3.934 

0.540 

3.183 

1.54 

4.119 

0.657 

3.356 

1.78 

3.987 

0.557 

3.204 

1.56 

4.678 

0.700 

3.745 

1.67 

5.081 

0.847 

4.085 

1.87 

3.108 

0.441 

2.509 

1.59 

3.517 

0.517 

2.826 

1 . 65 

3.570 

0.532 

2.865 

1.67 

Mean 

=  1.67 

4.280 

2.245 

12.950 

5.87 

3.511 

1.820 

10.604 

5.80 

3.560 

1.848 

10.770 

5.81 

Mean 

=  5.83 

3.531 

1.579 

10.097 

5.00 

3.473 

1.546 

9.920 

4.98 

Mean 

=  4.99 

3.291 

1.324 

7.626 

4.50 

4.275 

1.734 

9.915 

4 . 54 

3.553 

1.374 

8.240 

4.33 

Mean 

=  4.46 

3.804 

1.257 

6.866 

3.70 

3.674 

1.176 

6.627 

3.58 

Mean 

=  3.64 

4.372 

1.196 

6.730 

3.06 

5.756 

1.567 

8.876 

3.05 

5.191 

1.430 

8.049 

3.08 

Mean 

=  3.06 

3.527 

1.261 

7.275 

4.00 

3.521 

1.291 

7.251 

4.10 

Mean 

=  4.05 

Difference 


from  T 

heory 

C 

H 

c 

Metal 

% 

% 

% 

% 

70.50 

-0.12 

-0.08 

24.48  As 

70.76 

+0.07 

+0.18 

24.48  As 

70.50 

-0.07 

-0.08 

24.48  As 

70.59 

-0.04 

+0.01 

61.14 

-0.10 

-0.07 

34.51  Sb 

61.11 

+0.05 

-0.10 

34.51  Sb 

61.06 

+0.08 

-0.15 

34.51  Sb 

61.10 

+0.06 

-0.11 

34.51  Sb 

61.18 

+0.10 

-0.03 

34.51  Sb 

61.13 

0.00 

-0.08 

34.51  Sb 

61.12 

+0.03 

-0.09 

50.80 

+0.18 

-0.17 

28.73  Sb 

50.90 

-0.01 

-0.07 

28.73  Sb 

51.00 

+  0.11 

+0.03 

28.73  Sb 

51.07 

-0.08 

+0.10 

28.73  Sb 

50.85 

+0.12 

-0.12 

28.73  Sb 

51.10 

+0.09 

+0.13 

28.73  Sb 

50.99 

+0.05 

+0.02 

28.73  Sb 

50.65 

+0.16 

-0.32 

28.73  Sb 

50.77 

+0.09 

-0.20 

28.73  Sb 

50.90 

+0.08 

-0.07 

22.07 

0.00 

+0.14 

37.09  Sb 

22.22 

+  0.24 

+  0.29 

37.09  Sb 

21.92 

+  0.02 

-0.01 

37 . 09  Sb 

21.83 

+0.13 

-0.10 

37.09  Sb 

21.93 

+0.33 

0.00 

37 . 09  Sb 

22.02 

+  0.05 

+0.09 

37.09  Sb 

21.91 

+0.11 

-0.02 

37.09  Sb 

21.89 

+0.13 

-0.04 

37.09  Sb 

21.97 

+0.13 

+0.04 

82.52 

+0.10 

+0.12 

11.83  P 

82.37 

+  0.03 

-0.03 

11.83  P 

82.51 

+0.04 

+0.11 

11.83  P 

82.47 

+0.06 

+0.07 

77.99 

+0.09 

+0.04 

5.60  P 

77.90 

+0.07 

-0.05 

5.60  P 

77.95 

+0.08 

0.00 

63.20 

+0.08 

+0.08 

9.C7  P 

63.25 

+0.12 

+0.13 

9.07  P 

63.25 

-0.09 

+0.13 

9.07  P 

63.23 

+0.04 

+0.11 

49.23 

+0.26 

+0.15 

47.49  Bi 

49.19 

+0.14 

+0.11 

47.49  Bi 

49.21 

+0.20 

+0.13 

41.98 

+0.10 

-0.29 

40.90  Bi 

42.06 

+0.09 

-0.21 

40.90  Bi 

42.29 

+0.12 

+0.02 

40.90  Bi 

42.11 

+0.10 

-0.16 

56.25 

+0.08 

+0.19 

30.81  Sn 

56.16 

+0.18 

+0.10 

30.81  Sn 

56.21 

+0.13 

+0.15 

<* *  Prepared  in  this  laboratory  by  J.  F.  Weiler. 

&  Kindly  supplied  through  the  courtesy  of  C.  S.  Hamilton  of  the  University  of  Nebraska. 


through  the  platinum  gauze,  a  thin  layer  of  asbestos  lined  the 
entire  inner  surface  of  the  cylinder,  including  the  ends.  This 
snug-fitting  cylinder  ensured  more  intimate  contact  of  the  com¬ 
bustion  gases  with  the  red  lead  than  if  the  latter  was  merely 
placed  in  a  boat,  as  recommended  by  Falkov  and  Raiziss.  The 
details  of  the  filling  are  illustrated  in  Figure  1. 

The  samples  were  burned  by  the  usual  procedure,  the  water 
formed  being  absorbed  on  Dehydrite  and  the  carbon  dioxide 
on  Ascarite.  In  the  case  of  the  phosphorus  compounds  a 
carbonaceous  deposit  formed  on  the  inner  surface  of  the  com¬ 
bustion  tube  just  adjacent  to  where  it  entered  the  electric 
combustion  furnace;  in  order  to  remove  this  carbon  quanti- 


ELECTRIC  COMBUSTION  FURNACE 


tatively  the  combustion  tube  had  to  be  strongly  heated  on  all 
sides  with  a  bare  Bunsen  flame.  The  antimony,  bismuth,  and 
tin  compounds  left  a  white  deposit  (antimony,  bismuth,  and 
tin  oxides)  on  the  inner  surface  of  the  combustion  tube  which 
could  not  be  removed  even  on  strong  heating.  In  the  case  of 
the  antimony  compounds  especially,  it  was  observed  that  some 


of  the  compound  distilled  into  the  portion  of  the  combustion 
tube  surrounded  by  the  heated  furnace  while  a  portion  re¬ 
mained  outside;  the  latter,  on  being  subjected  to  the  heat 
from  the  Bunsen  burner,  decomposed  leaving  a  residue  on  the 
inner  glass  surface.  That  material  which  distilled  into  the 
combustion  tube  suffered  thermal  decomposition  and  the  an¬ 
timony  oxide  was  absorbed  by  the  platinum-red  lead  filling, 
apparently  forming  lead  antimonate.  In  no  case,  when  using 
this  filling,  was  any  deposit  of  crystalline  material  observed 
in  the  constricted  end  of  the  combustion  tube  or  in  the  capil¬ 
lary  or  forechamber  of  the  water-absorption  tube.  After  a 
number  of  such  antimony-containing  samples  had 
been  burned  it  was  noticed  that  the  platinum  ac¬ 
quired  a  definite  bluish  iridescence  and  the  surface 
of  the  red  lead  granules  was  coated  with  a  yellow 
incrustation.  After  analysis  of  some  of  the  other 
compounds,  the  red  lead  was  also  partially  cov¬ 
ered  with  a  grayish  metallic  looking  coating. 

•  Results 

The  results  of  the  analysis  of  these  compounds  are  summa¬ 
rized  in  Table  I. 

The  carbon-hydrogen  values  on  the  arsenic,  antimony,  and 
phosphorus  compounds  are  accurate  to  about  0.1  per  cent  and 
the  bismuth  and  tin  compounds  to  about  0.2  per  cent.  Cal¬ 
culation  of  the  observed  and  theoretical  carbon-hydrogen 


Figure  1.  Combustion  Tube  Filling 
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ratios  for  all  these  substances  revealed  that,  if  this  observed 
ratio  (for  the  Cis  compounds)  was  not  in  error  by  more  than 
about  3  per  cent,  the  correct  number  of  hydrogen  atoms  were 
obtained  by  calculation,  assuming  the  theoretical  number  of 
carbon  atoms  to  be  present.  With  errors  greater  than  3  per 
cent,  however,  the  number  of  hydrogen  atoms  calculated 
would  be  in  error  by  one  unit;  such  was  the  case  for  samples 
8  and  9.  In  the  case  of  the  C6  compound  the  error  in  the  car¬ 
bon-hydrogen  ratio  can  be  three  times  larger  without  making 
the  error  in  the  calculation  of  the  number  of  hydrogen  atoms 
any  greater. 

Summary 

1.  The  determination  of  carbon  and  hydrogen  in  com¬ 
pounds  containing  arsenic,  antimony,  tin,  phosphorus,  and 
bismuth  using  the  ordinary  Liebig  or  Pregl  procedure  is  ex¬ 
tremely  difficult  or  even  impossible. 

2.  By  a  modification  of  the  Falkov-Raiziss  macromethod, 
the  microdetermination  of  carbon  and  hydrogen  in  the  above 
compounds  can  be  successfully  performed.  The  important 


feature  of  the  method  consists  in  the  introduction  of  a  layer 
of  platinum  gauze  and  of  red  lead  as  an  integral  part  of  the 
combustion  tube  filling  to  remove  metallic  oxides  which  other¬ 
wise  vitiate  the  results. 

3.  The  results  on  the  arsenic,  antimony,  and  phosphorus 
compounds  are  accurate  to  about  0.1  per  cent  and  on  the  bis¬ 
muth  and  tin  compounds  to  about  0.2  per  cent. 
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Determination  of  Neutral  Equivalents 
of  Higher  Fatty  Acids 

R.  B.  SANDIN,  M.  KULKA,  AND  D.  W.  WOOLLEY,1  University  of  Alberta,  Edmonton,  Alberta,  Canada 


T  N  CONNECTION  with  studies  of  certain  binary  systems 
A  of  the  higher  fatty  acids  and  with  studies  of  synthetic 
,fats  (6),  it  was  felt  that  improvements  might  be  made  in  the 
ordinary  method  for  determining  the  neutral  equivalent  of  a 
higher  fatty  acid.  The  customary  procedure  is  to  dissolve  a 
given  weight  of  the  fatty  acid  in  enough  alcohol,  neutral  to 
phenolphthalein,  to  make  the  alcohol  content  at  least  50  per 
-  cent  at  the  end  of  the  titration.  The  alcoholic  solution  is  then 
titrated  with  aqueous  alkali,  phenolphthalein  being  the  in- 
■  dicator.  The  authors  have  found  through  considerable 
.experience  that,  in  spite  of  the  apparent  simplicity  of  the  pro¬ 
cedure,  to  get  reproducible  and  accurate  results  requires 
considerable  skill. 

Bishop,  Kittredge,  and  Hildebrand  (1)  have  called  atten¬ 
tion  to  the  fact  that  the  use  of  alcohol  as  a  solvent  in  acid- 
base  titrations  may  be  advantageous  for  two  reasons:  Its 
solvent  power  for  certain  substances,  such  as  the  fatty  acids, 
which  are  not  soluble  in  water;  and  the  somewhat  greater 
sharpness  of  the  end  points  obtainable  (S).  With  this  view 
in  mind,  Hildebrand  and  co-workers  ( 1 )  have  prepared  an 
indicator  scale  for  alcoholic  solutions  similar  to  those  in  com¬ 
mon  use  for  aqueous  solutions.  They  have  shown  that  pal¬ 
mitic  acid,  for  example,  is  neutralized  by  sodium  ethylate  at 
ibout  0.8  volt,  so  that  thymolphthalein  should  change  color 
close  to  the  true  end  point.  Kolthoff  and  Furman  (4)  have 
also  pointed  out  that  alcohol  lowers  the  dissociation  constants 
}f  both  weak  acids  and  indicators.  In  addition,  the  ion  pred¬ 
ict  of  water  is  much  smaller  with  increasing  alcohol  content. 

The  method  for  determining  the  neutral  equivalent  of  a 
atty  acid  of  high  molecular  weight,  described  in  this  paper, 
nvolves  titrating  the  acid  in  absolute  alcohol  solution,  with 
iodium  ethylate  as  the  base,  using  thymolphthalein  as  the 
ndicator,  as  suggested  by  Hildebrand.  The  advantage  of  a 
wo-color  indicator  is  obvious,  and  a  combination  of  methyl 

f>range  and  thymolphthalein  has  been  found  to  be  a  distinct 
idvantage.  The  color  change  is  from  yellow  to  green  and  is 
eery  readily  detected.  To  make  the  end  point  even  more 

■ 

t  1  Present  address,  1717  University  Ave.,  Madison,  Wis. 


readily  determined,  the  titration  is  performed  in  a  Nessler  tube. 
Finally,  the  primary  acid  standard,  which  has  been  found  to 
be  very  satisfactory,  is  a  highly  purified  grade  of  stearic  acid. 

Reagents  and  Apparatus 

The  purification  of  the  alcohol  and  the  preparation  of  the 
sodium  ethylate  (0.05  N)  were  carried  out  according  to 
Bishop,  Kittredge,  and  Hildebrand  ( 1 ). 

The  sodium  ethylate  was  stored  in  a  flask  under  an  atmosphere 
of  purified  hydrogen  furnished  by  a  Kipp  generator.  The 
sodium  ethylate  solution  was  delivered  to  a  10-ce.  buret,  divided 
into  0.05  cc.,  attached  to  the  flask  in  such  a  way  that  the  solution 
was  forced  over  by  the  hydrogen  pressure.  By  maintaining  a 
constant  positive  pressure  of  hydrogen  in  the  main  reservoir,  the 
ethylate  solution  could  be  kept  colorless  for  several  weeks  at  a 
time.  The  titration  was  performed  in  a  50-cc.  Nessler  tube 
(about  16  cm.  internal  diameter)  set  in  a  wooden  rack  finished  in 
dull  black  and  fitted  with  an  opal  glass  reflector  set  at  an  angle 
at  the  bottom.  Stirring  could  be  carried  out  by  bubbling  tank 
nitrogen  through  the  solution,  or,  because  of  the  small  area  of 
solution  exposed  to  the  air,  with  a  ring  stirrer  made  from  glass 
rodding. 

The  sodium  ethylate  was  standardized  against  pure  stearic 
acid.  To  obtain  a  stearic  acid  sufficiently  pure  for  this  purpose, 
Eastman  Kodak  Company  stearic  acid  of  melting  point  69°  to 
70°  C.  was  crystallized  from  acetone  until  a  constant  capillary 
melting  point  of  69.6°  to  69.8°  C.  (5)  was  obtained.  It  was  then 
dried  in  vacuo  over  sulfuric  acid  in  an  Abderhalden  drier  ( 2 )  and 
at  the  temperature  of  boiling  water.  The  remaining  fatty  acids 
used  in  the  experimental  work  were  Eastman  products,  purified 
by  repeated  crystallization  from  acetone  and  dried  in  the  same 
way  as  the  stearic  acid.  The  palmitic  acid  had  a  melting  point 
of  62.4°  to  62.7°  C.,  myristic  acid  54.4°  to  54.8°  C.,  and  lauric 
acid  44.1°  to  44.3°  C.  The  thymolphthalein  indicator  solution 
was  made  by  dissolving  0.5  gram  of  the  indicator  in  100  cc.  of 
alcohol.  The  methyl  orange  solution  was  made  by  dissolving 
0.2  gram  of  the  dye  in  1  liter  of  water. 

Procedure 

Weigh  into  a  Nessler  tube  not  over  0.15  gram  (a  quantity  which 
will  require  from  9  to  10  cc.  of  0.05  N  sodium  ethylate  solution) 
of  the  fatty  acid.  Add  10  cc.  of  the  purified  alcohol,  taking  care 
to  wash  down  any  particles  of  fatty  acid  clinging  to  the  walls  of 
the  tube.  Add  5  drops  of  thymolphthalein  indicator  and  3 
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Table  I.  Neutral  Equivalents  of  Fatty  Acids 

Semi-micromethod 


Calcd. 

Found 

Calcd. 

Found 

Palmitic  acid 

256.3 

256.5 

256.3 

255 

256.8 

256 

Laurie  acid 

200.2 

200.2 

200.2 

200 

200.0 

201 

199 

Myristic  acid 

228.2 

227.7 

228.2 

229 

228.0 

227 

227 

drops  of  methyl  orange.  Heat  the  tube  in  water  at  65°  C.  to 
ensure  complete  solution  of  the  fatty  acid,  and  titrate  the  acid 
with  the  standard  ethylate  solution.  Use  a  ring  stirrer  and  near 
the  end  point  stir  vigorously  after  each  drop.  Take  the  first 
appearance  of  green  as  the  end  point;  it  is  quite  distinct.  Use  a 
control  tube  containing  20  cc.  of  alcohol  and  3  drops  of  methyl 
orange.  Carry  out  a  blank  determination  on  10  cc.  of  alcohol 
and  subtract  this  value  from  the  actual  run.  Standardize  the 
sodium  ethylate  against  pure  stearic  acid  in  a  similar  manner. 


A  few  typical  analyses,  listed  in  Table  I,  indicate  the  real 
value  of  the  method.  Results  which  were  carried  out  on  a 
semi-microscale,  using  not  more  than  50  mg.  of  fatty  acid 
and  0.017  N  sodium  ethylate,  are  also  included. 
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Determination  of  Ferrocyanide  Ion  by  Means  of 

Luteocobaltammine  Chloride 

WALTER  A.  HYNES,  MICHAEL  G.  MALKO,  AND  LEO  K.  YANOWSKI,  Fordham  University,  New  York,  N.  Y. 


WILLIAMS  (19)  listed  several  procedures  for  the  esti¬ 
mation  of  ferrocyanides.  Of  these,  his  own  method 
(20)  seems  to  be  the  most  accurate  of  the  processes  proposed 
up  to  that  time.  Hurter  (10),  Knublauch  (11),  and  Zalo- 
ziecki  (21),  recommending  titration  with  zinc  and  copper  salts, 
were  adversely  criticized  by  several  analysts,  including  Col- 
man  (3)  and  Lunge  (13),  the  latter  claiming  that  only  79  to 
85  per  cent  of  the  ferrocyanide  content  determinable  by 
precipitation  as  Prussian  blue  could  be  obtained  by  this  proc¬ 
ess,  while  Leeds  (12)  claimed  that  precipitated  Prussian  blue 
always  gives  results  which  are  too  low  when  ignited  to  the 
oxides.  Skirrow  (16)  unfavorably  criticized  Feld  (7)  for  his 
use  of  magnesium  and  mercury  salts,  but  Colman  (4)  de¬ 
fended  the  use  of  Feld’s  procedure  and  challenged  Skirrow’s 
analytical  results. 

The  method  proposed  here  is  of  approximately  the  same 
accuracy  as  that  of  Williams  (20),  which  requires  slightly 
less  than  2  hours  for  completion,  and  which  demands  the 
attention  of  the  operator  continuously  during  the  course  of 
the  analysis.  In  addition,  the  end  point  obtained  on  titrat¬ 
ing  the  cyanide  with  silver  nitrate  (the  first  appearance  of  a 
permanent  opalescence)  is  somewhat  unsatisfactory  and  re¬ 
quires  considerable  practice  on  the  part  of  the  analyst  until 
he  becomes  familiar  with  its  appearance  under  varying  condi¬ 
tions — viz.,  fight,  background,  etc. 

A  number  of  oxidimetric  methods  for  the  determination  of 
the  ferrocyanide  present  in  both  pure  salts  and  gas-furnace 
residues  have  been  proposed.  These  methods  involve  oxida¬ 
tion  of  the  ferrocyanide  by  means  of  potassium  permanganate 
(18),  potassium  dichromate,  ammonium  persulfate,  potassium 
bromate,  and  ceric  sulfate.  Some  of  these  are  strictly  volu¬ 
metric,  while  others  are  potentiometric  in  nature.  The 
latest,  involving  potentiometric  titration  with  ceric  sulfate, 
was  found  accurate  and  ideal  for  routine  analysis  (8),  but  the 
other  oxidimetric  methods  seem  to  have  as  many  critics  as 
they  have  proponents  and  defenders.  Hence,  they  were  not 
considered  as  controls  in  this  work. 

Luteocobaltammine  chloride,  [Co(NH3)6]Cl3,  is  prepared 


according  to  Biltz,  Hall,  and  Blanchard  (1),  recrystalfized, 
and  dried  to  constant  weight,  the  purity  of  the  compound 
being  then  established  by  gravimetric  determination  of  the 
chloride  ion. 

The  luteo  salt  reacts  with  ferrocyanide  ion  in  neutral 
aqueous  solutions  to  form  luteocobaltammine  ferrocyanide, 
[Co(NH3)6]4[Fe(CN)6]3,  first  reported  by  Gibbs  and  Genth 
(9),  and  later  by  Braun  (2).  Ephraim  and  Mosimann  (5) 
also  prepared  this  compound,  and  Steinmetz  (17)  studied  its 
crystallographic  properties.  These  authors  state  that  the 
compound  is  difficult  to  analyze  because  of  the  presence  of 
adherent  moisture,  and  for  this  reason  recommend  either 
ignition  to  oxides  of  the  metals  present  followed  by  reduc¬ 
tion  to  the  free  metals,  or  decomposition  of  the  compound 
with  concentrated  sulfuric  acid  followed  by  gravimetric 
determination  of  the  sulfates.  Ml  agree  that  the  substance 
is  almost  insoluble  in  water.  Steinmetz  specifically  states 
that  it  is  markedly  more  soluble  in  hot  water,  from  which  it 
does  not  separate  unchanged,  and  that  it  is  rather  easily 
soluble  in  warm  20  per  cent  ammonium  chloride  solution, 
from  which  crystals  of  measurable  size  separate.  Measur¬ 
able  crystals  also  form  from  solutions  in  dilute  hydrochloric 
acid,  provided  the  concentration  of  the  acid  is  not  increased 
by  evaporation.  The  authors  have  found,  as  was  to  be 
expected,  that  the  compound  is  also  insoluble  in  organic 
solvents. 

No  data  can  be  found  in  the  literature  as  regards  the  actual 
solubility  of  the  luteocobaltammine  ferrocyanide,  and  the 
authors’  attempts  to  determine  the  solubility  of  this  salt 
have  not  been  successful,  probably  because  of  decomposi¬ 
tion  of  the  suspended  salt  in  pure  water  at  20°  C.  The  results 
obtained  varied  between  52  and  66  mg.  per  liter.  The 
suspension  tends  to  become  olive-green  after  agitation  with 
water  for  2  hours,  the  color  deepening  as  time  goes  on, 
until  at  the  end  of  a  week  a  greenish  sediment  appears  mixed 
with  some  of  the  original  material.  This  was  not  analyzed 
because  of  difficulty  of  separating  the  two  substances. 

It  was  found  impossible  to  use  the  hexamminocobaltic 
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ferrocyanide  as  a  gravimetric  determinant  for  ferrocyanide 
ion,  because  of  its  instability  as  shown  by  the  following  ex¬ 
periments:  On  exposure  to  acidic  drying  agents — e.  g., 
phosphorus  pentoxide  or  concentrated  sulfuric  acid — de¬ 
composition  occurred.  At  the  temperature  of  boiling  ether 
in  an  Abderhalden  drier,  approximately  72  hours  were  re¬ 
quired  for  this  decomposition.  The  result  was  a  tan-colored 
product  from  which  the  original  compound  could  be  regener¬ 
ated  by  exposure  to  ammonia  vapors.  At  the  temperature 
of  boding  water,  a  dark-brown,  almost  black,  substance  was 
obtained  in  48  hours,  from  which  the  original  salt  could  not  be 
regenerated  on  exposure  to  ammonia  fumes.  Further  work 
is  in  progress  on  these  decomposition  products. 

Under  the  conditions  prevailing  during  the  determination 
of  ferrocyanide  ion  by  this  procedure,  of  the  commoner  anions 
only  chromate,  dichromate,  and  metavanadate  ions  interfere. 
Parks  (14)  and  Parks  and  Prebluda  (15),  in  fact,  suggest  the 
i  use  of  this  reagent  for  gravimetric  quantitative  determina¬ 
tion  of  vanadium.  Ferricyanide  ion,  contrary  to  the  state¬ 
ments  found  in  the  literature,  did  not  precipitate  under  these 
conditions,  and,  as  was  pointed  out  to  the  authors  (in  a  pri¬ 
vate  communication  from  V.  K.  LaMer,  who  stated  that  he 
had  suggested  use  of  such  complex  salts  as  qualitative  and 
quantitative  reagents  some  years  ago),  this  may  have  been 
due  to  relatively  high  concentrations  of  the  anions  or  to  the 
;  order  of  addition  of  the  reagent  and  test  solutions,  although 
this  latter  consideration  seemed  of  no  influence  in  the  case  of 
the  ferrocyanide. 

Quantitative  Procedure 

Salt  used:  crystalline  potassium  ferrocyanide. 

Reagent:  0.15  M  aqueous  solution  of  hexamminocobaltic 
chloride. 

Method.  Weigh  out  0.1  to  0.2  gram  of  the  ferrocyanide  in  a 
125-ml.  beaker,  and  dissolve  the  sample  in  15  to  20  ml.  of  water. 
To  this  solution  add  sufficient  reagent  to  assure  complete  pre¬ 
cipitation.  Allow  the  precipitate  to  settle  and  filter  through  a 
Gooch  crucible  which  has  been  ignited  to  constant  weight.  Wash 
thoroughly  with  ice  water  (distilled  water  kept  in  the  refrigera¬ 
tor  will  suffice  for  this  purpose)  to  remove  excess  reagent.  The 
washing  may  be  considered  complete  when  the  filtrate  is  no 
V longer  colored.  Care  must  be  taken  to  use  the  minimum  amount 
■if  wash  water,  as  an  excess  tends  to  lower  the  results. 

Dry  the  crucible  in  an  oven  at  100°  to  110°  C.  for  0.5  hour. 
Ignite  slowly  over  a  Bunsen  burner  until  the  entire  mass  in  the 
crucible  has  ceased  to  glow.  Then  ignite  strongly  for  about  30 
minutes  over  a  Meker-type  burner.  On  ignition  over  the  Bun¬ 
sen  burner,  ammonia  and  hydrocyanic  acid  gases  can  be  readily 
letected.  Cool  and  weigh. 

The  computations  in  Table  I  are  based  on  the  assump¬ 
tion  that  the  precipitate  is  [Co(NH3)6]4[Fe(CN)6]3.  Thus, 
rom  18  K4Fe(CN)6-3H20  the  ignited  precipitate  contains 
3  C03O4  -f-  9  Fe203. 

In  this  determination,  the  amount  of  ferrocyanide  ion  re¬ 
naming  in  the  filtrate  and  appearing  in  wash  water  has  been 
ound  insufficient  to  react  directly  with  ferric  chloride  and 
lydrochloric  acid  to  give  Prussian  blue.  On  prolonged 
wiling  with  concentrated  sulfuric  acid,  ferric  hydroxide  could 
lot  be  precipitated  in  the  acid  liquid  on  treating  with  excess 
tmmonium  hydroxide. 

From  the  mixed  ignited  oxides  it  was  calculated  that 


Co:Fe  =  1:0.7028.  On  determining  the  iron  by  Rothe's 
ether  method  followed  by  Zimmermann-Reinhardt  deter¬ 
mination,  it  was  found  that  Co:Fe  =  1:0.6838.  Fales  (6) 
states  that  this  method  is  slightly  low  for  iron.  From 
Co24Fei8059,  iron  should  be  theoretically  41.12  per  cent  and  on 
reducing  the  ignited  metals  with  hydrogen  an  average  of 
40.61  per  cent  of  iron  was  found. 


Table  I.  Determination  of  Ferrocyanide  Ion 


No. 

Sample 

Oxides 

Fe(CN)6 

Calcd.  Found 

Recovery 

Difference 

Gram 

Gram 

Gram 

Gram 

% 

% 

1 

0 . 1043 

0.0461 

0.05232 

0.05227 

99.90 

-0.10 

2 

0.1007 

0.0442 

0 . 05052 

0.05012 

99.21 

-0.79 

3 

0.1180 

0 . 0520 

0 . 05920 

0  05896 

99.60 

-0.40 

4 

0.1222 

0 . 0539 

0.06130 

0.06112 

99.70 

-0.30 

5 

0.1097 

0 . 0485 

0.05500 

0 . 05500 

100.00 

0.00 

6 

0.1783 

0 . 0783 

0.08945 

0.08878 

99.25 

-0.75 

7 

0.1547 

0.0681 

0.07760 

0.07722 

99.51 

-0.49 

8 

0.1133 

0 . 0500 

0 . 05680 

0.05670 

99.82 

-0.18 

9 

0.1565 

0 . 0692 

0.07850 

0.07847 

99.96 

-0.04 

10 

0.1846 

0  0814 

0.09261 

0.09230 

99.66 

-0.34 

Av.  99.66 


Conclusions 

Luteocobaltammine  chloride  may  be  used  as  a  quantitative 
precipitant  for  the  ferrocyanide  ion,  in  the  absence  of  chro¬ 
mate,  dichromate,  and  metavanadate  ions. 

Results  compare  favorably  with  standard  methods. 

This  method  does  not  require  much  skill  on  the  part  of  the 
operator,  nor  is  his  attention  required  except  during  the 
actual  precipitation,  filtration,  and  first  stage  of  the  ignition, 
a  total  of  approximately  25  minutes. 
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Approach  towards  the  Limit  in  the  Process 

of  Extraction 


CARROLL  W.  GRIFFIN  AND  MARGARETHA  VON  SAAF,1  Vassar  College,  Poughkeepsie,  N.  Y. 


IN  AN  EARLIER  paper  (2)  it  was  shown  that  for  the  proc¬ 
ess  of  extraction  the  formula 

-  *•  [k/fztJ  (1) 

where  W  =  cc.  of  solution 
X0  =  grams  of  solute 
L  =  total  cc.  of  extracting  solvent 
K  =  distribution  ratio  of  the  solute  for  the  two  solvents 
X„  =  grams  of  solute  remaining  unextracted  after  the 
nth  extraction 

may  be  employed  to  calculate  the  amount  of  solute  which  may 
be  expected  after  a  given  number  of  operations  (the  number  of 
operations  being  varied  by  dividing  the  L  cc.  of  extractant 
into  L/2,  L/3  ....  or  L/n  cc.  portions  where  2,  3  ....  or  n 
extractions  are  to  be  made);  and  the  limit  of  Xn/Xo  as  n 
approaches  infinity  was  found  to  have  the  value  e~L  ,KW . 

The  object  of  the  present  study  has  been  to  learn  just  how 
closely  the  experimental  results  follow  the  theoretical  path 
for  the  approach  of  Xn/Xo  towards  its  limit,  e  L/KWt  as  n 
takes  on  increasing  values.  In  three  of  the  four  cases  studied 
little  or  no  disturbance  from  such  influence  as  dissociation  or 
association  occurs.  In  one  case,  where  acetic  acid  was 
used  as  the  distributed  substance,  the  results, uncorrected 
for  such  disturbance,  are  in  good  agreement  with  the  theo¬ 
retical. 

The  procedure  in  the  four  cases  investigated  was  first  to 
select  suitable  values  for  L,  IF,  and  X0.  These  quantities 
were  chosen  so  that  the  concentrations  of  the  solute  in  the 
two  solvents  would  approximate  initially  the  conditions 
used  by  previous  workers  in  their  determinations  of  K,  the 
distribution  constant.  Of  course  the  concentration  of  the 
solute  diminishes  rapidly  with  each  extraction;  this  is  only 
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Figure  1.  Extraction  of  Boric  Acid  from  Isoamyl 
Alcohol  with  Water 

W,  100  ce. 

L,  100  cc. 

Xo,  1.5  grams 


one  reason  why  the  experimental  path  of  Xn/X0  plotted 
against  n  might  not  coincide  with  the  calculated  curve.  (An¬ 
other  reason  would  be,  as  Hill,  6,  points  out  in  connection 
with  constancy  of  K,  the  slight  solubility  of  one  liquid  phase 
in  the  other.  In  one  case  in  the  present  study  this  factor 
caused  a  rather  wide  divergence  between  the  observed  and  the 
calculated  curve.) 

After  dissolving  the  solute  in  the  W  cc.  of  solvent  one  portion 
of  L  cc.  of  extracting  liquid  was  added  and  the  mixture  shaken 
in  a  separatory  funnel  placed  in  a  water  bath  kept  at  a  tempera¬ 
ture  of  25.0  ±  0.02°  C.  In  general  the  mixture  remained  in  the 
thermostat  one  day  and  was  then  removed,  and  the  layers  were 
separated  and  analyzed.  The  first  experiment,  using  L  cc.  of 
extractant,  was  in  every  case  to  check  the  value  of  K  as  found  by 
previous  investigators.  If  the  result  confirmed  the  value  of  K 
found  in  the  literature,  it  was  assumed  that  sufficient  time  had 
elapsed  for  attainment  of  equilibrium,  but  as  an  additional 
check  upon  this  point  the  solute  was  frequently  dissolved  initially 
in  the  L  cc.  of  the  one  solvent  instead  of  in  the  W  cc.  of  the  other 
before  mixing  the  two. 

After  the  first  rim,  others  followed  which  differed  from  the 
first  only  in  that  L/n  cc.  of  extracting  liquid  were  used  in  n  suc¬ 
cessive  portions,  the  second  portion  replacing  the  first  after 
the  first  had  reached  equilibrium  with  the  W  cc.  of  original  solu¬ 
tion,  and  so  on.  Analysis  was  finally  made  to  determine  X„, 
the  amount  of  distributed  substance  remaining  unextracted. 
Furthermore,  the  total  amount  of  solute — i.  e.,  that  in  the  W  cc. 
and  in,  for  example,  the  two  L/ 2-cc.  portions  of  extractant — 
was  determined  as  a  check  against  the  weight,  Xo,  originally 
taken. 

In  the  figures  the  theoretical  curve  for  Xn/X0  against  n 
has  been  plotted  in  each  case  by  calculating  sufficient  points 
for  Xn/Xo  from  Formula  1.  The  limiting  value  for  Xn/Xo 
as  n  — >  +  (shown  by  broken  curves  in  the  figures)  has 
been  computed  from  the  constant  e~L  /KW. 

The  points  designated  in  the  figures  by  circles  represent 
the  experimental  values  as  obtained  by  analysis  for  Xi/Xo, 
X2/X0,  X3/X0,  etc.  The  extent  by  which  these  fail  to  fall 


Figure  2.  Extraction  of  Iodine  from  Water  with 
Carbon  Tetrachloride 
if,  1000  cc. 

L,  24  cc. 

Xo,  0.1  gram 
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Figure  3.  Extraction  of  Iodine  from  Ether  with  Ethyl¬ 
ene  Glycol 

W,  200  co. 

L,  200  cc. 

Xo,  0.4  gram 

upon  the  theoretical  curve  therefore  represents  the  departure 
of  the  experimental  facts  from  the  theoretical. 

Xo  was  always  weighed  to  0.1  mg.  and  volumes  in  titra¬ 
tions  were  read  to  0.01  cc.  It  is  therefore  believed  that  the 
precision  of  the  experiments  was  limited  by  the  values  of  K 
which  were  employed  in  the  calculations  with  three  sig¬ 
nificant  figures. 

The  chemicals  used  were  c.  p.  products  from  the  Eastman 
Kodak  Company  and  Merck  and  Co.  They  purposely  were 
not  further  purified,  since  a  higher  purity  would  be  impracti¬ 
cable  in  large-scale  operations. 

In  every  case  the  standard  solutions  used  in  making  analy¬ 
ses  were  standardized  against  the  substance  used  as  the  dis¬ 
tributed  solute. 

Extraction  of  Boric  Acid  from  Isoamyl  Alcohol 

with  Water 

Abegg,  Fox,  and  Hertz  ( 1 )  found  the  value  of  the  dis¬ 
tribution  constant  for  this  system  to  range,  for  varying  con¬ 
centrations,  from  3.47  to  3.27  (concentration  in  water/concen¬ 
tration  in  alcohol).  The  results  of  the  present  work  gave  a 
value  of  3.15.  The  reciprocal,  1/3.15,  was  employed  in  the 
authors’  calculations  since  in  Formula  1  K  must  be  defined 
as  concentration  in  original  solution/concentration  in  extract¬ 
ing  phase. 

Boric  acid  was  determined  by  titrating  the  water  and  the 
alcohol  phases  with  standard  sodium  hydroxide  solution. 
Glycerol  was  employed  instead  of  mannitol,  and  phenol- 
iphthalein  was  used  as  the  indicator. 

As  shown  in  Figure  1,  six  points  were  secured  in  this  case 
with  a  maximum  value  of  10  for  n.  The  experimental  points 
are  in  very  good  agreement  with  the  theoretical  curve  and 
with  n  —  10,  over  93  per  cent  of  the  boric  acid  has  been  ex¬ 
tracted  from  the  alcohol. 

Extraction  of  Iodine  from  Water  with  Carbon 
T  etra  chloride 

Jakowkin  (/)  found  the  distribution  constant  for  this  sys- 
i  Dem  to  range  for  a  fivefold  variation  in  concentration  from 
37.9  to  85.8.  The  determination  of  K  in  this  work  yielded  a 


Figure  4.  Extraction  of  Acetic  Acid  from  Isoamyl 
Alcohol  with  Water 

W,  100  co. 

L,  100  cc. 

.Xo,  5.0  grams 

value  of  83.9.  The  reciprocal,  0.0119,  was  used  for  calcula¬ 
tions. 

Great  care  must  be  exercised  to  effect  a  complete  separa¬ 
tion  of  the  tetrachloride  with  its  dissolved  iodine  from  the 
aqueous  solution.  Many  extremely  small  droplets  of  tetra¬ 
chloride  are  very  slow  in  settling  and  the  small  but  significant 
quantities  of  the  solvent  may  be  repeatedly  obtained  by 
whirling  the  mixture  in  the  separatory  funnel. 

Carbon  tetrachloride  is  slightly  soluble  in  water,  but  the 
rate  of  solution  is  so  much  slower  than  attainment  of  the 
distribution  equilibrium  that  its  solubility  is  negligible. 

The  solutions  were  analyzed,  after  separation  of  the  two 
layers,  by  titrating  with  standard  sodium  thiosulfate  solution. 
Potassium  iodide  was  first  added  and  starch  was  used  as  the 
indicator. 

This  case  is  particularly  interesting  in  that  here  W  was 
taken  some  forty  times  larger  than  L.  Even  so  the  results 
show  a  good  concordance  between  the  experimental  and  the 
theoretical  points. 

Figure  2  gives  the  curve  for  this  system.  Five  experi¬ 
mental  points  were  obtained  with  a  maximum  value  of  6  for  n. 
The  coincidence  of  the  observed  points  and  the  calculated 
curve  for  this  case  is  the  closest  of  all  studied.  Even  with  the 
ratio  of  W:L  being  41:1,  the  extraction  of  the  iodine  when 
n  =  6  is  found  to  be  over  82  per  cent. 

Extraction  of  Iodine  from  Ether  with  Ethylene 

Glycol 

Landau  (6)  found  the  value  of  the  distribution  constant 
for  this  system  to  be  1.78.  The  present  study  confirmed  this 
figure.  Landau,  after  separating  the  two  phases,  added  ethyl 
alcohol  to  the  ether  phase  until  a  homogeneous  solution 
was  formed.  He  then  added  potassium  iodide  and  titrated 
nearly  to  the  end  point  with  standard  sodium  thiosulfate 
solution,  after  which  starch  was  added  and  the  titration  com¬ 
pleted.  In  this  work  more  consistent  results  were  obtained 
by  omitting  the  use  of  ethyl  alcohol. 

When  ethylene  glycol  and  ether  are  mixed  the  ether  layer 
diminishes  in  volume  to  a  considerable  extent;  thus  with 
each  glycol  extraction  W  becomes  less.  This  means  that  the 
iodine  removed  by  the  glycol  will  become  progressively 
greater  than  if  no  such  diminution  occurred.  As  a  result, 
as  seen  in  Figure  3,  Xn,  and  thus  also  Xn/X0,  are  less  than 
theoretically  calculated,  and  the  observed  points  fall  below  the 
curve.  In  fact  when  n  =  4  the  extraction  has  proceeded  to 
48  per  cent,  whereas  theoretically  it  should  be  only  41  per  cent. 
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Extraction  of  Acetic  Acid  from  Isoamyl  Alcohol 

with  Water 

Hertz  and  Fischer  (S)  determined  the  distribution  con¬ 
stant  for  this  system  at  20°  C.,  and  obtained  a  value  of  0.923. 
In  this  study  the  constant,  uncorrected  for  dissociation,  at 
25°  C.  was  found  to  be  0.936.  Employed  in  the  calculations 
for  the  purpose  at  hand  the  value  1/0.936,  or  1.07,  was  used. 
Analyses  of  the  two  layers  for  acetic  acid  content  were  made 
by  titrating  with  standard  sodium  hydroxide  solution. 

Figure  4  shows  the  five  points  obtained  in  this  case.  All  ex¬ 
perimental  points  except  for  n  —  10  are  very  near  the  theo¬ 
retical  curve.  Duplicate  runs  for  n  —  10  yielded  points, 
both  of  which  fall  slightly  below  the  curve.  It  should  be 
pointed  out  that  this  case  is  different  from  that  shown  in 
Figure  3  where  the  experimental  points  fell  progressively 
further  below  the  curve  as  n  took  on  increasing  values.  In 


the  present  case,  although,  because  of  increased  dissociation 
of  acetic  acid  in  the  aqueous  phase  with  greater  dilution,  more 
efficient  extraction  would  be  expected  as  n  is  increased,  never¬ 
theless  the  dissociation  of  acetic  acid  for  concentrations  pre¬ 
vailing  when  n  =  1  and  when  n  =  10  is  of  the  same  order  of 
magnitude;  only  when  n  takes  on  high  values  would  dis¬ 
sociation  prove  an  important  factor. 
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Solubility  of  Naringin  in  Water 

GEORGE  N.  PULLEY",  Bureau  of  Chemistry  and  Soils,  U.  S.  Citrus  Products  Station,  Winter  Haven,  Fla. 


THE  possibility  of  utilizing  grapefruit  residue  for  the  pro¬ 
duction  of  naringin  and  its  hydrolytic  products,  together 
with  the  fact  that  there  is  a  limited  commerical  production  of 
naringin  at  the  present  time,  has  shown  the  desirability  of  de¬ 
termining  the  solubility  of  naringin  in  water  at  various  tem¬ 
peratures. 

Naringin  (C27H32O142H2O)  was  discovered  by  DeVry  (2) 
in  the  flowers  of  grapefruit  trees  growing  in  Java.  Will  ( 6 ,  7, 
8),  Zoller  (.9),  and  Asahina  and  Inubuse  (1)  have  conducted 
studies  to  determine  its  properties.  Its  increased  solubility 
in  hot  water  or  juice  has  been  noted  by  Fellers  (3),  and  Segal 
and  de  Kiewiet  (5)  in  technological  studies  on  grapefruit  prod¬ 
ucts.  The  content  of  naringin  in  both  peel  and  juice  appears 
to  diminish  as  the  fruit  matures.  It  is  soluble  in  alcohol, 
acetone,  and  water.  When  crystallized  from  these  solvents 
and  dried  at  110°  C.  it  melts  at  171°  C.  When  crystallized 
from  water  it  has  an  additional  6  molecules  of  water  and  melts 
at  83°  C.  The  bitter  taste  of  naringin  is  pronounced:  a 
water  solution  containing  one  part  in  ten  thousand  has  a  dis¬ 
tinctly  bitter  taste. 

The  naringin  used  in  these  experiments  was  made  from 

grapefruit  peel. 


purified  by  the 
method  outlined  by 
Poore  (/)  and  dried 
at  110°  C.;  the  melt¬ 
ing  point  was  171  °C. 
(uncor.). 


The  solubility  of 
naringin  was  deter¬ 
mined  by  adding  an 
excess  of  the  purified 
material  to  150  cc.  of 
distilled  water  con¬ 
tained  in  a  flask  which 
was  closed  with  a 
rubber  stopper  and 
immersed  in  a  con¬ 
stant-temperature 
water  bath.  The 
flask  was  left  in  the 
bath  2  hours  and  was 
shaken  every  15  min¬ 
utes.  At  the  end  of 
2  hours  the  solution 
in  the  flask  was  rap¬ 
idly  filtered,  using  a 


water-jacketed  funnel.  A  measured  volume  of  the  clear  filtrate 
was  transferred  to  a  weighed  evaporating  dish  and  evaporated  to 
dryness  over  a  steam  bath,  then  dried  at  110°  C.,  cooled,  and 
weighed.  The  amount  of  naringin  dissolved  per  1000  cc.  was 
calculated  from  the  average  of  two  determinations. 

The  solubility  at  6°  C.  was  determined  by  placing  the  flasks  in 
an  electric  refrigerator,  while  the  solubility  at  20°  C.  was  deter¬ 
mined  in  an  ice-cooled  box.  The  variation  in  the  temperature  at 
these  two  points  was  greater  than  at  the  higher  temperatures,  but, 
since  the  increase  in  solubility  of  naringin  between  6°  and  35°  is 
so  small,  fluctuations  in  temperatures  at  6°  and  20°  C.  would 
have  no  significant  effect  upon  the  solubility  value.  Solubilities 
at  other  temperatures  were  carried  out  in  a  water  bath,  the  tem¬ 
perature  of  which  was  controlled  by  means  of  a  gas  thermoregu¬ 
lator.  The  water  in  the  bath  was  kept  in  constant  motion  by 
means  of  compressed  air. 


The  data  given  in  Table  I  and  Figure  1  show  that  up  to 
45°  C.  the  increase  in  solubility  with  increase  in  temperature 
is  not  pronounced.  From  45°  C.  to  the  melting  point  (83°  C.) 
the  solubility  increases  rapidly  with  increase  in  temperature. 


Table  I.  Solubility  of  Naringin  in  Water 


Temperature  of  Water 
0  C. 


Solubility  in  Water 
G./1000  cc. 


6 

20 

35 

45 

55 

65 

75 


0.17 

0.50 

0.79 

1.96 

7.16 

42.21 

108.24 


The  decreased  solubility  of  naringin  at  low'  temperatures  may  at  times 
cause  the  precipitation  of  this  substance  in  canned  grapefruit  juice  and  sec- 
tions,  as  has  been  pointed  out  by  Fellers  and  by  Segal  and  de  Kiewiet  (o). 
This  is  especially  true  if  the  juice  or  sections  have  been  prepared  from  im¬ 
mature  or  frozen  fruit.  In  the  case  of  canned  juice  the  glucoside  generall} 
settles  to  the  bottom  of  the  container  as  a  yellow  sludge.  Sections  may  show 
light  yellow  spots,  which  maeroscopically  have  the  appearance  of  mold. 
At  times  the  juice  has  a  milky  appearance  due  to  minute  crystals  of  naringin. 


(2) 

(3) 

(4) 
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Determination  of  Basic  Nitrogen 

A  Semi-Micromethod  Applicable  to  Plant  Tissues 

W.  W.  UMBREIT  AND  P.  W.  WILSON,  University  of  Wisconsin,  Madison,  Wis. 


AS  WAS  discussed  in  a  previous  paper  (11),  the  limitations 
of  plant  culture  work  frequently  necessitate  the  use  of 
semi-micromethods  in  the  study  of  nitrogen  metabolism. 
Since  methods  for  basic  nitrogen  have  not  been  always  suitable 
for  semi-micromodification,  a  study  of  those  which  might  be 
applied  to  plant  materials  where  the  presence  of  carbohydrate 
and  other  constituents  influences  the  precision  was  under¬ 
taken.  With  the  use  of  a  modified  technic  reported  here, 
the  quantitative  estimation  of  this  fraction  was  possible 
with  a  precision  and  accuracy  comparable  to  that  obtained 
in  the  protein  studies. 

The  method  for  the  preparation  of  the  plant  sap,  hy¬ 
drolysis,  and  amide  estimation  are  discussed  by  Orcutt  and 
Wilson  (9).  Briefly,  the  soluble  nitrogen  constituents  are 
removed  from  the  tissue  by  pressure,  the  coagulable 
materials  precipitated  by  heat,  the  remaining  peptides  hydro¬ 
lyzed  without  formation  of  humin  by  an  enzyme  preparation 
and  amides  hydrolyzed  by  sodium  bisulfite,  and  the  ammonia 
thus  liberated  is  estimated  by  aeration.  The  sap  so  obtained 
is  neutralized,  water  is  added  to  a  definite  volume,  and 
aliquots  are  taken  for  precipitation.  Using  such  peptide-, 
amide-,  and  ammonia-free  saps,  the  factors  influencing  the 
semi-micro  quantitative  precipitation  and  determination  of 
basic  nitrogen  with  phosphotungstic  acid  were  studied. 

Precipitation  Method  for  Basic  Nitrogen 

The  material  remaining  after  the  removal  of  amide  ( 9 )  is  ti¬ 
trated  with  glacial  acetic  acid  until  it  is  just  acid  to  phenol- 
phthalein,  and  made  up  to  25  cc.  A  20-cc.  aliquot  of  this  is  placed 
in  a  50-cc.  beaker  and  1.1  cc.  of  20  N  sulfuric  acid  are  added,  to¬ 
gether  with  2  cc.  of  the  phosphotungstic  acid  reagent.  This 
reagent  is  composed  of  20  grams  of  the  1  to  24  phosphotungstic 
acid  (P2O5  :  24WO3  XH2O)  and  3  cc.  of  concentrated  sulfuric 
acid  made  up  to  100  cc.  with  distilled  water.  The  beaker  and 
contents  are  then  heated  on  a  steam  bath  to  dissolve  most  of 
the  precipitate.  In  the  phosphotungstates  obtained  from 
soybean  juices  only  a  small  fraction  is  insoluble  in  the  hot  solution. 
The  material  is  then  placed  in  the  refrigerator  at  from  0°  to 
5°  C.  for  at  least  48  hours.  At  the  end  of  this  time  the  liquid  is 
decanted  off  through  a  paper-pulp  pad  in  a  small  Buchner  funnel 
into  a  filter  flask  under  a  slight  vacuum.  The  greater  share  of 
the  precipitate,  which  remains  in  the  beaker,  is  stirred  up  with 
exactly  10  cc.  of  cold  wash  solution,  which  contains  2.5  grams 
of  1  to  24  phosphotungstic  acid  and  3  cc.  of  concentrated  sulfuric 
acid  made  up  to  100  cc.  The  washed  precipitate  is  poured  on 
the  filter  and  the  wash  solution  drawn  through  the  slight 
vacuum. 

The  filtrate  and  washings  are  removed,  neutralized  to  phenol- 
phthalein  with  10  N  sodium  hydroxide,  made  barely  acid  with 
(glacial  acetic  acid,  and  diluted  to  35  cc.  Samples  (20  cc.)  are  taken 
for  nitrate  determinations  and  2-  to  4-cc.  samples  for  alpha- 
' amino  nitrogen. 

The  precipitate,  part  of  which  may  remain  in  the  beaker,  is 
dissolved  with  about  10  cc.  of  5  per  cent  sodium  hydroxide  and 
poured  on  the  filter  pad.  After  standing  for  4  or  5  minutes 
ii (usually  a  sufficient  time  to  dissolve  the  entire  precipitate) 

•  it  is  drawn  into  the  filter  flask  by  suction.  Five  cubic  centimeters 
more  of  5  per  cent  sodium  hydroxide  are  added  to  the  filter  and 
allowed  to  remain  there  a  few  minutes.  The  beaker  and  filter 
are  then  washed  well  with  distilled  water,  and  collected  alkaline 
filtrate  and  washings  (which  do  not  exceed  40  to  45  cc.  in  volume) 
are  transferred  to  the  semi-micro-Kjeldahl  flask,  and  the  nitrogen 
is  determined  by  either  of  the  procedures  described  below. 

Total  Nitrogen  in  Phosphotungstic  Acid 
Precipitate 

The  types  of  compounds  precipitated  by  phosphotungstic 
acid  are  notably  those  which  are  converted  to  ammonia  only 


with  difficulty  (the  presence  of  the  phosphotungstic  acid  also 
influences  the  digestion).  A  method  was  described  in  a  pre¬ 
vious  paper  for  the  rapid  semi-microdetermination  of  total 
nitrogen  (11)  with  a  precision  of  almost  1  per  cent  and  an 
accuracy  comparable  to  that  of  the  micro-Kjeldahl.  Acid 
hydrolysis,  beyond  that  normally  occurring  in  the  evaporation 
of  water  from  the  dissolved  sample,  mercury,  hydrogen  per¬ 
oxide,  phosphoric  acid  mixtures  (7),  and  combinations  of 
these,  as  well  as  combinations  with  selenium,  gave  no  better 
results  on  the  basic  fraction  than  selenium  alone. 

The  methods  for  digestion  with  sulfuric  acid  in  the  Kjeldahl 
method  for  the  conversion  of  nitrogenous  compounds  into 
ammonia  are  of  two  types,  depending  upon  the  nature  of  the 
material  from  which  the  basic  precipitate  is  obtained.  In 
the  semi-micromodification  of  the  total  nitrogen  method  to 
include  nitrate  in  wet  samples  (11)  an  alkaline  hydrolysis 
preliminary  to  digestion  is  employed.  With  phosphotungstic 
acid  precipitates  from  certain  materials  (notably  the  soybean) 
a  slight  increase  in  the  nitrogen  obtained  is  noted  when  the 
preliminary  alkaline  hydrolysis  (omitting  De varda’s  alloy)  is 
used.  On  other  materials,  such  as  the  basic  fraction  from 
peptone,  no  such  increase  is  found.  It  should  be  emphasized 
that  the  increases  found  are  just  below  the  line  of  statistical 
validity.  It  appears,  therefore,  that  the  safest  method  is  to 
test  the  material  beforehand  to  determine  whether  this  slight 
increase  on  alkaline  hydrolysis  occurs,  before  running  large 
numbers  of  samples  by  the  method.  Although  the  method  of 
alkaline  hydrolysis  may  not  generally  be  of  aid,  it  is  given  here 
as  procedure  II. 

Procedure  I.  The  phosphotungstic  acid  precipitate  is  dis¬ 
solved  in  a  slight  excess  of  alkali  and  transferred  to  the  semi- 
micro-Kjeldahl  flask.  Five  cubic  centimeters  of  the  catalyst- 
digestion  mixture  (composed  of  2  grams  of  copper  sulfate,  2 
grams  of  selenium  oxide,  500  cc.  of  water,  and  500  cc.  of  concen¬ 
trated  sulfuric  acid)  are  added,  evaporated,  and  digested  till  white 
fumes  no  longer  come  off  and  the  precipitate  has  assumed  a 
bright  yellow  color.  After  digestion,  the  contents  of  the  flask  are 
dissolved  in  water  and  washed  into  the  aeration  tube.  The 
flask  is  rinsed  with  5  per  cent  sodium  hydroxide  to  dissolve  any 
of  the  phosphotungstic  acid  remaining  on  the  sides,  and  these 
rinsings  are  added  to  the  aeration  tube.  The  nitrogen  is  esti¬ 
mated  by  aeration  as  described  by  Umbreit  and  Bond  (11). 

Procedure  II.  Instead  of  adding  the  5  cc.  of  catalyst-diges¬ 
tion  solution,  the  flask  containing  the  dissolved  phosphotung¬ 
states  is  connected  to  the  Davisson  and  Parson  microtowers 
(containing  5  cc.  of  the  catalyst-digestion  mixture  used  in  I) 
and  heated  to  boiling,  the  solution  is  allowed  to  suck  back, 
and  the  towers  are  washed  as  earlier  described  (11).  Evaporation, 
digestion,  and  estimation  of  nitrogen  proceed  as  in  I. 

Although  the  chemical  constitution  of  the  base  influences 
the  pH  at  which  it  precipitates  (10),  few  data  may  be  found 
in  the  literature  regarding  the  influence  of  variations  in  acid 
concentration  upon  precipitated  nitrogen  in  the  extreme 
acid  range.  The  data  in  Table  I  show  that  in  the  extreme 
acid  range  (from  pH  2  to  0)  variation  in  acid  concentration 
produces  no  significant  variation  in  the  nitrogen  precipitated 
by  phosphotungstic  acid.  Similar  results  were  obtained  on 
pure  solutions  of  arginine  and  histidine.  A  maximum  pre¬ 
cipitation  was  found  when  the  sulfuric  acid  was  present  in 
5  per  cent  concentration  in  agreement  with  the  work  of 
Gulewitsch  (4)  and  Drummond  (2),  and  since  subsequent 
neutralization  without  too  great  an  increase  in  volume  was 
possible,  5  per  cent  sulfuric  acid  was  chosen  for  the  acid  con¬ 
centration  of  the  analytical  method. 
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Table  I.  Influence  of  Acid  Concentration  on  Nitrogen 
Precipitated  by  Phosphotungstic  Acid 


Sulfuric 

Number  of 

Nitrogen 

Material 

Acid 

Samples 

Found 

% 

Mg. 

Soybean  sap 

1.8 

3 

5.25  ±  0.04 

2.5 

3 

5.32  ±  0.08 

5.0 

2 

5.40  ±  0.03 

7.0 

2 

5.12  ±  0.12 

Table  II.  Influence  of  Reagent  Concentration  upon 
Nitrogen  Precipitated  by  Phosphotungstic  Acid  from  Soy¬ 
bean  Sap 


Concentration 
of  Phospho- 

No.  of 

N  Found  in 

tungstic  Acid 

Reagent 

Samples 

Precipitate 

Gram 

Cc. 

Mg. 

0.1 

0.5 

1 

0.92 

0.2 

1.0 

3 

1.67  ±  0.19 

0.3 

1.5 

2 

1.89  ±  0.14 

0.4 

2.0 

3 

1.89  ±0.12 

0.6 

3.0 

3 

1.83  ±  0.20 

Table  III.  Influence  of  Salt  Concentration  on  Solubility 
of  Phosphotungstic  Acid  Precipitates  from  Soybean  Sap 


Salt 

No.  of 

Nitrogen  in 

Nitrogen  in 

Material 

Present  Samples 

Precipitate 

Filtrate 

% 

Mg. 

Mg. 

Sap  2,  25  cc. 

0 

2 

2.49  ±  0.04 

0.38  ±  0.08 

1 

3 

2.51  ±0.06 

0.32  ±  0.10 

2 

2 

2.46  ±  0.10 

0.33  ±  0.02 

10 

2 

2.70  ±  0.04 

0.25  ±  0.01 

Crystallization  begins  between  2  and  10  per  cent. 

Barnes  and  Peters  ( 1 )  have  pointed  out  that  the  types  of 
compounds  obtained  in  the  precipitate  depend  upon  the 
phosphotungstic  acid  used.  In  this  report  the  acid  used  was 
Merck  c.p.  phosphotungstic  acid  having  a  ratio  of  P2O5/WO3 
of  1  to  24,  used  without  further  purification. 

The  data  in  Table  II  show  that  no  significant  difference  is 
observed  due  to  variation  in  reagent  concentration  over  the 
range  normally  occurring  in  the  analytical  procedure  as  long 
as  there  is  sufficient  reagent  to  precipitate  the  basic  fraction 
completely. 

Previous  workers  had  indicated  (8,  6)  that  the  temperature 
at  which  the  precipitate  was  held  is  a  factor  in  the  quantity 
of  nitrogen  recovered  from  various  materials.  In  the  case  of 
soybeans  the  procedure  given  in  the  analytical  method  was 
found  to  be  satisfactory. 

The  methods  of  hydrolysis  and  aeration  used  in  the  general 
scheme  of  analysis  ( 9 )  add  a  considerable  amount  of  salts 
(primarily  sodium  sulfate  and  acetate)  to  the  solution;  the 
work  of  Heiduschka  and  Wolf  ( 5 )  and  Narayana  and  Sreeni- 
vasaya  ( 8 )  suggests  that  this  might  influence  the  solubility  of 
the  precipitate.  Van  Slyke  (12)  studied  the  solubility  of  the 
pure  diamino  acid  phosphotungstates  at  20°  C.  and  on  the 
assumption  that  their  mutual  presence  had  no  effect  on  the 
individual  solubilities  found  that  1.16  mg.  of  nitrogen  per 
25  cc.  were  lost  through  their  solubility.  Since  if  the  loss 
through  solubility  was  appreciable  or  erratic  the  applicability 
of  a  semi-micromethod  would  be  seriously  impaired,  this  point 
was  investigated. 

Four  hundred  cubic  centimeters  of  a  normal  soybean  sap 
representing  the  entire  plant  were  rendered  peptide-,  amide-, 
and  ammonia-free  and  precipitated  under  the  usual  concen¬ 
tration  of  phosphotungstic  acid  reagent  in  5  per  cent  sulfuric 
acid,  giving  a  precipitate  very  similar  to  that  in  analytical 
samples.  Part  of  the  dried  precipitate  (2.949  grams)  was 
dissolved  in  barely  alkaline  water,  the  solution  diluted  to  250 
cc.,  and  aliquots  were  taken  and  precipitated  in  the  usual 
analytical  manner.  The  data  in  Table  III  show  that  salt  con¬ 
centration  has  little  effect  upon  the  nitrogen  found  in  the 
precipitate  from  the  sap  of  the  soybean  until  crystallization 
begins.  The  solubility  of  the  composite  precipitate  was  found 


to  be  0.34  ±  0.02  mg.  of  nitrogen  per  25  cc.  (11  samples). 
Within  the  limits  of  experimental  error  this  solubility  was 
found  independent  of  salt  concentration  (until  crystallization 
begins)  and  independent  of  the  sap  used  to  prepare  the  basic 
material. 

Precision.  The  precision  of  the  method  was  determined  by 
a  comparison  of  duplicates.  From  Table  IV  it  will  be  seen 
that  the  normal  precision  is  about  0.1  to  0.2  mg.  of  nitrogen 
and  that  the  percentages  will  vary,  according  to  the  total 
amount  of  nitrogen  in  the  sample. 

Accuracy.  The  accuracy  of  the  determination  may  be 
considered  under  two  problems:  (1)  the  ability  to  show  re¬ 
covery  of  basic  materials  added  to  the  plant  juices,  and  (2) 
the  suitability  of  the  method  for  estimating  the  nitrogen  found 
in  the  basic  fraction.  Table  V  shows  that  the  recoveries  of 
arginine-histidine  (90  per  cent)  when  added  to  the  hydrolyzed 
plant  sap  are  within  the  precision  of  the  method  and  the  re¬ 
coveries  are  independent  of  the  nitrogen  content  of  the 
precipitate. 


Table  IV.  Precision  of  Semi-Micromethod 


No.  of 

Range  of 

Basic  Nitrogen 

Mean 

Difference  in 

Duplicates 

Duplicates 

Contents 

Nitrogen 

Av. 

% 

9 

3.53-4.67 

4.20 

0.17 

4.0 

18 

1 . 08-2 . 84 

1.96 

0.14 

7.1 

7 

0.62-0.94 

0.79 

0.07 

8.8 

Table  V.  Recoveries  of  Basic  Nitrogen  Added  to  Soybean 

Sap 

No.  of  N  Found  in  N  Corrected  Re- 

Material  Samples  Precipitate  for  Solubility  Theory  covery 

%  % 

20  cc.  of  soybean  sap  12  4.29  ±0.11  4.63  ±0.11 

20  cc.  of  arginine-histi¬ 
dine  solution0- b  12  4.37  =*=  0.08  4.62  ±  0.08  96.5 

10  cc.  of  soybean  sap, 

10  cc.  of  arginine-his¬ 
tidine  solution 6  9  4.04  ±0.11  4.38  ±  0.11  94.5  90.0 

2  cc.  of  soybean  sap c  9  0.72  ±  0.04  0.86  ±  0.04 

5  cc.  of  soybean  sap  6  2.02  ±  0.07  2.16  ±  0.04 

5  cc.  of  arginine  solution  8  0.83  ±  0.03  0.93  ±  0.03  96.0 

2  cc.  of  soybean  sap, 

5  cc.  of  arginine  solu¬ 
tion  9  1.54  ±  0.08  1.68  ±  0.08  99. 3^  88.4 

a  Arginine-histidine  solution  =  0.24  mg.  of  nitrogen  per  cc.  (contains  10 
per  cent  of  histidine).  Solubility  of  arginine-histidine  phosphotungstate 
=  0.25  ±  0.03  mg.  of  nitrogen  per  25  cc.  (11  samples). 

6  Total  volume  of  samples  =  25  cc.  c  Total  volume  per  sample  =  10  cc. 
d  Arginine  solution  =  0.194  ±  0.00  mg.  of  nitrogen  per  cc.  Theoretical 

value  calculated,  0.72  +  0.83  +  0.14  (for  solubility)  =  1.69. 


Summary 

A  semi-micromethod  for  basic  nitrogen,  estimating  basic 
nitrogen  contents  of  from  2  to  5  mg.  of  nitrogen  with  a  dif¬ 
ference  of  5  per  cent  or  less  between  duplicates,  applicable 
to  plant  materials  is  described.  The  method  is  independent 
of  reasonable  variation  in  acid  concentration,  reagent  con¬ 
centration,  and  salt  concentration,  but  dependent  upon 
preliminary  treatment  and  temperature.  Quantitative  re¬ 
coveries  of  added  basic  materials  were  obtained. 
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Sodium  Hyposulfite  Solutions  for  the 
Absorption  of  Oxygen 
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THE  use  of  solutions  containing  sodium  hyposulfite, 
Na2S204  (or  sodium  hydrosulfite  as  it  is  called  com¬ 
mercially),  both  alone  and  with  the  addition  of  anthraquinone- 
|3-sulfonic  acid  has  been  recommended  for  the  absorption  of 
oxygen  in  gas  analysis  (3,  5, 9).  While  working  with  alkaline 
solutions  of  sodium  hyposulfite  to  which  anthraquinone-/3- 
sulfonic  acid  had  been  added,  as  suggested  by  Fieser  ( 5 ),  it 
was  found  that  if  they  were  used  within  a  day  or  two  of  the 
time  they  were  prepared  the  rate  of  absorption  was  rapid  and 
satisfactory.  If,  however,  the  solutions  were  allowed  to  stand 
about  for  a  few  days  after  being  made  up,  even  though  they 
had  been  completely  shut  off  from  air,  they  absorbed  oxygen 
much  less  rapidly  than  when  freshly  prepared,  and  also  tended 
to  become  frothy  or  foamy.  Moreover,  whether  these  solu¬ 
tions  were  used  in  a  packed  or  bubbler  pipet  they  tended  to 
trap  gas.  Accordingly,  an  investigation  was  made  of  the 
sodium  hyposulfite  solutions  recommended  by  Fieser  (5)  to 
find  out  how  effective  they  were,  how  their  absorptive  rate 
changed  with  time,  and  what  their  capacities  were. 

Fieser  recommends  for  use  in  an  ordinary  pipet  a  solution 
made  up  of  16  grams  of  sodium  hyposulfite,  13.3  grams  of 
sodium  hydroxide,  and  4  grams  of  anthraquinone-/3-sulfonic 
acid  (procurable  from  E.  I.  du  Pont  de  Nemours  &  Co., 
Inc.,  as  sodium  anthraquinone-/3-sulfonate)  in  100  cc.  of  water. 
This  solution  was  used  to  absorb  the  oxygen  from  air  with 
both  an  ordinary  Orsat  pipet  and  a  Francis  auto-bubbler 
pipet.  A  solution  having  twice  as  much  caustic  was  also 
tried  with  the  bubbler  pipet,  but  the  difference  in  results  was 
negligible.  In  general,  solutions  when  tested  as  soon  as 
prepared  checked  the  results  of  Fieser  very  well.  Fresh 
solutions  took  4  to  5  passes  with  the  Orsat  and  3  passes  with 
the  bubbler  pipet.  Thirty  seconds  were  taken  in  each  in¬ 
stance  to  pass  the  gas  into  the  pipet.  It  has  since  been  found 
more  desirable  with  packed  pipets  to  pass  the  gas  in  quickly 
and  leave  it  there  for  15  to  30  seconds.  In  this  way,  the  gas 
has  a  longer  time  of  contact  with  the  packing  before  the 
absorbing  solution  drains  off.  When  the  solutions  had  ab¬ 
sorbed  about  7  cc.  of  oxygen  per  cc.  of  solution,  the  number  of 
passes  necessary  for  complete  absorption  began  to  increase 
rapidly,  until  at  the  point  where  7.5  cc.  of  oxygen  had 
been  absorbed  per  cc.  of  solution  the  latter  was  practically 
exhausted.  The  bubbler  pipet  took  11  passes  for  complete 
absorption  of  the  oxygen  in  air  at  this  point. 

Contrary  to  the  above  results,  however,  if  the  solutions  were 
tested  no  more  than  3  or  4  days  after  being  made  up,  gas 
was  trapped  so  badly,  because  sodium  anthraquinone-|3- 
sulfonate  was  thrown  out  of  solution  when  oxygen  was  ab¬ 
sorbed,  that  their  use  was  not  feasible.  Such  conditions  lead 
to  erroneous  results.  While  the  sodium  anthraquinone-/?- 
sulfonate  was  gradually  reduced  again  to  the  soluble  form,  if 
left  long  enough,  it  involved  a  period  of  waiting  between  each 
pass  to  ascertain  the  true  amount  of  oxygen  absorbed.  More¬ 
over,  such  gas-trapping  conditions  grew  rapidly  worse  with 
time.  Five  days  after  the  solutions  were  prepared,  even  on 
waiting  for  a  period  of  0.5  to  0.75  hour,  the  sodium  anthra- 
quinone-/3-sulfonate  was  not  wholly  dissolved,  and  hence 
the  trapped  gas  was  not  wholly  removed.  This  was  true  in 
the  case  of  the  bubbler  pipet  as  well  as  the  Orsat.  Such  results 
indicated  that  the  sodium  hyposulfite  wTas  no  longer  func¬ 
tioning  with  its  original  potency. 


To  check  the  veracity  of  this  supposition,  sodium  hypo¬ 
sulfite  from  four  different  sources  was  tried  with  the  same 
results.  Then,  three  lots  of  solution  were  made  up  according 
to  the  Fieser  formula  containing  (a)  sodium  hyposulfite, 
sodium  hydroxide,  sodium  anthraquinone-/3-sulfonate,  and 
water,  (b)  sodium  hyposulfite,  sodium  hydroxide,  and  water, 
and  (c)  sodium  hyposulfite  and  water.  Each  solution  was 
divided  into  two  parts,  one  being  set  on  a  shelf  in  ordinary 
light,  the  other  wrapped  in  a  towel  and  shut  up  in  a  drawer. 
All  were  kept  at  room  temperature.  After  10  days  the  (a) 
solutions  were  tested,  but  in  both  cases  gas  trapping  and 
frothing  were  so  bad  that  the  solution  was  not  usable.  The 
same  thing  was  true  of  the  (b)  solutions  when  the  correct 
amount  of  sodium  anthraquinone-/3-sulfonate  was  added. 
When  the  correct  amounts  of  sodium  anthraquinone-/3- 
sulfonate  and  caustic  were  added  to  the  (c)  solutions,  the 
sodium  anthraquinone-/3-sulfonate  was  not  reduced  at  all. 
Its  reduction  would  have  been  obvious  because  of  the  deep 
red  shade  of  the  soluble,  reduced  form.  Moreover,  the  same 
failure  to  reduce  the  sodium  anthraquinone-/3-sulfonate  was 
observed  if  solutions  of  the  (b)  type  were  allowed  to  stand  for 
15  to  20  days. 

These  results  left  little  doubt  that  the  failure  of  the  sodium 
hyposulfite  solutions  was  due  to  the  instability  and  decomposi¬ 
tion  of  the  hyposulfite  into  products  having  no  reducing 
ability.  Such  conclusions  have  been  substantiated  by  other 
investigators  who  used  hyposulfite  not  only  in  gas  analysis 
but  in  other  fields  (1-4,  6-14)-  Kruse  ( 3 ,  9)  and  Ambler  (11) 
found  that  solutions  used  for  gas  analysis  became  very  slug¬ 
gish  on  keeping  for  a  couple  of  weeks.  Kruse  also  reported 
that  such  solutions  tended  to  froth.  As  would  be  expected, 
it  is  generally  agreed  that  the  more  alkaline  the  solution  the 
slower  the  decomposition  (2,  6,  13,  14),  and  the  higher  the 
temperature  (11,  13,  14)  the  faster  the  decomposition. 
Seyewetz  and  Kalmar  (14)  have  found  the  decomposition  to 
be  slightly  greater  in  diffuse  daylight  than  in  the  dark,  and 
somewhat  greater  still  in  ultraviolet  fight. 
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Oxidation-Reduction  Indicators  for  Use 

with  Dichromate  II 


STUART  COHEN  WITH  RALPH  E.  OESPER,  University  of  Cincinnati,  Cincinnati,  Ohio 


STRAKA  and  Oesper  ( 8 )  found  that  ethyl  sulfate  and 
diphenylamine  react  to  produce  a  monosulfonate  of 

C2H5 

ethyl  diphenylamine,  C6H5 — X — C6H4S03Xa,  which  can  also 
be  produced  by  the  action  of  ethyl  sulfate  on  ethyl  diphenyl¬ 
amine.  Though  this  compound  gives  a  red  oxidation  product 
with  a  trace  of  dichromate,  it  has  no  value  as  an  indicator 
because  a  long  range  of  intermediate  colors  precedes  the  de¬ 
velopment  of  the  full  red  and  the  attainment  of  the  equiva¬ 
lence  point  cannot  be  definitely  recognized.  However, 
when  diphenylamine  was  acted  on  by  ethyl  sulfate  known 
to  be  at  least  15  years  old,  an  entirely  different  product 
resulted — namely,  an  indicator  whose  oxidation  product  was 
purple,  and  whose  indicator  action  was  satisfactory  in  all 
respects  (7).  Several  repetitions  have  verified  these  findings, 
and  the  present  study  has  shown  that  the  aged  ethyl  sul¬ 
fate  produced  not  ethvl  diphenvlamine  monosulfonate, 

H 

but  a  diphenylamine  monosulfonate,  C6H5 — X — CiJRSCbNa 
(found,  sodium,  8.43  per  cent;  sulfur,  11.37;  calculated, 
sodium,  8.49  per  cent;  sulfur,  11.48). 

This  striking  difference  led  to  a  search  for  the  ingredient 
of  the  old  ethyl  sulfate  that  so  markedly  influenced  the 
course  of  the  reaction.  The  old  ethyl  sulfate  was  dark, 
rather  viscous,  and  smelled  strongly  of  sulfur  dioxide.  Tests 
for  heavy  metals  were  negative.  Ordinary  ethyl  sulfate  was 
artificially  aged  by  heating  it  on  a  boiling  water  bath  for 
24  hours,  another  sample  was  boiled  at  atmospheric  pressure 
for  5  minutes,  and  other  samples  -were  deliberately  con¬ 
taminated  with  ethyl  hydrogen  sulfate,  sulfuric  acid,  ethyl 
sulfite,  butyl  sulfate,  iodine,  and  lead,  ferric,  copper,  and 
mercuric  sulfates,  but  runs  with  samples  containing  these 
likely  catalysts  or  decomposition  products  of  ethyl  sulfate 
gave  in  every  case  a  product  identical  with  that  produced 
by  ordinary  ethyl  sulfate,  and  the  determining  factor  is  still 
to  be  discovered. 

Experimental 

Since  ordinary  ethyl  sulfate  leads  to  no  satisfactory  product, 
and  since  aged  ethyl  sulfate  is  obviously  not  constantly 
available,  a  higher  homolog  of  ethyl  sulfate,  n-butyl  sulfate, 
was  made  to  react  with  diphenylamine  in  the  hope  of  pro¬ 
ducing  a  usable  indicator. 

Twenty-one  grams  (0.1  mole)  of  71-dibutyl  sulfate  ( 1 )  and  16.9 
grams  (0.1  mole)  of  diphenylamine  were  heated  together  on  a 
boding  water  bath  for  1  horn,  and  then  on  a  metal  bath  at  130° 
to  140°  C.  for  1  hour.  A  solution  of  sodium  ethylate  (4.8  grams 
of  sodium  in  200  ml.  of  ethanol)  was  then  added  and  refluxed 
until  the  dark  tarry  reaction  mass  became  white.  The  alcohol 
was  distilled  off,  the  residue  taken  up  in  water  and  filtered,  and 
the  filtrate  thoroughly  extracted  with  ether  to  remove  any  residual 
diphenylamine.  The  water  layer  was  warmed  and  air  bubbled 
through  it  until  the  ether  was  removed.  Concentrated  sodium 
hydroxide  solution  was  added  cautiously  until  a  faint  turbidity 
appeared.  The  desired  sodium  salt  precipitates  slowly,  and 
after  24  hours  the  suspension  was  filtered,  the  salt  sucked  as 
dry  as  possible,  redissolved  in  warm  ethyl  alcohol,  and  pre¬ 
cipitated  by  an  excess  of  ether.  This  treatment  removes  most 
of  the  alkali.  The  purification  is  completed  by  dissolving  the 
salt  in  warm  alcohol,  passing  in  carbon  dioxide  until  no  more 


sodium  carbonate  separates,  and  concentrating  the  filtrate  on 
the  water  bath  to  incipient  crystallization. 

The  sodium  salt  obtained  from  this  procedure  contains 
8.35  per  cent  of  sodium  and  11.42  per  cent  of  sulfur,  corre¬ 
sponding  to  diphenylamine  monosodium  sulfonate.  It  gives 
the  same  color  on  oxidation  as  does  the  product  from  old 
ethyl  sulfate;  in  fact  the  two  products  are  identical.  This 
was  definitely  proved  by  preparing  the  p-toluidine  salt  of 
each  (3) ;  after  two  recrystallizations  from  water,  the  de¬ 
rivatives  individually  not  only  melted  sharply  at  the  same 
temperature  (196-197°  C.)  but  a  mixture  gave  the  same 
melting  point. 

H 

This  indicator,  CiTR — X — CTF^ChXa,  gives  a  deep  purple 
with  a  slight  excess  of  oxidizing  agent.  The  color  is  stable 
for  at  least  15  minutes  and  is  sharply  discharged  by  a  slight 
excess  of  ferrous  ion,  etc.  Mercury  salts  do  not  inhibit  its 
indicator  properties.  Four  to  5  drops  of  0.1  per  cent  water 
solution  are  ample  in  volumes  not  exceeding  400  ml.  Fifteen 
to  25  ml.  of  the  ordinary  sulfuric-phosphoric  acid  retarder 
solution  are  essential  to  satisfactory  functioning.  Com¬ 
parative  analyses  of  a  series  of  chromium  and  iron  ores 
demonstrated  that  this  internal  indicator  is  fully  as  reliable 
as  ferricyanide.  The  indicator  allowance,  comparing  with 
ferricyanide,  does  not  exceed  0.1  ml.  using  0.1  N  dichromate, 
and  if  the  latter  is  standardized  against  ores  of  known  iron 
or  chromium  content,  the  indicator  error  is  negligible. 

Straka  and  Oesper  found  that  m-tolylphenylamine  and 
p-tolylphenylamine  are  satisfactory  indicators,  provided 
mercury  salts  are  absent.  The  present  writers  have  carried 
0-,  m-,  and  p-tolylphenylamine  through  the  reaction  with 
ethyl  sulfate,  using  the  procedure  described  above.  The 
products  contained  8.21,  8.19,  and  8.22  per  cent  of  sodium, 

H 

I 

I 

respectively,  corresponding  to  Cr,H5 — X — CfiH3CH3S03Xa, 
which  contains  8.09  per  cent  of  sodium.  The  meta  and  para 
compounds  show  no  indicator  properties,  but  the  o-tolvl- 
phenvlamine  monosodium  sulfonate,  whose  oxidation  product 
is  deep  red,  is  a  satisfactory  indicator,  provided  there  is  not 
more  hydrochloric  acid  present  than  corresponds  to  2  to  3 
ml.  of  specific  gravity  1.18  per  250  ml.  of  solution.  Mercuric, 
mercurous,  and  stannic  salts  do  not  interfere,  and  sulfuric 
acid  may  be  present  in  any  reasonable  concentrations  without 
harm. 

In  view  of  the  sulfonating  properties  of  ethyl  sulfate,  it 
was  tried  on  diphenyl  benzidine  with  the  hope  of  producing 
a  soluble  sulfonate.  Ten  grams  of  diphenyl  benzidine  ( 6 ) 
and  24  ml.  of  ethyl  sulfate  were  refluxed  for  5  hours  in  xylene 
solution  and  then  refluxed  with  a  solution  of  8.5  grams  of 
sodium  in  300  ml.  of  ethanol.  The  light  gray  product  was 
dried,  ground,  extracted  with  xylene,  and  then  dissolved  in 
ethanol.  The  sodium  salt  after  purification  contained 
5.40  per  cent  of  sodium,  corresponding  to  diphenyl  benzidine 
monosulfonate  which  contains  5.25  per  cent  of  sodium.  This 
is  a  satisfactory  indicator,  giving  a  red  color  with  excess 
oxidizing  agent,  but  in  this  instance  also  erratic  results  are 
obtained  if  more  than  low  concentrations  of  hydrochloric 
acid  are  present. 
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The  following  compounds  were  found  to  give  colored 
oxidation  products,  but  the  color  changes  are  not  striking 
enough  to  warrant  the  use  of  the  materials  as  oxidation- 
reduction  indicators  '.  N,  Ar '-dimethyl  benzidine  (9) ,  benzidine 
monosulfonic  acid  {2),  and  dinaphthocarbazol  (5). 

The  very  excellent  indicator  prepared  by  Straka  and 
Oesper  from  the  reaction  of  ethyl  sulfate  on  acetyl  diphenyl- 
amine  has  now  been  purified  by  the  procedure  described 
above.  Analysis  shows  it  to  be  a  monosulfonate  of  diphenyl- 
amine:  sodium  found,  8.46  per  cent;  calculated,  8.49.  No 
less  than  three  monosulfonated  derivatives  of  diphenylamine 
have  now  been  recommended  for  use  as  oxidation-reduction 
indicators:  (1)  that  of  Kolthoff  and  Sarver  (4) ;  (2)  that  of 
Straka  and  Oesper;  and  (3)  that  produced  by  aged  ethyl 
sulfate  or,  better,  butyl  sulfate  and  diphenylamine.  They 


are  probably  isomers  or  mixtures  of  isomers,  a  point  that 
will  be  studied  in  the  continuation  of  this  effort  to  find  new 
and  possibly  better  indicators  for  use  with  dichromate. 
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Titration  of  Chloride  Ion  with  Mercuric  Nitrate 

Solutions 

Using  Diphenyl  Carbazide  Indicator 

IRVING  ROBERTS,  Columbia  University,  New  York,  N.  Y. 


DIPHENYL  carbazide  and  diphenyl  carbazone  have 
been  suggested  as  indicators  in  the  titration  of  chlo¬ 
ride  with  mercuric  nitrate  solutions  by  Dubskv  and  Trtilek 
( 1 ,  2,  3,  10)  and  by  Slotta  and  Muller  ( 9 )  in  place  of  the 
inaccurate  Mohr  and  inconvenient  Yolhard  methods  (6). 
The  method  depends  upon  the  formation,  from  mercuric 
ion  and  the  indicator,  of  a  deep  blue-violet  complex,  after 
the  chloride  ions  have  combined  to  form  slightly  ionized 
mercuric  chloride.  Unexplained  anomalous  effects  of  acidity 
on  the  sensitivity  and  absolute  values  given  by  the  titra¬ 
tion  were  found,  which  make  their  results  unreproducible. 
The  author  has  found  that  both  precision  and  accuracy  can  be 
obtained  if  the  proper  precautions  are  taken,  and  that 
mercuric  oxide,  first  used  as  a  primary  standard  in  alkalimetry 
(5,  7),  may  be  conveniently  used  as  a  primary  standard  in  pre¬ 
paring  mercuric  nitrate  solutions. 

The  probable  mechanism  of  this  titration  may  be  seen 
from  a  few  qualitative  observations.  Diphenyl  carbazide 
is  an  acid-base  indicator,  changing  from  a  light  yellow  in  acid 
I  solution  to  a  deep  orange  in  alkaline  solution,  in  the  pH  range 
6.6  to  7.4  (determined  with  phosphate-citrate  buffers). 
The  equilibrium  is  probably  of  the  following  type : 


H  H  H  H 


Light  yellow 


H  H 

I  I 

N— 

C— O-  +  H+ 
N=n/ 

H 

Orange 


In  alkaline,  neutral,  or  slightly  acid  solution,  dilute  mer¬ 
curic  chloride  gives  the  deep  blue-violet  color  with  the  indi¬ 
cator.  If  a  solution  containing  both  mercuric  chloride  and 
diphenyl  carbazide  is  just  above  pH  7,  the  addition  of  large 
amounts  of  potassium  chloride  will  not  remove  the  color, 
whereas  a  drop  of  nitric  acid  will.  On  the  other  hand,  with  a 
highly  acid  solution  containing  the  indicator,  such  as  1  to  1 
nitric  acid,  a  large  amount  of  mercuric  nitrate  must  be  added 
before  any  color  is  seen. 

These  observations  seem  to  indicate  that  it  is  only  the  alka¬ 
line  form  of  the  indicator  which  forms  the  deep  blue-violet 
complex  with  mercuric  ion.  As  the  acidity  of  the  solution 
increases,  the  above  equilibrium  is  driven  to  the  left  and  the 
concentration  of  the  alkaline  form  decreases,  so  that  beyond  a 
certain  acidity  we  may  expect  the  sensitivity  of  the  titration 
to  be  too  low  for  great  precision.  Also,  that  mercuric  chlo¬ 
ride  itself  gives  the  blue-violet  color  with  the  indicator  in 
weakly  acid  solution  is  probably  due  to  the  fact  that,  at  low 
acidity,  the  concentration  of  the  alkaline  form  of  the  indica¬ 
tor  is  great  enough  to  give  appreciable  reaction  with  mer¬ 
curic  ion  from  the  dissociation  of  mercuric  chloride : 

HgCb  ^  Hg++  +  2  Cl- 

We  may  then  expect  that  at  low  acidities  the  end  point  will 
come  too  soon,  giving  low  values  in  the  titration.  Evidence 
supporting  these  statements  is  given  below. 

Materials  and  Solutions 

Potassium  Chloride.  The  recrystallized  material  was  used  in 
preparing  a  standard  0.1  N  solution. 

Diphenyl  Carbazide  and  Diphenyl  Carbazone.  Colorless 
Eastman  Kodak  diphenyl  carbazide  (m.  p.,  167.5°,  cor.)  was 
used  directly.  Diphenyl  carbazone  was  prepared  by  the  method 
of  Heller  (4)  and  showed  after  three  recrystallizations  from 
acetone  and  water  a  melting  point  of  149.5°  to  150°  (cor.). 
Although  this  melting  point  is  8°  lower  than  that  of  Heller  or  of 
Slotta  and  Jacobi  ( 8 ),  further  recrystallizations  from  benzene 
or  from  benzene  and  petroleum  ether  failed  to  raise  it.  (This 
is  of  little  significance,  since  the  indicator  solution  used  prob¬ 
ably  contains  both  the  carbazide  and  the  carbazone.) 
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A  saturated  solution  of  diphenyl  carbazide  in  95  per  cent 
ethyl  alcohol,  which  gradually  turns  red  after  standing  for 
several  days,  was  used  as  the  indicator.  No  difference  in  action 
could  be  detected  between  this  solution,  a  fresh  solution  of  the 
carbazide,  and  a  diphenyl  carbazone  solution  in  alcohol. 

Sodium  Hydroxide.  Standard  0.1  A  and  0.025  N  solutions 
were  prepared  and  stored  by  the  usual  methods. 

Hydrochloric  Acid.  A  standard  0.1  A  solution  was  prepared 
from  constant-boiling  hydrochloric  acid. 

0.20  A  Nitric  Acid. 

Mercuric  Oxide,  c.  p.  mercuric  oxide  was  dissolved  in  1  to  1 
nitric  acid  and  filtered.  To  the  filtrate  was  added  8  M  sodium 
hydroxide  until  precipitation  was  complete.  The  precipitate 
was  filtered  and  washed  free  from  alkali  (phenolphthalein). 
The  yellow  mercuric  oxide  was  then  dried  over  phosphorus  pen- 
toxide  for  10  days,  during  which  period  it  was  powdered  from 
time  to  time. 

Mercuric  Nitrate  Solutions.  In  preparing  the  0.1  A  and 
0.025  A  solutions,  as  little  nitric  acid  as  possible  was  used. 
After  the  required  amount  of  mercuric  oxide  was  weighed  ac¬ 
curately  and  suspended  in  water,  the  calculated  equivalent 
amount  of  nitric  acid  was  added.  Then  to  the  well-stirred  mix¬ 
ture,  concentrated  nitric  acid  was  added  drop  by  drop  until 
complete  solution  took  place.  After  making  up  to  volume,  the 
solutions  were  no  more  than  0.01  A  with  respect  to  nitric  acid. 

Titration  Procedures 

With  0.1  A  mercuric  nitrate  the  following  procedure  has 
been  found  satisfactory : 

The  final  volume  of  the  solution  being  titrated  should  be 
about  80  to  100  cc.  If  the  chloride  solution  to  be  titrated  is 
acid,  it  should  first  be  neutralized  with  sodium  hydroxide.  If 
the  acid  titer  is  also  required,  5  drops  of  diphenyl  carbazide  are 
added  and  the  solution  is  titrated  with  standard  sodium  hy¬ 
droxide  to  the  orange  color.  Four  cubic  centimeters  of  0.2  A 
nitric  acid  are  added  and  the  solution  is  then  titrated  with  0.1  A 
mercuric  nitrate.  About  5  drops  before  the  end  point,  a  pink- 
violet  color  begins  to  develop;  at  the  end  point,  one  drop  changes 
the  color  from  a  light  violet  to  a  deep  blue-violet. 

Theoretically  the  blank  should  correct  not  only  for  the  4 
cc.  of  nitric  acid  added,  but  also  for  the  amount  of  nitric 
acid  present  in  the  mercuric  nitrate  used  in  the  titration. 
Actually  the  error  involved  in  neglecting  this  last  factor  is 
less  than  0.02  cc.  of  0.1  A  mercuric  nitrate,  if  the  amount  of 
nitric  acid  in  the  mercuric  nitrate  solution  is  less  than  0.01  A. 

With  0.025  A  mercuric  nitrate  additional  precautions  must 
be  taken: 

The  final  volume  of  the  solution  being  titrated  in  this  case 
should  be  65  ±  10  cc.  If  the  chloride  solution  to  be  titrated  is 
acid,  2  drops  of  0.2  per  cent  bromophenol  blue  are  added,  and 
the  solution  is  titrated  with  standard  sodium  hydroxide  to  the 
full  blue  color.  Four  cubic  centimeters  of  0.2  A  nitric  acid  are 
added,  then  5  drops  of  diphenyl  carbazide  indicator,  and  the 
solution  is  titrated  with  0.025  A  mercuric  nitrate  to  a  definite 
pink  color,  which  can  be  reproduced  to  =*=0.02  cc.,  with  the  aid 
of  a  daylight  lamp.  The  yellow  color  imparted  by  the  bromo¬ 
phenol  blue  in  no  way  interferes  with  the  mercuric  nitrate  end 
point,  and  to  make  conditions  uniform  for  all  experiments  pre¬ 
sented  here,  2  drops  of  bromophenol  blue  are  added  to  all  titra¬ 
tion  mixtures  where  0.025  A  mercuric  nitrate  is  used. 

The  blank  correction  is  determined  not  only  with  2  drops 
of  0.2  per  cent  bromophenol  blue  and  4  cc.  of  nitric  acid,  but 
also  with  nitric  acid  equivalent  to  the  amount  of  acid  in  the 
mercuric  nitrate  used  in  the  titration.  Neglecting  the  latter 
may  cause  as  much  as  0.07  cc.  error  in  the  blank. 

The  experiments  listed  in  Table  I,  where  the  acidity 
was  being  varied,  may  be  divided  into  2  groups : 

In  Nos.  1  to  3,  most  of  the  mercuric  nitrate  used  had  to  be 
first  neutralized,  while  in  Nos.  4  to  8  no  such  neutralization  was 
necessary.  Nos.  1  to  3  were  performed  by  pipetting  5.020  =±= 
0.005  cc.  of  0.10524  A  potassium  chloride  and  running  in  20.00  cc. 
of  0.02455  A  mercuric  nitrate.  The  acid  was  then  titrated  with 
0.025  A  sodium  hydroxide  to  bromophenol  blue,  the  specified 
amount  of  nitric  acid  and  5  drops  of  diphenyl  carbazide  were 
added,  and  the  mercuric  nitrate  titration  was  completed.  In 


Nos.  4  to  8,  to  the  5  cc.  of  potassium  chloride  were  added  2  drops 
of  bromophenol  blue,  the  specified  amount  of  nitric  acid,  and  5 
drops  of  diphenyl  carbazide.  The  solution  was  then  titrated 
with  mercuric  nitrate. 

An  accurate  determination  of  the  acidity  of  a  mercuric 
nitrate  solution  may  be  made  by  the  sodium  hydroxide  titra¬ 
tion  mentioned  just  above.  Mercuric  oxide  will  not  pre¬ 
cipitate  during  the  titration  with  alkali  if  an  excess  of  chlo¬ 
ride  ion  is  present  and  if  the  solution  is  dilute. 

Discussion  of  Results 

The  accuracy  obtainable  by  this  method  is  shown  by  com¬ 
parative  results  obtained  by  titration  of  0.1  A  hydrochloric 
acid  and  0.1  A  potassium  chloride  with  0.10742  A  mercuric 
nitrate,  and  by  other  methods.  The  accuracy  is  never  poorer 
than  0.3  per  cent. 

Concentration  of  KC1 

From  weight  of  KC1  used  0. 1052i  N 

From  Hg(NC>3)2  titration  0.1050’  N 

Concentration  of  HC1 

From  NaOH  titration  0.1042oN 

From  Hg(NC>3)2  titration  0.10433.?/ 

The  effect  of  acidity  on  the  titration  can  be  seen  in  Table  I. 
The  titer  given  in  the  third  column  is  the  mean  of  two  values 
never  deviating  by  more  than  0.04  cc.  except  in  No.  8. 
The  blank  was  determined  for  the  total  amount  of  nitric  acid 
from  the  two  sources.  It  is  obvious,  upon  comparison  of  the 
final  corrected  titer  with  the  calculated  value  of  21.52  cc., 
that  above  pH  2.0  the  titers  are  all  too  low,  as  expected  from 
the  discussion  above.  The  agreement  is  good  in  the  range 
1.5  to  2.0.  Below  pH  1.5,  the  sensitivity  and  the  precision 
are  both  lowered ;  the  results,  however,  are  invariably  correct 
within  the  reduced  precision  at  these  acidities,  when  the 
blank  correction  is  applied.  In  the  pH  range  1.5  to  7.0,  the 
end  point  is  sharp  whether  or  not  the  absolute  value  of  the 
titer  is  correct. 

Table  I.  Effect  of  Acidity  on  Titration 

(Titration  of  5.020  cc.  of  0.10524  N  KCL  with  0.02455  N  Hg(NC>3)2;a 
calculated  titer  =  21.52  cc.) 


0.2  JYHNOs 

HNOj 

Titer 

No. 

Added 

pHi- 

Titer 

Blank 

(Cor.) 

Cc. 

Cc. 

Cc. 

1 

0.35 

2.9 

20.76 

0.01 

20.75 

2 

0.70 

2.6 

21.11 

0.01 

21.10 

3 

1.2 

2.4 

21.30 

0.02 

21.28 

4 

2.0 

2.0 

21.53 

0.06 

21.47 

5 

3.0 

1.9 

21.60 

0.10 

21.50 

6 

4.0 

1.8 

21.66 

0.15 

21.51 

7 

6.0 

1.7 

21.76 

0.22 

21.54 

8 

10.0 

1 . 5 

21.90 

0.36 

21.54 

a  This  mercuric  nitrate  solution  was  0.0078  JV  with  respect  to  nitric  acid. 
b  Calculated  from  the  nitric  acid  added  to  the  titration  mixture  from  the 
two  sources. 

These  pH  values  are  significant  only  for  the  titration 
conditions  described  here.  Variation  in  the  volume  of  the 
solution  being  titrated  and  in  the  amount  of  indicator  used 
will  probably  shift  the  optimum  pH  range  through  displace¬ 
ment  of  the  various  equilibria  described  above. 

According  to  the  theory  of  the  titration  presented  here,  an 
increase  in  the  concentration  of  mercuric  chloride  present 
should  probably  decrease  the  titer.  This  has  been  found  to 
be  true,  but  titration  of  varying  amounts  of  potassium  chlo¬ 
ride  (1  to  10  cc.  of  0.1  A  potassium  chloride)  using  from  5  to 
45  cc.  of  mercuric  nitrate  (0.025  A)  on  the  buret,  shows  a 
maximum  error  of  0.2  per  cent  due  to  this  effect. 

The  titration  has  already  been  applied  successfully  in 
determination  of  iodide  (2)  and  silver  (5).  It  has  been  used  in 
this  laboratory  to  determine  mercuric  ion  in  dilute  solution. 
This  is  done  by  adding  a  known  amount  of  chloride  (excess), 
titrating  the  acid  to  a  bromophenol  blue  end  point,  adjusting 
the  acidity,  and  titrating  with  mercuric  nitrate  to  a  diphenyl 
carbazide  end  point. 
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Summary 

The  titration  of  chloride  ion  with  mercuric  nitrate  solution 
using  diphenyl  carbazide  indicator  has  been  found  to  give 
accurate  results  in  a  definite  range  of  acidity.  A  probable  ex¬ 
planation  is  given.  Mercuric  oxide  may  be  used  as  a  primary 
standard  in  the  preparation  of  mercuric  nitrate  solutions. 
With  the  method  given  above,  the  accuracy  of  the  method  is 
better  than  0.3  per  cent  with  ordinary  volumetric  apparatus. 
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Special  Head  for  Kjeldahl  Distillation  Apparatus 

CHAS.  E.  WEAKLEY,  Jr. 

West  Virginia  Agricultural  Experiment  Station,  Morgantown,  W.  Va. 


UNITS  for  Kjeldahl  distillations  usually  are  so  constructed 
as  to  require  a  glass  connecting  bulb  of  some  descrip¬ 
tion  to  connect  the  flask  with  the  condensing  apparatus. 
Theoretically  this  setup  is  all  that  can  be  desired,  since  the 
connecting  bulb  holds  back  any  spray  from  the  boiling  liquid 
and  breaks  up  any  foaming  which  may  occur.  However,  the 
flasks  have  nothing  to  hold  them  securely  in  place  other  than 
a  rubber  connection  at  the  top,  and  most  distillations  of  this 
kind  do  some  bumping. 

Figure  1  shows  a  modified  Kjeldahl  distillation  apparatus 
which  has  been  successfully  used  in  this  laboratory.  It  con¬ 
sists  of  a  well-known  manufactured  unit  with  the  addition 
of  special  metal  heads  to  take  the  place  of  the  usual  glass 
connecting  bulbs.  Figure  2  is  a  cross  section  of  the  head  and 
is  self-explanatory.  The  block-tin  condenser  tube  which 
comes  with  this  particular  apparatus  is  the  right  length  to 
be  soldered  into  the  head  and  should  extend  to  within  2  or  3 
mm.  of  the  top  (soldered  cap).  These  heads  are  held  se¬ 
curely  in  place  by  a  strip  of  wood  32  mm.  (1.25  inches)  wide, 
sawed  off  longitudinally  through  the  centers  of  the  32-mm. 
(1.25-inch)  holes  in  which  the  heads  are  placed.  A  long  screw 
between  each  two  heads  and  at  the  ends  holds  them  securely 
in  position  after  they  are  adjusted  properly  for  height.  The 
wire  gauze  and  glass  beads  completely  break  up  and  return 
to  the  flask  any  spray  or  foam  which  may  occur. 

The  operation  of  the  unit  is  very  simple:  The  rubber 


Figure  2.  Kjeldahl  Distillation  Head 
(All  dimensions  in  millimeters) 


stopper  is  pushed  to  the  top  of  the  lower  tube,  the  800-cc. 
Kjeldahl  flask  put  in  position,  and  the  stopper  pushed  down 
with  a  twist  into  the  neck  of  the  flask,  holding  it  tightly. 

Figure  1  also  shows  supports  for  the  receiving  flasks  which 
are  very  convenient,  especially  in  adjusting  the  delivery  tubes 
to  the  proper  depth  in  the  acid.  If  these  tubes  are  made  suf¬ 
ficiently  large  (inverted  filter  tubes  serve  nicely)  and  are  kept 
just  under  the  surface  of  the  acid,  there  will  be  no  danger  of 
acid  sucking  up  into  the  condensers  because  of  uneven  heat¬ 
ing. 

Received  May  21,  1936.  Published  with  the  approval  of  the  Director, 
West  Virginia  Agricultural  Experiment  Station,  as  Scientific  Paper  168. 


Figure  1.  Modified  Kjeldahl  Distillation 
Apparatus 
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Determination  of  Gold  in  Dental  Gold  Alloys 

J.  LEWIS  MAYNARD,  University  of  Minnesota,  Minneapolis,  Minn. 


THE  present  method  was  devised  to  shorten  the  time  re¬ 
quired  for  the  accurate  determination  of  gold  in  dental 
gold  alloys.  The  chief  components  of  sixty  of  these  alloys 
analyzed  by  the  author  are  gold,  silver,  copper,  platinum,  and 
palladium.  Small  amounts  of  iridium,  probably  present  in 
the  platinum  used,  have  been  encountered.  The  base  metals 
noted  in  addition  to  copper  were  nickel,  zinc,  tin,  and  indium. 

The  general  basis  of  the  author’s  procedure  is  the  excellent 
scheme  of  analysis  developed  by  Swanger  (1).  Gold  is  pre¬ 
cipitated  by  sulfur  dioxide  after  the  removal  of  silver,  iridium, 
and  tin.  In  the  presence  of  platinum  and  palladium  appre¬ 
ciable  quantities  of  these  metals  are  carried  down  with  gold, 
and  a  reprecipitation  of  the  latter  with  oxalic  acid  is  neces¬ 
sary  (2).  This  step  in  itself  requires  a  minimum  of  4  hours, 
and  it  was  with  a  view  of  shortening  this  part  of  the  procedure 
that  the  present  method  was  devised. 

A  search  for  a  reagent  that  would  satisfactorily  precipitate 
gold  alone  in  the  presence  of  platinum  and  palladium  resulted 
in  the  selection  of  tetraethylammonium  chloride.  This  sub¬ 
stance  is  regularly  listed  in  the  Synthetic  Organic  Chemicals 
Catalog  of  the  Eastman  Kodak  Company.  An  aqueous  solu¬ 
tion  of  the  salt  yields  with  auric  gold  a  difficultly  soluble  ca¬ 
nary-yellow  precipitate  that  is  found  to  be  free  from  platinum 
and  palladium  when  the  precipitation  is  made  in  the  presence 
of  salts  of  these  two  metals.  It  was  hoped  that  the  precipi¬ 
tate  could  be  washed,  dried,  and  then  weighed  directly  for  the 
determination  of  gold.  However,  losses  occurred  during 
washing  with  water  or  with  alcohol,  and  it  was  found  neces¬ 
sary  to  wash  with  a  15  per  cent  aqueous  solution  of  the  re¬ 
agent.  Furthermore,  analyses  showed  that  the  precipitate 
was  not  of  ideal  composition,  and  could  only  be  approxi¬ 
mately  expressed  as  two  molecules  of  tetraethylammonium 
chloride  for  each  molecule  of  auric  chloride. 

With  direct  weighing  out  of  the  question,  ignition  of  the  pre¬ 
cipitate  to  metallic  gold  was  attempted.  This  was  found  to 
be  inadvisable,  since  frothing  resulted  in  a  loss  of  material 
even  at  the  relatively  low  temperature  necessary  for  the  de¬ 
composition  of  the  compound.  A  satisfactory  procedure  was 
arrived  at  by  the  use  of  a  reducing  agent  on  the  precipitated 
gold  compound.  W.  M.  Lauer  of  this  university  suggested 
the  use  of  glucose,  and  it  was  found  by  the  author  that  a  hot 
alkaline  20  per  cent  aqueous  solution  brought  about  rapid 
reduction  to  metallic  gold.  Mirrors  were  not  formed,  the 
metal  settled  rapidly  and  presented  no  difficulties  in  filtering. 

Detailed  Procedure  for  Analysis 

About  0.5  to  0.7  gram  of  a  dental  alloy  is  dissolved  in  aqua  re¬ 
gia.  The  solution  is  freed  from  silver,  iridium,  and  tin,  and  then 
the  gold  is  precipitated  with  sulfur  dioxide.  These  steps  are  all 
carried  out  according  to  the  directions  given  by  Swanger  (3). 
The  precipitated  gold  is  filtered  off,  washed  thoroughly  with  hot 
1  per  cent  hydrochloric  acid,  and  then  dissolved  in  20  cc.  of  dilute 
aqua  regia.  The  paper  pulp  is  filtered  off  and  washed  with  hot  1 
per  cent  hydrochloric  acid.  The  filtrate  is  boiled  down  to  a  vol¬ 
ume  of  from  2  to  3  cc.  and  after  the  addition  of  5  cc.  of  concen¬ 
trated  hydrochloric  acid  the  solution  is  again  evaporated  to  a 
volume  of  about  3  cc.  Water  is  added  to  bring  the  volume  up  to 
20  cc.  (10  cc.  if  the  amount  of  gold  present  is  less  than  10  mg.),  and 
then  a  15  per  cent  aqueous  solution  of  tetraethylammonium  chlo¬ 
ride  is  added.  For  each  0.1  gram  of  the  sample  4  cc.  of  the  re¬ 
agent  solution  should  be  added. 

The  yellow  precipitate  formed  is  allowed  to  settle  for  15  min¬ 
utes.  It  is  then  filtered  off  on  a  paper  of  the  grade  of  Schleicher 
and  Schiill  No.  589,  Blue  Ribbon,  and  washed  four  times  with  5- 
cc.  portions  of  the  15  per  cent  solution  of  the  reagent.  The  fil¬ 
trate  contains  any  platinum  and  palladium  carried  down  with  the 
gold  during  the  sulfur  dioxide  precipitation.  Paper  and  precipi¬ 
tate  are  transferred  to  a  beaker  and  covered  with  35  cc.  of  a  freshly 


prepared  20  per  cent  aqueous  glucose  solution  to  which  2  grams 
of  sodium  hydroxide  have  been  added.  After  boiling  for  1  minute 
an  equal  volume  of  water  is  added.  The  liquid  is  then  decanted 
from  the  filter  paper  and  metallic  gold,  being  poured  through  a 
filter  to  retain  any  small  particles  of  gold  that  may  be  suspended 
in  the  liquid.  Filter  paper  and  metallic  gold  remaining  in  the 
beaker  are  boiled  with  25  cc.  of  concentrated  hydrochloric  acid 
until  the  paper  is  disintegrated.  An  equal  volume  of  water  is 
added  and  the  paper  pulp  and  gold  are  filtered  off  onto  the  same 
paper  through  which  the  decanted  liquid  had  been  poured. 
After  thorough  washing  with  hot  water  and  then  preliminary 
drying  at  120°  C.,  paper  and  gold  are  ignited  in  a  porcelain  cru¬ 
cible.  The  above  procedure  can  be  carried  to  completion  within 
a  period  of  3  hours  after  the  beginning  of  the  precipitation  of  the 
gold  with  sulfur  dioxide. 

As  stated  above,  the  filtrate  from  the  tetraethylammonium 
chloride  precipitation  of  the  gold  contains  any  platinum  and  pal¬ 
ladium  carried  down  during  the  original  sulfur  dioxide  precipita¬ 
tion.  These  small  amounts  of  platinum  and  palladium  are  re¬ 
covered  as  sulfides  in  the  usual  way,  then  dissolved  in  aqua  regia 
and  returned  to  the  main  portion  of  the  solution  containing  these 
and  other  components  of  the  alloy.  This  portion  of  the  analysis 
can  be  resumed  in  approximately  2  hours  after  the  beginning  of 
the  sulfur  dioxide  precipitation  of  gold.  When  oxalic  acid  is  used 
to  separate  gold  from  small  amounts  of  platinum  and  palladium, 
the  determination  of  these  metals,  copper,  and  others  such  as 
nickel  and  zinc  cannot  be  carried  forward  until  from  6  to  7  hours 
after  the  beginning  of  the  sulfur  dioxide  precipitation  of  gold. 

Accuracy  of  Gold  Determination 

Table  I  shows  the  results  of  determinations  made  by  the 
present  method  on  solutions  containing  known  amounts  of 
gold,  platinum,  and  palladium. 


Table  I.  Results  of  Determinations 


Au,  Pt,  and  Pd  in 
lution 

Each  So- 

Au,  Pt, 

and  Pd  Found  by 
Analysis 

Solution 

Au 

Pt 

Pd 

Au 

pt 

Pd 

Gram 

Gram 

Gram 

Gram 

Gram 

Gram 

1 

0.2006 

0 . 0020 

0 . 0020 

0.1997 

0.0020 

0.0019 

2 

0 . 2006 

0 . 0040 

0.0033 

0  2002 

0.0039 

0.0034 

3 

0.1003 

0 . 1000 

0.0830 

0.1001 

0.1004 

0.0833 

4 

0 . 0020 

0  1000 

0.0830 

0 . 0020 

0.1002 

0.0832 

5 

0.0020 

0 . 2000 

0.1660 

0.0019 

0.2003 

0.1664 

Since  Swanger  has  made  a  series  of  determinations  showing 
the  amount  of  platinum  and  palladium  carried  down  with 
gold  in  the  sulfur  dioxide  precipitation  (2),  it  was  not  deemed 
necessary  to  repeat  this  work  in  all  determinations  made  by 
the  present  method.  Table  II  shows  the  amount  of  con¬ 
tamination  of  gold  in  a  series  of  three  determinations. 

Table  II.  Contamination  of  Gold 

Pt  and  Pd  Recov¬ 
ered  from  Filtrate  of 
Tetraethylammonium 
Chloride  Precipita- 


Au,  Pt,  and  Pd  in  Each  Sample 

tion  of  Au 

Au  Pt 

Pd 

pt 

Pd 

Gram  Gram 

Gram 

Gram 

Gram 

0.0010  0.1025 

0 . 0002 

0.1000  0.1025 

0 iozo 

0.0023 

O' 0027 

0.2000  0.0021 

0.0020 

0.0003 

0 . 0004 

It  will  be  seen  from  Table  III,  showing  the  results  of  analy¬ 
ses  of  typical  dental  alloys,  that  the  present  method  compares 
favorably  with  the  sulfur  dioxide-oxalic  acid  method  for  the 
determination  of  gold  in  the  presence  of  platinum  and  palla¬ 
dium.  Each  alloy  was  analyzed  by  the  present  method  and 
by  the  procedure  worked  out  by  Swanger.  With  the  excep¬ 
tion  of  the  values  given  for  gold,  the  percentages  listed  repre¬ 
sent  the  average  value  of  two  determinations. 

The  cost  of  the  tetraethylammonium  chloride  used  in  the 
determination  is  based  upon  a  price  of  $6.00  per  100  grams 
quoted  in  Eastman  Organic  Chemicals  List  No.  26,  April, 
1935.  For  a  0.7-gram  sample,  the  largest  used  by  the  author 
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Table  III.  Analyses  of  Dental  Alloys 

Au  by  Au 

Alloy  S02  and  by 


*No. 

Ag 

Pd 

Cu 

Pt 

Ni 

Zn 

H2C20, 

T  otal 

EtiNCl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

1 

9.16 

8.98 

2.38 

1.95 

1.39 

76.06 

99.92 

75.99 

2 

25.59 

3 '89 

8.49 

2.49 

59.24 

99.70 

59.69 

3 

9.41 

11.45 

8.77 

0.37 

1 ' 54 

68.56 

100.10 

68.49 

4 

43.77 

22.23 

13.71 

2.97 

17.23 

99.91 

17.41 

5 

16.75 

4.15 

22.85 

56.32 

100.07 

56.68 

6 

45.19 

3.99 

O'  59 

49.96 

99.73 

50. 12 

7“ 

44.02 

28.02 

14*  02 

1.55 

11.16 

99.80 

11.21 

8*> 

15.46 

14.  14 

2.76 

4 '99 

60.34 

99.85 

60.69 

0  Contains  1.03%  indium. 
6  Contains  2.16%  tin. 


in  the  analysis  of  any  dental  gold  alloy,  a  total  of  48  cc.  of  the 
15  per  cent  aqueous  solution  of  the  reagent  is  required.  This 
brings  the  reagent  cost  to  $0.37.  Against  this  cost,  however, 
may  be  set  up  the  very  considerable  saving  in  time  involved. 

Summary 

The  time  required  for  the  determination  of  gold  in  dental 
gold  alloys  is  materially  shortened  by  the  use  of  tetraethylam- 


monium  chloride  as  a  reagent  for  gold.  Tetraethylammonium 
chloride  quantitatively  precipitates  gold  in  the  presence  of 
small  amounts  of  platinum  and  palladium  carried  down  with 
gold  that  has  been  precipitated  by  sulfur  dioxide. 

Acknowledgment 

The  author  wishes  to  acknowledge  the  courtesy  shown  by 
Kenneth  Casselman  of  the  W.  E.  Mowrey  Company,  St. 
Paul,  Minn.,  in  furnishing  all  the  alloys  used  in  the  pursuit  of 
this  research. 

Literature  Cited 

(1)  Swanger,  W.  H.,  Bur.  Standards,  Sci.  Paper  532  (1926). 

(2)  Ibid,.,  pp.  225  -6. 

(3)  Ibid.,  pp.  217-27. 

Received  July  28,  1934.  Resubmitted  April  13,  1936.  Presented  in  part 
before  the  Division  of  Physical  and  Inorganic  Chemistry  at  the  87th  Meeting 
of  the  American  Chemical  Society,  St.  Petersburg,  Fla.,  March  26  to  30, 
1934. 


Bactericidal  Value  of  Coal-Tar  Disinfectants 

Limitations  of  the  B.  Typhosus  Phenol  Coefficient  as  a  Measure 

EMIL  KLARMANN  AND  Y.  A.  SHTERNOV,  Plaut  Research  Laboratory,  Lehn  &  Fink,  Inc.,  Bloomfield,  N.  J. 


ALTHOUGH  it  has  been  customary  for  many  years  to 
describe  the  potency  of  germicides  in  terms  of  phenol 
coefficients,  nevertheless  it  is  not  at  all  unusual  to  find  that 
this  term  is  still  being  used  with  an  incomplete  realization  of 
its  significance.  It  is  overlooked  that  when  used  without  any 
other  qualifications,  it  refers  to  one  microorganism  only,  B. 
typhosus.  It  is  assumed,  often  by  erroneous  implication, 
that  the  germicidal  effect  upon  other  pathogenic  micro¬ 
organisms  corresponds  to  that  upon  B.  typhosus — i.  e.,  that 
a  disinfectant  with  a  phenol  coefficient  of  10  for  instance,  is  ten 
times  more  potent  than  phenol,  not  only  with  respect  to 
B.  typhosus,  but  to  all  other 
pathogenic  microorganisms  as 
well. 

There  exist  certain  quantita¬ 
tive  relationships  in  the  effects 
of  a  number  of  germicides  upon 
different  pathogenic  micro¬ 
organisms,  of  such  a  character 
that  from  the  observed  action 
upon  B.  typhosus  it  is  possible  to 
draw  a  conclusion  concerning  the 

I  probable  action  upon  other 
microorganisms;  but  there  are 
other  instances  in  which  any  such 
relation  is  completely  lacking. 

The  following  discussion  will  be 
limited  to  disinfectants  of  coal- 
tar  origin,  because  the  statement 
of  germicidal  potency  in  terms 
of  phenol  coefficient  is,  or  should 
be,  restricted  to  this  class  of 
products,  by  a  more  or  less 
common  agreement. 

It  is  not  intended  to  give  a  de¬ 
tailed  review  of  preceding  pub¬ 
lications  which  deal  with  the 
limitations  involved  in  any  at¬ 


tempted  interpretation  of  the  germicidal  potency  of  disin¬ 
fectants  on  the  basis  of  their  B.  typhosus  phenol  coefficients 
alone  (2,  6).  However,  considerable  study  has  been  de¬ 
voted  to  this  subject  by  previous  investigators. 

Two  Groups  of  Coal-Tar  Disinfectants 

Although  the  term  “coal-tar  disinfectants”  is  often  used  in 
a  general  sense,  it  is  important  to  remember  that  there  are 
two  different  groups  of  products  falling  under  this  classifica¬ 
tion,  each  with  very  definite  characteristics — viz.,  the  cre- 
sylic  and  the  tar-oil  groups.  The  former  comprises  prepara¬ 
tions  containing  as  active  prin¬ 
ciple  phenol  derivatives  of  low 
molecular  weight,  such  as  the 
isomeric  cresols  and  xylenols; 
the  cresol  compound  of  the  U.  S. 
Pharmacopoeia  is  the  outstand¬ 
ing  example  of  this  class.  The 
products  of  the  latter  group  con¬ 
tain,  in  addition  to  phenolic 
constituents,  varying  propor¬ 
tions  of  coal-tar  hydrocarbons, 
mostly  mono-  and  dimethylnaph- 
thalenes,  which  are  derived  from 
the  so-called  neutral  oil.  Soaps 
made  from  vegetable  oils  or 
resins  form  an  essential  part  of 
the  formulas  of  both  groups, 
their  miscibility  with  water  being 
due  to  the  presence  of  soap. 
Physically,  the  two  classes  may 
be  distinguished  by  the  appear¬ 
ance  of  their  mixtures  with 
water;  in  low  concentrations, 
the  cresylic  disinfectants  form 
practically  clear  aqueous  solu¬ 
tions,  while  those  of  the  tar-oil 
group  show  a  milky  turbidity. 


The  phenol  coefficient  which  is  used 
extensively  as  a  yardstick  of  the  germicidal 
potency,  not  only  of  pure  phenol  deriva¬ 
tives  but  also  of  technical  coal-tar  disin¬ 
fectants,  is  not  of  itself  satisfactory  for  this 
purpose.  In  the  former  case  it  becomes  in¬ 
operative  with  compounds  of  higher  mo¬ 
lecular  weight,  in  the  latter  it  tends  to  give 
an  exaggerated  picture  of  the  germicidal 
potency  of  certain  so-ealled  emulsifiable  or 
tar-oil  disinfectants,  owing  to  the  presence 
of  naphthalene  hydrocarbons,  although 
being  more  definitive  in  the  case  of  the 
cresylic  disinfectants.  The  determination 
of  a  supplementary  Streptococcus  phenol 
coefficient,  in  addition  to  the  established 
B.  typhosus  phenol  coefficient,  would  pre¬ 
vent  incorrect  ideas  concerning  the  general 
germicidal  potency  of  certain  disinfectants, 
arising  from  a  consideration  of  their  B. 
typhosus  phenol  coefficients  alone. 
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Table  I.  Germicidal  Action  of  ji-Alkylphenyl  Derivatives  at  37°  C. 


B.  typhosus  Staph,  aureus  M.  tuberculosis  ( hom .)  Monilia  albicans 


Concen- 

Phenol 

coeffi- 

Concen- 

Phenol 

coeffi- 

Concen- 

Phenol 

coeffi- 

Concen- 

Phenol 

coeffi- 

trationa 

cient 

trationa 

cient 

tration® 

cient 

tration“ 

cient 

Phenol 

1:150-160 

1.0 

1 :70-80 

1.0 

1:90-100 

1.0 

1:90-100 

1.0 

2-Methyl 

1:350 

2.3 

1:160 

2.3 

1:200 

2.0 

1:200 

2.0 

3-Methyl 

1:350 

2.3 

1:160 

2.3 

1:200 

2.0 

1:200 

2.0 

4-Methyl 

1:350 

2.3 

1:160 

2.3 

1:200 

2.0 

1:200 

2.0 

4-Ethyl 

1:1000 

6.3 

1:500 

6.3 

1:600 

6.7 

1:700 

7.8 

2,4-Dimethyl 

1:800 

5.0 

1:350 

4.4 

1:400 

4.0 

1:500 

5.0 

2,5-Dimethyl 

1:800 

5.0 

1:350 

4.4 

1:400 

4.0 

1:400 

4.0 

3,4-Dimethyl 

1:800 

5.0 

1:300 

3.8 

1:400 

4.0 

1:400 

4.0 

2,6-Dimethyl 

1 :600 

3.8 

1:350 

4.4 

1:400 

4.0 

1:350 

3.5 

4-n-Propyl 

1:2750 

18.3 

1:1300 

16.3 

1:1600 

17.8 

1:1600 

17.8 

4-n-Butyl 

1:7000 

46.7 

1:3500 

43.7 

1:4000 

44.4 

1:4000 

44.4 

4-n-Amyl 

1:8000 

53.3 

1:10,000 

125.0 

1:12,000 

133.0 

1:14,000 

156.0 

4-£er£-Amyl 

1:4500 

30.0 

1:7500 

93.8 

1:10,000 

111.1 

1:10,000 

100.0 

4-n-Hexyl 

1 :5000 

33.3 

1:25,000 

313.0 

1:35,000 

389.0 

1:30,000 

333.0 

4-n-Heptyl 

(1:2500) 

(16.7) 

1:50,000 

625.0 

1:60,000 

667.0 

1:50,000 

556.0 

°  Minimum  concentrations  effective  in  10  minutes. 

Germicidal  Action  of  Phenol  Homolog: 


Before  discussing  the  relationship  between  the  composi¬ 
tion  of  the  various  technical  coal-tar  disinfectants  and  then- 
action  upon  different  pathogenic  microorganisms,  it  is  well 
to  consider  the  pertinent  conditions  obtaining  in  the  case  of 
definite  phenol  homologs.  Table  I  gives  the  quantitative 
results  obtained  with  B.  typhosus,  Staphylococcus  aureus, 
Mycobacterium  tuberculosis  (hom.),  and  Monilia  albicans  ( 3 ). 
The  consideration  of  the  minimum  germicidal  concentrations 
and  of  the  phenol  coefficients  calculated  therefrom  discloses 
that  in  this  series  the  germicidal  potency  with  regard  to  all 
four  test  organisms  increases  with  the  increasing  molecular 
weight  until  the  amyl  derivative  is  reached;  beginning  with 
this  point,  the  further  increase  of  the  molecular  weight  pro¬ 
duces  a  very  considerable  increase  of  the  germicidal  action 
upon  Staphylococcus  aureus,  Mycobacterium  tuberculosis  {hom.), 
and  Monilia  albicans,  while  with  respect  to  B.  typhosus  then- 
effect  drops,  becoming  rather  indefinite  in  the  case  of  the 
heptylphenol,  which  nevertheless  shows  considerable  efficacy 
against  the  other  three  test  organisms.  The  figures  indi¬ 
cate  that  in  the  case  of  the  compounds  up  to  and  including 
butylphenol,  the  B.  typhosus  phenol  coefficient  might  serve 
as  a  reasonably  accurate  index  of  germicidal  potency,  since  a 
compound  which  is,  for  example,  2,  6,  18,  or  45  times,  respec¬ 
tively,  more  effective  than  phenol  against  B.  typhosus,  is  also 
approximately  as  many  times  more  effective  against  the  other 
vegetative  microorganisms.  However,  beginning  with  the 
amyl  compound,  this  relation  ceases  to  exist;  in  this  case, 
as  well  as  in  that  of  the  higher  homologs,  the  B.  typhosus 
phenol  coefficient  is  no  longer  an  index  of  the  general  germi¬ 
cidal  efficacy. 

While  it  is  not  claimed,  of  course,  that  all  the  normal 
alkylphenols  fisted  in  Table  I  occur  in  coal-tar  disinfectants  or 
in  disinfectants  made  from  tar  acids,  the  conditions  found  in 
this  series  of  homologous  phenol  derivatives  are  referred  to  in 
order  to  demonstrate  the  existence  of  certain  functional  rela¬ 
tionships  between  the  chemical  constitution  and  germicidal  ac¬ 
tion.  However,  attention  is  called  to  the  results  obtained  with 
the  pure  cresols  and  xylenols  (methyl  and  dimethyl  phenols) 
given  in  Table  I  and  also  in  Table  II  in  which  the  parallelism 
in  the  germicidal  effects  upon  different  microorganisms  is 
distinctly  evident.  These  results  are  significant,  particularly 
because  cresols  and  xylenols  occur  in  the  usual  run  of  coal- 
tar  disinfectants.  (The  experimental  conditions  of  the  tests 
described  in  Tables  I  and  II  differ,  in  that  in  the  former  case 
the  temperature  at  which  the  culture  was  exposed  to  the 
action  of  the  disinfectant  solution  was  37°  C.,  in  the  latter 
20°  C.) 

It  may  be  mentioned  in  passing  that  the  term  “quasi- 
pecific”  has  been  proposed  previously  by  the  authors  to  de- 
cribe  the  effect  such  as  that  shown  by  n-heptyl  phenol  which 


is  extremely  active  against  Staphylo¬ 
coccus  aureus  and  yet  little  effective 
against  B.  typhosus. 

Effect  of  Technical  Coal-Tar 
Disinfectants 

In  applying  these  findings  to  the  usual 
variety  of  cresylic  disinfectants,  which 
as  a  rule  contain  the  cresol  and  xylenol 
isomers,  the  B.  typhosus  phenol  coeffi¬ 
cient  may  be  expected  to  give  a  reason¬ 
able  idea  of  their  general  germicidal 
potency.  This  is  borne  out  by  the  re¬ 
sults  obtained  with  certain  commercial 
cresylic  disinfectants  of  different  germi¬ 
cidal  strengths  fisted  in  the  first  part  of 
Table  III. 

Table  III  gives  in  its  second  part  the  results  obtained  with 
six  commercial  tar-oil  disinfectants,  and  here  the  picture  is 
entirely  different.  Although  the  preparations  are  fisted  in 
the  order  of  their  B.  typhosus  phenol  coefficient,  beginning 
with  the  lowest  figure,  there  is  no  regularity  in  the  relation¬ 
ship  between  the  B.  typhosus  phenol  coefficient  and  the  phenol 
coefficients  obtained  with  the  other  microorganisms.  By  way 
of  comparison  with  the  disinfectants  of  the  cresylic  group, 
where  the  ratio  of  the  B.  typhosus  and  Streptococcus  phenol  co¬ 
efficients,  for  example,  is  not  in  excess  of  approximately  2  to  1 
for  any  given  product,  in  the  tar-oil  group  there  occur  such 
ratios  as  8  to  1  or  even  20  to  1. 

A  comparison  of  the  germicidal  effects  upon  B.  typhosus  and 
Streptococcus  hernolyticus  of  a  number  of  technical  tar-oil  and 
cresylic  disinfectants  was  reported  recently  by  Philbrick  (4). 
His  findings  substantiate  the  contention  that  the  B.  typhosus 
phenol  coefficient  is  unable  to  furnish  an  adequate  description 
of  the  germicidal  potency  of  coal-tar  disinfectants.  This 
author  fists  certain  products  whose  comparatively  high  B. 
typhosus  phenol  coefficients  of  over  3  would  conceal  the  fact 
that  they  are  from  about  ten  to  thirty  times  less  effective 
against  Streptococcus  hernolyticus,  thus  tending  to  misrepre¬ 
sent  their  germicidal  value.  Reference  is  made  in  this 
connection  also  to  the  very  instructive  paper  by  Brewer  and 
Ruehle  ( 1 )  in  which  a  considerable  number  of  similar  phenol 
coefficient  relationships  (with  B.  typhosus  and  Staphylococcus 
aureus)  are  given  for  both  the  tar-oil  and  the  cresylic  disin¬ 
fectants. 

Neutral  Oil  in  Emulsifiable  or  Tar-Oil 
Disinfectants 

The  domestic  tar-oil  disinfectants  contain  varying  propor¬ 
tions  of  “neutral  oil,”  consisting  mostly  of  methyl-  and  di- 
methylnaphthalenes,  besides  other  hydrocarbons  (fluorene, 
acenaphthene),  organic  bases  (quinoline,  pyridine)  and  their 
alkyl  derivatives,  certain  oxygenated  compounds,  organic 
sulfur  compounds,  etc.  Neutral  oil  contains  practically  no 
phenol  or  phenol  derivatives.  Obviously,  therefore,  the  anti¬ 
bacterial  action  of  disinfectants  containing  considerable  pro¬ 
portions  of  neutral  oil  hydrocarbons  cannot  be  expected  to 
show  the  functional  regularity  encountered  in  the  case  of 
phenolic  germicides.  Few  systematic  data  are  available 
concerning  the  anti-bacterial  properties  of  neutral  oil,  or  its 
effect  as  an  admixture  to  phenolic  germicides. 

In  an  effort  to  obtain  further  information  on  this  subject,, 
the  authors  prepared  and  tested  saponaceous  (linseed-oil 
soap)  mixtures  of  U.  S.  P.  cresol  with  neutral  oil  containing 
various  proportions  of  these  two  constituents.  Admittedly, 
such  mixtures  are  not  entirely  representative  of  the  com¬ 
position  of  the  technical  tar-oil  disinfectants,  but  there  is 
enough  resemblance  to  justify  their  use  in  a  systematic  in- 
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Phenol 

2-  Methyl 

3- Methyl 

4- Methyl 

2.5- Dimethyl 

2.4- Dimethyl 

3.4- Dimethyl 

2.6- Dimethyl 


Table  II.  Germicidal  Action  of  Cresols  and  Xylenols  at  20°  C. 


B.  typhosus 

Phenol 

B.  dysenteriae  ( Flexner ) 
Phenol 

Staph. 

aureus 

Phenol 

Concn.0 

coeff. 

Conen.a 

coeff. 

Concn.0 

coeff. 

1 : 80-90 

1.0 

1:90-100 

1.0 

1:60 

1.0 

1:200 

2.5 

1:250 

2.5 

1:130 

2.2 

1:200 

2.5 

1:200 

2.0 

1:140 

2.3 

1:200 

2.5 

1:200 

2.0 

1:130 

2.2 

1:400 

5.0 

1:500 

5.5 

1:250 

4.2 

1:400 

5.0 

1:500 

5.5 

1:250 

4.2 

1:400 

5.0 

1:500 

5.5 

1:250 

4.2 

1:400 

5.0 

1:500 

5.5 

1 : 250 

4.2 

Streptococcus  ( hemol .) 

Phenol 

M.  tuberculosis 
Phenol 

Trichophyton  rosaceum 
Phenol 

Concn.a 

coeff. 

Concn.a 

coeff. 

Concn.0 

coeff. 

1:60 

1.0 

1:60 

1.0 

1:80 

1.0 

1:150 

2.5 

1:160 

2.7 

1:160 

2.0 

1:140 

2.3 

1:140 

2.3 

1:160 

2.0 

1:140 

2.3 

1:140 

2.3 

1:160 

2.0 

1:250 

4.2 

1:300 

5.0 

1:300 

3.8 

1:300 

5.0 

1:350 

5  0 

1:350 

4.4 

1:250 

4.2 

1:300 

5 . 0 

1:300 

3.8 

1:300 

5.0 

1:300 

5.0 

1:300 

3.8 

°  Minimum  concentrations  effective  in  10  minutes. 


Table  III.  Germicidal  Action  of  Certain  Cresylic  and  Tar-Oil  Disinfectants 


Cresol  compound,  U.  S.  P. 
Cresylic  disinfectant  I 
Cresylic  disinfectant  II 
Tar-oil  disinfectant  I 
Tar-oil  disinfectant  II 
Tar-oil  disinfectant  III 
Tar-oil  disinfectant  IV 
Tar-oil  disinfectant  V 
Tar-oil  disinfectant  VI 
Phenol  (control) 


Temperature  20  °  C. 

M.  tuberculosis  Trichophyton 


B.  typhosus  B. 

PVion  r»1 

dysenteriae  ( Flexner ) 
Phenol 

Streptococcus 

(hemol.) 

Phenol 

Staph,  aureus 
Phenol 

( hom .) 

Phenol 

rosaceum 

Phenol 

Concn.a 

coeff. 

Concn.0 

coeff. 

Concn.0 

coeff. 

Concn.° 

coeff. 

Concn.0 

coeff. 

Concn.a 

coeff. 

1:200 

1 :300 

2.3 

1:200 

2.2 

1:100 

1.4 

1:100 

1.6 

1:140 

2.3 

1:70 

1.0 

3.8 

1:400 

4.4 

1:180 

2.6 

1:120 

2.4 

1:200 

3.3 

1:160 

2.3 

1:500 

5.5 

1:500 

5.5 

1:200 

2.9 

1:180 

3.0 

1:300 

5.0 

1:300 

4.3 

1 :300 

2.8 

1:350 

3.9 

1:50 

0.7 

1:40 

0.7 

1:400 

2.3 

1:35 

0 . 5 

1 : 600 

6.7 

1:600 

6.7 

1:25 

0.4 

1:25 

0.4 

1:160 

2.7 

1:40 

0 . 5 

1:700 

7.8 

1:500 

5.5 

1:25 

0.4 

1:25 

0.4 

1:140 

2.3 

1:40 

0 . 5 

1:700 

8.8 

1:600 

6.7 

1:70 

1.0 

1:40 

0.7 

1:160 

2.7 

1:50 

0.71 

1:800 

8.8 

1:1000 

11.1 

1:120 

1.7 

1:100 

1.7 

1:80 

1.3 

1:100 

1.4 

1 : 1000 

11.1 

1 : 1000 

11.1 

1:120 

1.7 

1:120 

2.0 

1:250 

4.2 

1 : 100 

1.4 

1 : 80-90 

1.0 

1:90-100 

1.0 

1 : 60-70 

1.0 

1:60 

1.0 

1:60 

1.0 

1:80 

1.0 

<*  Minimum  concentrations  effective  in  10  minutes. 


Table  IV.  Germicidal  Action  of  Saponaceous  Mixtures  of  U.  S.  P.  Cresol  and  Neutral  Oil  at  20°  C. 


B.  typhosus 

B.  dysenteriae 

(Flexner)  Streptococc 

us  (hemol.) 

Staph. 

aureus 

M.  tuberculosis 

Trichophyton  rosaceum 

Phenol 

Phenol 

Phenol 

Phenol 

Phenol 

Concn. ° 

Phenol 

Concn. ° 

coeff. 

Concn.° 

coeff. 

Concn.a 

coeff. 

Concn. “ 

coeff. 

Concn. a 

coeff. 

coeff. 

U.  S.  P.  cresol 

50% 

1:160 

2.0 

1:200 

2.0 

1:100 

1.7 

1:90 

1.5 

1:160 

2.7 

1:80 

1.0 

U.  S.  P.  cresol 

40%) 

1:300 

3.8 

1:300 

3.0 

1:100 

1.7 

1:120 

2.0 

1:250 

4.2 

1:100 

1.3 

Neutral  oil 

10%  i 

U.  S.  P.  cresol 

30%) 

1:350 

4.4 

1:300 

3.3 

1:70 

1.2 

1:60 

1.0 

1:200 

3.3 

1:80 

1.0 

Neutral  oil 

20%) 

U.  S.  P.  cresol 

20%) 

1:300  • 

3.8 

1:300 

3.3 

(1:40) 

(0.67) 

1:40 

0.67 

1:120 

2.0 

1:40 

0.5 

Neutral  oil 

30%  f 

U.  S.  P.  cresol 

10%) 

1 : 250 

3.1 

1:200 

2.2 

(1:6) 

(0.1) 

(1:5) 

(0.08) 

1:100 

1.7 

1:8 

1.0 

Neutral  oil 

40%  ) 

Neutral  oil 

50% 

1:160 

2.0 

1:160 

1.6 

1:6 

0.08 

1:5 

0.08 

1:16 

0.27 

1:5 

0.06 

High-boiling  tar  acids  50% 

1 : 1000 

12.5 

1 : 1000 

11.1 

1:350 

5.8 

1:400 

6.7 

1:400 

6.7 

1:300 

3.8 

Phenol  (control) 

1:80-90 

1.0 

1:90-100 

1.0 

1:60 

1.0 

1:60 

1.0 

1:60 

1.0 

1:80 

1.0 

°  Minimum  concentrations  effective  in  10  minutes. 


vestigation  of  this  matter.  Table  IV  lists  the  results  ob¬ 
tained  (at  20°  C.).  It  will  be  noted  that  an  increasing  propor¬ 
tion  of  neutral  oil  at  first  brings  about  an  apparent  increase 
in  the  effect  upon  B.  typhosus,  the  phenol  coefficient  of  the 
disinfectant  mixture  consisting  of  30  per  cent  of  U.  S.  P. 
cresol  and  20  per  cent  of  neutral  oil,  being  more  than  twice 
that  of  the  preparation  containing  50  per  cent  of  U.  S.  P. 
cresol.  The  further  increase  in  the  proportion  of  neutral  oil 
lowers  the  B.  typhosus  phenol  coefficient,  although  this  figure 
never  drops  below  that  of  the  product  with  50  per  cent  of 
U.  S.  P.  cresol.  Indeed,  an  emulsion  corresponding  to  a 
neutral  oil  content  of  50  per  cent  appears  to  produce  the 
same  effect  upon  B.  typhosus  as  a  50  per  cent  cresol  prepara¬ 
tion. 

But  this  effect  upon  B.  typhosus  is  not  descriptive  of 
the  action  upon  other  test  organisms.  B.  dysenteriae, 
which  is  related  to  B.  typhosus,  resembles  the  latter  in  its 
resistance  to  these  mixtures.  However,  the  other  test  or¬ 
ganisms  studied- — viz.,  Streptococcus  hemolyticus,  Mycobacte¬ 
rium  tuberculosis,  and  Trichophyton  rosaceum — do  not  follow 
the  course  of  B.  typhosus;  here  the  gradual  replacement  of 
U.  S.  P.  cresol  by  neutral  oil  causes  a  gradual  decrease  in  the 
germicidal  potency  of  such  mixtures.  Thus,  here  is  another 
significant  instance  of  the  inability  of  the  B.  typhosus  phenol 
coefficient  to  describe  the  general  germicidal  potency  of  a 
disinfectant;  the  discrepancy  between  the  effects  upon  B. 
typhosus  (and  B.  dysenteriae )  on  one  hand,  and  upon 
Streptococcus,  Staphylococcus,  Mycobacterium  tuberculosis,  and 


Trichophyton  rosaceum  on  the  other,  is  strongly  in  evidence, 
as  illustrated,  for  instance,  by  a  comparison  of  the  effects  of 
the  50  per  cent  cresol  preparation  with  one  containing  10 
per  cent  of  cresol  and  40  per  cent  of  neutral  oil.  In  the  case 
of  the  mixture  containing  neutral  oil  only,  a  consideration 
of  the  B.  typhosus  phenol  coefficient  alone  might  lead  one  to 
assume  that  this  mixture  has  the  same  germicidal  potency 
as  that  containing  cresol  only.  Yet  the  results  obtained 
with  the  other  test  organisms  disclose  the  vast  germicidal 
superiority  of  the  cresol  mixture. 

In  order  to  prove  that  no  other  constituents  of  neutral  oil 
except  a-  and  /3-methylnaphthalene  play  any  significant  role 
in  producing  this  phenomenon,  several  experiments  were  run 
in  which  these  naphthalene  derivatives  were  mixed  with  U.  S. 
P.  cresol,  and  emulsified  in  the  same  manner  as  the  mixtures 
of  cresol  and  neutral  oil.  Table  V  states  the  experimental 
results  in  detail ;  they  appear  to  agree  entirely  with  those  ob¬ 
tained  in  the  case  of  the  cresol-Y-neutral  oil  mixtures  dealt  with 
in  Table  IV,  thus  showing  conclusively  that  the  methyl- 
naphthalenes,  which  constitute  the  bulk  of  neutral  oil,  are 
responsible  for  the  apparent  quasi-specific  enhancement  of  the 
germicidal  potency  of  tar-oil  disinfectants  with  respect  to 
B.  typhosus. 

By  way  of  interest,  Table  V  gives  also  the  results  obtained 
with  a  disinfectant  containing  50  per  cent  of  high-boiling 
tar  acids  derived  from  a  foreign  blast-furnace  tar.  This 
disinfectant  shows  a  very  favorable  germicidal  potency  with 
respect  to  all  test  organisms  used. 
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Conclusion 

Although  the  B.  typhosus 
phenol  coefficient  is  used  exten¬ 
sively  as  an  index  of  the  germi¬ 
cidal  potency  of  coal-tar  dis¬ 
infectants,  it  is  deemed  desir¬ 
able  at  this  time  to  restate  its 
limitations  in  the  light  of 
some  newer  experimental  data. 
In  the  case  of  the  pure  alkyl- 
phenol  derivatives,  the  germi¬ 
cidal  effect  upon  B.  typhosus  of 
the  lower  homologs  parallels 
that  upon  other  vegetative 
pathogenic  microorganisms  to 
such  an  extent  that  the  B. 
typhosus  phenol  coefficient 
might  be  regarded  as  a  relative 
measure  of  the  germicidal 
potency  of  these  compounds. 
Since  cresylic  disinfectants 
contain  some  lower  phenol 
homologs  as  the  active  prin¬ 
ciple,  the  same  consideration 
would  apply  in  their  case. 

In  the  case  of  the  emulsi- 
fiable  or  tar-oil  disinfectants, 
however,  there  exists  no  quanti¬ 
tative  relationship  between  the 
effect  upon  B.  typhosus  and 
that  upon  other  microor¬ 
ganisms;  thus,  some  disinfect¬ 
ants  of  this  type,  with  high 
B.  typhosus  phenol  coefficients, 
may  be  less  effective  against 
other  pathogenic  microor¬ 
ganisms  than  those  with  lower 
B.  typhosus  coefficients;  or  of 
two  products  with  the  same 
phenol  coefficient,  one  may  be 
a  better  general  germicide  than 
the  other.  This  condition 
arises  mainly  from  the  indefi¬ 
niteness  of  the  composition  of 
the  tar-oil  disinfectants,  and 
more  particularly  from  the 
variations  in  the  ratio  of  phe¬ 
nolic  to  nonphenolic  constitu¬ 
ents.  The  latter,  consisting 
mostly  of  naphthalene  hydro- 
carbons,  appear  to  have  a 
specific  effect  upon  B.  typhosus 
and  certain  related  bacteria, 
such  as  B.  dysenteriae,  but  are 
much  less  effective,  or  practi¬ 
cally  ineffective,  against  other 
pathogenic  microorganisms. 

So-Called  5  Per  Cent 
Safety  Factor 

It  has  been  customary  to  re¬ 
quire  that  the  concentration  of 
a  given  preparation  to  be  ap¬ 
plied  in  disinfection  corre¬ 
spond  in  its  effect  upon  B. 
typhosus  to  a  5  per  cent  phenol 
solution.  (Such  a  concentra¬ 
tion  is  calculated  simply  by 


multiplying  the  B.  typhosus  phenol  coefficient  by  20.)  While 
there  is  hardly  any  question  as  to  the  arbitrary  character  of  this 
requirement,  it  may  be  assumed  that  its  author  made  it  in  the 
belief  that  a  solution  of  this  strength  would  be  germicidal  to 
other  pathogenic  microorganisms  of  epidemiologic  significance. 
The  results  of  Tables  III  and  IV  indicate,  however,  that  such 
a  solution  will  not  always  be  germicidal — e.  g.,  to  a  resistant 
streptococcus  culture  when  tested  by  a  laboratory  method — 
even  though  it  is  possible  that  under  certain  conditions,  such 
as  in  the  disinfection  of  walls,  floors,  etc.,  a  dilution  arrived  at 
in  this  fashion  may  be  sufficient  for  the  purpose  in  question. 

A  consideration  of  this  5  per  cent  phenol  safety  factor, 
however,  bears  no  relation  whatever  to  the  problem  of  a 
bacteriological  evaluation  of  germicides.  This  is  emphasized 
particularly  because  of  the  insistence  of  some  authors  upon 
the  relevance  of  this  arbitrary  figure  in  the  bacteriological 
evaluation  of  germicides,  although  the  issue  is  primarily  one  of 
specificity  (or  quasi-specificity)  versus  nonspecificity. 

Recommendation 

Since,  therefore,  a  delineation  of  the  bactericidal  value  of 
every  coal-tar  disinfectant  cannot  be  achieved  on  the  basis  of 
its  B.  typhosus  phenol  coefficient  alone,  the  regulatory  require¬ 
ment  of  some  additional  statement  as  to  the  germicidal  potency 
with  respect  to  a  representative  microorganism,  other  than 
B.  typhosus,  appears  to  be  desirable.  The  hemolytic  strepto¬ 
coccus  is  an  infectious  microorganism,  and  some  strains  ap¬ 
pear  to  lend  themselves  for  cultivation  in  the  laboratory  so  as 
to  show  under  standard  testing  conditions  a  standard  resist¬ 
ance  to  phenol.  Moreover,  since  the  susceptibility  to  the 
action  of  coal-tar  disinfectants  of  a  resistant  hemolytic  strep¬ 
tococcus  strain  bears  a  quantitative  resemblance  to  that  of 
other  microorganisms,  whose  destruction  should  be  aimed  at  in 
the  practice  of  disinfection,  the  adoption  of  a  supplementary 
Streptococcus  hemolyticus  phenol  coefficient  is  recommended. 
The  consideration  of  both  the  B.  typhosus  and  the  Streptococus 
hemolyticus  phenol  coefficients  would  supply  a  much  more 
accurate  and  complete  picture  of  the  germicidal  potency  than 
that  of  the  B.  typhosus  phenol  coefficient  alone.  It  would  aid 
also  in  preventing  misconceptions  as  to  the  germicidal  po¬ 
tency  of  those  products  whose  high  B.  typhosus  phenol  co¬ 
efficients  are  not  descriptive  of  their  germicidal  potency 
with  regard  to  other  microorganisms. 

Experimental  Notes 

All  tests  involving  the  use  of  B.  typhosus  and  Staphylococcus 
aureus  were  carried  out  according  to  the  F.  D.  A.  technic  (5). 
As  to  the  details  of  technic  used  in  tests  with  the  other  micro¬ 
organisms,  the  paper  by  Klarmann,  Shternov,  and  Gates  ( 3 ) 
should  be  consulted. 
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The  Application  of  Statistics  to  Quantitative 

Analysis 

A.  A.  BENEDETTI-PICHLER,  Washington  Square  College,  New  York  University,  New  York,  N.  Y. 


IT  IS  GENERALLY  recognized  that  the  results  of  any  scien¬ 
tific  investigation  must  prove  reproducible.  Likewise  the 
value  of  an  analytical  procedure  is  based  on  the  expectation 
that  it  may  be  used  at  any  future  time  with  the  success  claimed 
by  its  author.  Therefore,  it  is  only  proper  to  measure  the 
merit  of  an  analytical  method  in  terms  of  the  certainty,  or 
probability,  with  which  its  successful  reproduction  can  be 
predicted  (11).  The  data  required  for  such  a  prediction  are 
obtained  by  the  use  of  the  methods  of  statistics  that  are 
customary  in  the  evaluation  of  physical  measurements  and 
in  the  discussion  of  determinations  of  atomic  weight.  A  simple 
outline  is  here  presented  for  the  organization  of  analytical 
research  and  the  presentation  of  its  results,  which  will  be 
helpful  in  the  establishment  of  the  precision  and  accuracy  of 
proposed  methods. 


lishes  not  only  the  accuracy  related  to  the  constant  error, 
but  also  the  precision  determined  by  the  accidental  errors  of 
the  method.  The  results  of  such  a  set  of  determinations  will 
never  check  exactly,  if  the  determinations  are  carried  out  to 
the  full  delicacy  of  which  the  procedure  is  capable.  The 
best  representative  value  of  the  discordant  set  of  figures  is 
its  arithmetical  mean,  provided  that  the  results  have  been 
obtained  under  the  same  conditions  and  are  equally  trust¬ 
worthy  (12).  The  proof  rests  upon  the  fact  that  the  positive 
and  negative  deviations,  being  equally  probable,  will  ulti¬ 
mately  balance  each  other  (13),  thus  clearing  the  arithmetical 
mean  more  or  less  from  the  influence  of  the  accidental  errors. 
Accordingly,  the  discussion  of  the  result  of  a  series  of  de¬ 
terminations  should  be  based  on  the  arithmetical  mean  and 
its  precision. 


Precision  and  Accuracy 

Only  numbers  derived  from  definitions  are  exactly  known 
and  can  be  given  with  as  many  significant  figures  as  desired ; 
measured  quantities  are  known  only  within  the  limits  of  the 
methods  used  for  their  determination. 

The  effect  of  accidental  and  of  constant  errors  is  demonstrated 
in  Figure  1,  which  shows  the  results  of  four  series  of  determina¬ 
tions  plotted  as  abscissas;  the  arithmetical  mean  of  each  series 
is  indicated  by  a  vertical  line.  It  is  assumed  that  four  different 
methods  have  been  used  for  the  determinations  of  the  quantity. 
In  series  I  and  II  the  accidental  errors  are  small  and  the  results 
in  either  series  agree  closely  among  themselves;  methods  I  and 
II  show  a  high  degree  of  precision.  With  methods  III  and  IV 
the  accidental  errors  are  large  and  the  results  in  either  series  do 
not  show  satisfactory  agreement;  methods  III  and  IV  have  a 
low  degree  of  precision.  It  is  obvious  that  such  methods  of  low 
;  precision  are  highly  impractical,  since  only  the  mean  of  a  large 
number  of  determinations  could  be  of  any  use.  On  the  other 
hand  methods  I  and  II  will  give  satisfactory  results  in  practical 
application,  though  with  method  II  allowance  has  to  be  made  for 
the  constant  error  which  appears  as  the  difference,  “truth” 
minus  arithmetical  mean. 
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Accidental  and  Constant  Errors 

The  purpose  of  the  calibration  of  a  method  is  the  determina¬ 
tion  of  its  constant  error.  The  precision  of  the  constant  error 
depends  upon  the  precision  with  which  the  arithmetical  mean 
and  the  expected  result  (truth)  are  known  (Table  IV). 

The  calibration  of  a  method  is  carried  out  by  its  repeated 
application  to  the  determination  of  quantities  known  by  the 
!  use  of  other  reliable  methods.  Thus  the  calibration  estab¬ 


Table  I.  Ash  Determinations  on  Potassium  Sulfate  and 

Azobenzene 


No. 

Ash 

Arithmetical 

Mean 

dm 

% 

% 

% 

1 

53.4 

2 

53.1 

53.25 

0.10 

3 

52.7 

53.07 

0.14 

4 

52.8 

53.00 

0.13 

5 

52.7 

52.94 

0.11 

6 

52.5 

52.87 

0.11 

7 

53 . 5 

52.96 

0.12 

8 

52.8 

52 . 95 

0.11 

9 

53.0 

52.94 

0.10 

One  should  not  rely  on  the  mean  of  a  small  number  of 
observations  which,  by  accident,  may  agree  closely  and  fur¬ 
nish  an  arithmetical  mean  of  apparently  high  precision. 
The  author  met  with  an  interesting  example  of  the  malice 
of  chance  in  a  study  on  the  precision  of  sampling,  in  which 
ash  determinations  were  carried  out  on  1-  to  3-mg.  samples 
of  a  solid  mixture  of  potassium  sulfate  and  azobenzene.  In 
Table  I  the  results  are  fisted  in  the  exact  order  in  which  they 
were  obtained.  The  first  six  determinations  seemed  to 
indicate  the  presence  of  a  time  factor,  as  the  ash  content  of 
the  mixture  appeared  to  decrease  continuously.  Absorption 
of  moisture  by  the  mixture  offered  a  possible  explanation. 
Finally  the  seventh  determination  proved  the  accidental 
nature  of  this  remarkable  series  of  results. 

A  survey  of  Table  I  shows  that  the  arithmetical  mean  does 
not  become  sufficiently  constant  within  the  first  six  deter¬ 
minations  to  be  trustworthy.  Also  the  precision  of  the  mean, 
am,  is  unreliable  when  the  mean  is  derived  from  too  small  a 
number  of  observations;  in  Table  I  the  mean  of  the  first  two 
determinations  seems  to  possess  the  same  precision  as  the 
mean  of  the  whole  series.  Considering  everything,  it  appears 
proper  to  require  at  least  four  to  ten  determinations  in  every 
set  of  analyses  carried  out  for  the  calibration  of  a  method  (8, 
13);  the  number  of  determinations  in  a  series  may  be  de¬ 
creased  according  to  the  amount  of  available  preliminary 
information  on  the  precision  of  the  method. 

As  a  measure  of  precision,  the  average  deviation  is  suggested 
(8),  since  it  is  an  appropriate  standard  of  comparison  when 
attention  is  directed  to  the  relative  precision  in  different 
series  of  observations.  Furthermore,  the  average  deviation 
furnishes  useful  information  even  when  the  presence  of 
(unknown)  constant  errors  renders  a  further  application  of 
the  theory  of  errors  of  questionable  utility,  because  it  will 
allow  us  to  compare  the  magnitude  of  the  constant  errors 
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affecting  different  series  of  observations,  and  so  lead  to  their 
discovery  and  elimination  (IS). 

If  n  is  the  number  of  determinations  and  di,  d2,  dn  represent 
the  absolute  deviations  of  the  individual  results  from  the 
arithmetical  mean,  Q,  the  average  deviations  are  calculated  as 
follows : 


Absolute  average  deviation  of 
a  single  determination, 


_  _  _  (di)  +  ((h)  +..(dn) 

Cla  —  =*= 


Relative  average  deviation  of 
a  single  determination, 


1000  aa  . 

Q  /o° 


Absolute  average  deviation  of 
the  arithmetical  mean, 


Relative  average  deviation  of 
the  arithmetical  mean, 


, _ 1000  am  „ , 

’  =  *  —Q—  /o' 


The  absolute  precisions  have  the  same  dimension  as  the 
determined  quantity,  Q;  the  relative  precisions  are  expressed 
in  parts  per  thousand  to  avoid  confusion  with  the  results  of 
quantitative  analyses  which  are  usually  reported  in  parts 
per  cent  (8). 

Reports  on  sets  of  determinations  for  the  calibration  of  a 
method  may  be  reduced  to  listing  the  number  of  determina¬ 
tions,  the  arithmetical  mean  of  the  results,  the  absolute 
average  deviation  of  the  mean,  and  finally  the  relative  average 
deviation  of  the  mean.  Thus  the  table  in  the  report  on  the 
calibration  of  the  microdetermination  of  aluminum  by  weigh¬ 
ing  the  hydroxyquinolate  (3)  could  have  been  reduced  to  the 
statement:  The  calibration  was  carried  out  with  samples  of 
1.7  to  6.5  mg.  of  pure  KA1(S04)2-12H20.  The  arithmetical 
mean  of  nine  determinations  gave  10.79  ±  0.011  per  cent 
AI2O3  (±1  %o);  10.77  per  cent  expected. 

This  statement  not  only  has  the  advantage  of  brevity, 
but  conveys  information  which  cannot  be  obtained  from  the 
tabulation  of  the  results  without  calculation.  The  original 
figures  are  not  made  available,  but  the  customary  presenta¬ 
tion  in  table  form  does  not  fist  the  figures  of  the  original 
weighings  and  buret  readings.  Furthermore,  in  presentation 
in  table  form  one  will  often  be  forced  to  list  only  part  of  the 
results  obtained,  which  leads  to  a  very  undesirable  selection 
of  the  material  which  in  itself  constitutes  a  misrepresentation 
of  facts.  On  the  other  hand,  the  arithmetical  mean  must 
include  all  the  results  of  the  series.  Inconsistent  results  can 
be  excluded  only  if  it  is  definitely  proved  that  the  discrepancy 
is  due  to  a  digression  (mistake,  accident)  from  the  standard 
procedure  used  in  the  calibration.  Otherwise  such  results, 
if  not  included  in  the  calculation  of  the  mean,  must  be  sepa¬ 
rately  reported. 

As  to  the  immediate  information  obtainable  from  the  mean 
and  its  precision,  the  probability  that  in  the  future  an  error 
will  occur,  which  is  larger  than  four  times  the  average  de¬ 
viation,  is  approximately  one  in  a  thousand.  This  means  that 
a  repetition  of  the  calibration  of  the  microdetermination  of 
aluminum  will  probably  give  a  result  between  10.83  and  10.75 
per  cent  of  alumina.  As  the  expected  result,  10.77  per  cent, 
lies  within  this  range,  the  presence  of  a  constant  error  cannot 
be  justly  assumed.  The  calibration  was  actually  repeated  in 
a  different  location,  with  different  apparatus  and  reagents 
by  another  worker  (5),  and  the  arithmetical  mean  of  a  series 
of  fourteen  determinations  was  10.78  ±  0.006  per  cent  A1203 
(±0.6  %o). 

In  this  second  series  the  aluminum  determinations  were 
carried  out  from  solutions  containing  various  concentrations 
of  beryllium.  The  close  agreement  of  the  means  proves  that 
the  presence  of  beryllium  has  no  disturbing  influence  on  the 
determination  of  the  aluminum.  The  slightly  better  precision 
of  the  second  series  may  be  due  to  the  fact  that  the  first 
series  was  carried  out  by  seven  different  experimenters  (thus 


including  the  variation  of  the  personal  errors),  whereas  the 
second  series  was  performed  by  one  person. 

The  average  deviations  of  a  single  determination  are  ob¬ 
tained  from  the  abbreviated  report  by  multiplying  the  average 
deviations  of  the  mean  by  \/ n: 

a„  =  ±0.033  %  AI2O3  (a/  =  ±3  °/oo) 

The  a/  indicates  that  in  future  application  of  the  method 
an  individual  determination  will  give  on  an  average  a  devia¬ 
tion  of  ±3  °/oo  from  the  expected  value,  and  will  hardly 
ever  show  a  deviation  of  more  than  ±  12  %o  from  the  truth. 
When  predicting  the  precision  of  the  arithmetical  mean  of  m 
future  determinations,  the  above  precisions  for  the  individual 
determination  are  to  be  divided  by  y/ m- 

However,  all  these  predictions  hold  only  if  future  deter¬ 
minations  are  carried  out  under  conditions  identical  with 
those  under  which  the  calibration  was  performed.  Such  an 
exact  duplication  of  the  experiment  by  another  person  is 
possible  only  if  the  procedure  of  the  calibration  is  carefully 
and  completely  reported.  In  general  the  description  should 
include  the  technic,  the  material,  form,  and  dimensions  of 
apparatus,  and  the  purity  specifications,  concentrations,  and 
volumes  of  the  reagents.  Usually  the  description  must  be 
the  more  elaborate,  the  greater  the  precision  and  accuracy 
of  the  method.  Of  course,  the  development  of  the  proposed 
method  should  be  sufficiently  complete  to  exclude  unnecessary 
restrictions  and  precautions.  Just  as  a  maze  of  directions 
indicates  insufficient  knowledge  of  the  processes  involved, 
a  general  disregard  of  cookbook  procedures  indicates  a  woeful 
misconception  of  the  fundamental  principles  of  experimental 
work.  The  degree  by  which  the  standardization  of  a  proce¬ 
dure  must  sometimes  be  extended  to  meet  the  requirements 
of  an  increased  sensitivity  can  be  demonstrated  in  the  de¬ 
termination  of  the  precision  of  balances. 

The  precision  of  an  analytical  balance  is  determined  by  re¬ 
peating  a  weighing  six  to  ten  times  in  a  series  and  by  calculating 
the  average  deviation  of  a  single  weighing,  as,  from  the  set  of 
results.  If  the  balance  is  only  arrested  and  released  between 
consecutive  weighings,  nothing  but  the  soundness  of  the  balance 
construction  is  tested.  In  order  to  obtain  the  conditions  of  an 
actual  weighing,  it  is  necessary  to  lift  off  the  rider  after  arresting 
the  balance,  to  move  the  rider  carrier  sideways,  and  then  to  re¬ 
place  the  rider  as  exactly  as  possible  in  the  original  position  be¬ 
fore  proceeding  to  the  next  weighing.  The  determination  of  the 
precision  should  be  carried  out  with  various  loads  on  the  pans, 
and  the  precaution  may  be  taken  to  shift  slightly  the  positions 
of  the  weights  on  the  pans  between  the  weighings.  Further 
specifications  appear  superfluous  when  considering  the  pre¬ 
cision  of  balances  for  analytical  routine  work  which  requires 
weighings  to  0.1  mg. 

The  precision  of  inexpensive  analytical  balances,  used  by  stu¬ 
dents  for  3  to  4  years,  has  been  determined  in  this  way  (Table  II). 
A  5-mg.  rider  is  used  with  these  balances.  The  precision  ±0.16 
mg.  was  observed  under  extreme  conditions  which  should  be 
avoided  in  actual  weighing;  the  100-gram  weights  were  placed 
in  different  positions  so  near  the  edges  of  the  pans  that  the  pan 
arrests  made  contact  on  the  opposite  side  of  the  circumference 
of  the  pans.  One  hundred  grams  is  the  maximum  permissible 
load  for  these  balances. 

Table  II.  Precision  of  Balances 

- - - - Precision,  =±=o« - - 


No.  4764  No.  4751  No.  2288 

Mg.  Mg.  Mg. 

Zero  load,  rider  not  touched  0.005  0.007  0.031 

Zero  load,  rider  operated  0.005  0.008  0.023 

100-gram  load,  rider  operated  ...  ...  0.076 

100-gram  weights  near  edge  of 

pans  ...  •••  0.16 


In  microchemical  work  the  attempt  is  made  to  reproduce 
weighings  with  a  precision  of  a  few  thousandths  of  a  milligram. 
No  matter  whether  a  precision  (analytical)  balance,  an  assay 
balance,  or  a  microchemical  balance  of  the  Kuhlmann  type  is 
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used  for  this  work,  the  following  additional  factors  must  be 
carefully  considered  in  the  development  of  a  standard  pro¬ 
cedure  of  weighing  (16): 

1.  Special  attention  must  be  paid  to  the  position  of  the  rider 
and  to  imperfections  of  the  rider  scale. 

2.  Special  care  must  be  taken  to  prevent  setting  up  a  tem¬ 
perature  gradient  in  the  balance.  A  variation  of  the  arm  lengths 
of  the  beam,  as  well  as  the  formation  of  convection  currents  in 
the  case,  is  to  be  avoided. 

3.  The  temperature  coefficient  of  balances  becomes  notice¬ 
able  in  weighings  of  high  precision.  A  variation  of  the  tem¬ 
perature  affects  not  only  the  zero  reading  but  also  the  weighings 
to  an  amount  which  varies  with  the  load  and  cannot  be  exactly 
calculated.  In  addition  the  effects  of  temperature  changes  show 
a  marked  time  lag.  To  avoid  these  difficulties,  the  balance  room 
must  be  kept  at  constant  temperature,  and  the  experimenter 
must  reduce  the  duration  of  his  stays  in  front  of  the  balance  to 
a  minimum. 

4.  If  changes  of  barometric  pressure  are  likely  to  occur 
j  between  consecutive  weighings,  the  variations  of  the  buoyant 

effect  must  be  considered. 

5.  Special  care  must  be  devoted  to  the  perfect  functioning  of 
the  arresting  mechanism  and  to  its  proper  use.  Electrostatic 
charges  not  only  occur  on  the  objects  weighed,  but  also  may 
happen  on  the  agate  surfaces  of  the  balance  construction  and 
cause  a  phenomenon  similar  to  the  sticking  of  the  arresting 
contacts. 

6.  Displacements  of  the  zero  reading  may  be  caused  by 
deposition  of  dust  on  the  various  parts  of  the  balance  construction. 

The  history  of  the  use  of  the  microchemical  balance  (the 
term  “microchemical  balance”  was  originated  by  Pregl 
and  refers  only  to  balances  of  the  Kuhlmann  type)  is 
proof  not  only  of  the  difficulties  encountered  in  the  attempt 
to  increase  the  sensitivity  of  the  analytical  balance,  but  also 
of  the  disregard  of  the  principles  of  physical  measurements. 
A  state  of  confusion  was  brought  about  by  incompletely,  or 
not  at  all,  reporting  the  conditions  under  which  the  various 
accuracies  had  been  observed.  Thus  Pregl’s  original  claim 
(15)  of  a  precision  of  ±0.001  mg.  refers  to  the  mean  of  a 
■  series  of  weighings,  carried  out  in  rapid  succession  with  a 
load  of  a  fraction  of  a  gram,  and  possibly  without  touching 
the  rider  between  the  weighings.  Even  under  these  conditions 
the  quoted  precision  can  be  attained  only  in  the  absence  of  a 
disturbance  of  the  equilibrium  of  the  balance  by  the  body 
temperature  of  the  observer.  With  greater  load  the  precision 
of  the  microchemical  balance  shows  a  noticeable  decrease. 
If  the  weighings  are  taken  at  greater  time  intervals,  changes 
of  room  temperature  and  of  barometric  pressure  may  cause 
variations  up  to  0.1  mg.  As  a  matter  of  fact,  whereas  the 
precision  of  an  analytical  balance  can  be  established  within 
one  hour,  the  investigation  of  Schwarz-Bergkampf  (16)  had 
to  be  extended  over  more  than  half  a  year  in  order  to  give 
sufficient  information  on  the  efficiency  of  the  microchemical 
balance. 

Calibration  of  Chemical  Procedures 

The  calibration  of  chemical  procedures  for  the  determina¬ 
tion  of  constant  errors  is  carried  out  by  the  performance  of 
control  analyses  with  known  quantities  of  the  constituent  to 
be  determined  or  detected ;  controls,  run  with  zero  quantities 
of  this  constituent,  are  called  blanks,  and  in  general  will  give 
information  about  interfering  matter  introduced  by  the 
reagents  and  apparatus.  The  results  of  blanks  may  contradict 
those  of  controls.  Since  controls  are  carried  out  under  con¬ 
ditions  more  similar  to  those  of  actual  analyses,  they  are 
better  suited  for  the  determination  of  constant  errors  (14). 
Under  all  conditions,  the  calibration  should  be  carried  out  in 
such  a  way  as  to  permit  establishment  of  the  precision  as 
well  as  the  determination  of  constant  errors. 

The  different  effects  of  additive  and  proportional  constant 
errors  can  be  seen  from  Table  III,  which  summarizes  the 
•  results  of  calibrations  carried  out  in  connection  with  an  at¬ 


tempt  to  develop  a  micromethod  for  the  determination  of 
aluminum  with  the  use  of  alumina  as  weighing  form  (4). 
Pure  A1K(S0.|)2T2H20  was  used  in  the  controls.  The 
solutions  of  alum  were  first  treated  with  a  constant  volume 
of  hydrochloric  acid  to  obtain  a  standard  concentration  of 
ammonium  salt.  Following  this,  the  solutions  were  made 
slightly  alkaline  with  ammonia  for  the  precipitation  of  the 
aluminum  hydroxide. 

A  blank  indicated  purity  of  the  reagents,  since  the  negli¬ 
gible  increase  of  the  weight  of  the  crucible  was  accounted  for 
by  the  weight  of  the  ash  of  the  filter  paper.  The  results  of 
controls  with  increasing  quantities  of  alum  are  listed  in  the 
second  column  of  Table  III.  The  fact  that  determinations 
on  small  quantities  of  alum  showed  a  greater  deviation  from 
the  truth  than  those  on  large  quantities  indicated  the  presence 
of  an  additive  constant  error,  which  was  caused  by  co-precipi- 
tation  of  the  silicic  acid  introduced  with  the  ammonia.  The 
constancy  of  the  amount  of  silicic  acid  was  explained  by  the 
fact  that  the  major  part  of  the  ammonia  was  required  for  the 
neutralization  of  the  constant  amount  of  hydrochloric  acid 
added  in  all  determinations.  The  silica  content  of  the  pre¬ 
cipitates  was  determined  by  treating  the  precipitates  with 
hydrofluoric  acid.  The  corrected  results  in  the  third  column 
of  Table  III  agree  rather  well  with  the  expected  results.  The 
ability  of  aluminum  hydroxide  to  carry  down  silicic  acid  is 
well  known.  Of  course,  with  blanks  the  silicic  acid  remains  in 
solution,  because  of  the  absence  of  a  solid  phase  able  to  co¬ 
precipitate  the  silica. 


Table  III.  Determination  of  Aluminum  as  AL.O3 


KA1(S04)212H20 

With  Use  of  NHj  from  Stock  Bottle 
Corrected  for 

NHa  Freshly 
Distilled, 

Taken 

AI2O3  found 

-0.021  g.  SiOs 

AI2O3  Found 

Grams 

Gram 

Gram 

Gram 

1 . 0000 

1  X  0.1288 

1  X  0.1078 

1X0. 1087 

2 . 0000 

2  X  0.1192 

2  X  0.1087 

2X0. 1089 

3 . 0000 

3  X  0.1163 

3  X  0.1093 

3  X  0.1086 

4 . 0000 

4  X  0.1147 

4  X  0.1094 

4  X  0.1088 

Expected: 

n  X  0.1077 

Arithmetical  mean 

=  10.875  ± 
0.005%  AI2O3 

The  results  obtained  with  the  use  of  freshly  distilled  am¬ 
monia  (fourth  column  Table  III)  are  not  in  very  good  agree¬ 
ment  with  the  theoretical  A1203  content  of  alum ;  on  the  average 
they  are  10  °/oo  too  high.  The  presence  of  a  constant  error  is 
indicated  by  the  fact  that  the  arithmetical  mean  of  a  new 
series  of  determinations  is  expected  to  fall  in  the  range  of 
10.85  to  10.90  per  cent  of  A1203,  which  does  not  include  the 
expected  value  10.77  per  cent.  The  good  agreement  of  the 
results  of  analyses  with  varying  quantities  of  sample  indicates 
the  presence  of  a  proportional  constant  error.  The  same  error 
was  discovered  by  Hahn  (10)  when  he  tried  to  check  the 
weights  of  aluminum  hydroxyquinolate  precipitates  against 
the  weights  of  alumina  obtained  from  identical  samples  of 
pure  aluminum  metal.  Also  Fresenius  (9)  must  have  ob¬ 
served  the  high  results  obtained  with  the  use  of  alumina  as 
weighing  form.  The  alumina  is  extremely  hygroscopic  (6); 
even  when  it  has  been  ignited  in  a  platinum  crucible  over  a 
blast  lamp,  it  will  have  absorbed  from  1  to  2  per  cent  of  water 
when  it  is  ready  for  weighing.  The  water  content  of  the 
weighed  oxide  was  directly  determined  (4)  by  ignition  in  a 
sealed  tube,  centrifuging  the  condensate  into  a  fine  capillary, 
and  measuring  the  volume  of  the  liquid. 

In  additional  experiments  it  was  found  that  with  pure 
A1203,  ignition  over  the  blast  lamp  is  indispensable  for  the 
reduction  of  the  degree  of  hygroscopicity  to  the  above- 
mentioned  amount,  while  with  mixtures  of  aluminum  and 
ferric  oxides  the  use  of  somewhat  lower  temperatures  would 
be  permissible.  The  idea  of  using  alumina  as  a  weighing 
form  in  microanalysis  was  finally  abandoned,  since  no  crucible 
material  is  available  which  shows  a  sufficient  constancy  of 
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weight  when  heated  above  900°  C.  The  aluminum  hydroxy- 
quinolate  is  by  far  a  superior  weighing  form,  as  it  has  all  of 
the  properties  which  seem  especially  desirable  in  micro¬ 
analysis  :  The  precipitate  consists  of  relatively  large  crystals 
which  are  easy  to  filter  and  to  wash ;  treatment  previous  to 
weighing  does  not  require  temperatures  above  800°  C. 
(drying  at  140°  C.  suffices);  and  the  weighing  form  has  a 
large  molecular  weight. 

The  above  example  illustrates  the  different  effects  of 
additive  and  proportional  constant  errors.  In  the  case  of  the 
former,  the  absolute  error  (+0.021  gram  of  Si02)  and,  with 
the  latter,  the  relative  error  (+10  °/oo  of  water)  are  constant. 
Additive  errors  are  usually  caused  by  impurities  of  reagents 
added  in  constant  quantities,  by  the  solubility  of  the  pre¬ 
cipitate  in  a  constant  volume  of  solution,  by  the  excess 
reagent  required  to  produce  the  indicator  change,  or  by  the 
losses  or  gains  determined  by  the  constant  surface  area  of 
apparatus.  Proportional  errors  may  be  due  to  basing  the 
calculation  on  a  wrongly  assumed  composition  of  the  weigh¬ 
ing  form,  to  incomplete  reactions,  or  to  faulty  calibration  of 
measuring  apparatus  (weights,  balance,  burets,  pipets, 
volumetric  flasks) .  Additive  errors  may  become  proportional 
errors,  or  vice  versa,  depending  on  the  procedure  adopted  in 
a  series  of  experiments.  Likewise  the  terms  “constant”  and 
“accidental”  cannot  be  assigned  without  reference  to  special 
conditions.  The  deviations  introduced  by  the  impurities 
of  a  reagent  appear  as  accidental  if  the  reagent  is  used  in 
varying  quantities,  whereas  the  use  of  a  definite  amount  of 
reagent  will  produce  a  constant  error.  When  a  series  of 
analyses  has  been  carried  out  by  one  person,  the  personal 
factor  must  be  regarded  as  a  constant  error  and  will  result  in 
a  definite  deviation  from  the  truth.  If  the  analyses  of  a 
series  are  carried  out  by  a  number  of  people,  the  personal 
errors  become  accidental  in  nature;  they  will  affect  the  pre¬ 
cision  of  the  arithmetical  mean,  but  will  not  cause  a  definite 
digression  from  its  expected  value. 

In  conclusion,  progressing  standardization  will  tend  to 
convert  accidental  errors  into  constant  errors,  thus  increasing 
the  precision.  Calibration  allows  the  correction  of  the  results 
of  precise  determinations  for  constant  errors  and  thus  im¬ 
proves  the  accuracy. 

Propagation  of  Errors 

The  final  result  of  a  quantitative  analysis  is  usually  derived 
from  the  combination  of  several  measurements.  For  the 
calculation  the  following  general  formula  can  be  used,  in  which 
the  result,  R,  appears  as  a  function  of  the  measured  quantity, 
M,  the  chemical  factor,  /,  the  amount  of  sample,  S,  and  the 
capacities,  CV,  C2,  C3,  of  the  volumetric  flasks  and  ci,  c2,  c3  of 
the  pipets  used  in  taking  aliquot  parts : 

=  (1) 

AJ  C1C2C3 

Depending  on  whether  fM  and  S  are  both  expressed  in 
weight  or  volume,  the  result,  R,  is  obtained  in  per  cent  by 
weight  or  by  volume;  if  fM  is  expressed  in  grams  and  S  has 
been  measured  in  milliliters,  the  result  is  in  grams  per  100  ml. 
The  meanings  of  /  and  M  are  interpreted  according  to  the 
method  in  use.  In  gravimetric  analysis,  M  is  the  weight  of 
the  “weighing  form”  and  /  is  the  fraction  of  the  equivalent 
weight  of  the  reported  substance  over  the  equivalent  weight 
of  the  weighed  substance.  In  volumetric  analysis,  M  is 
the  volume  of  standard  solution,  and  /  is  the  product  of  the 
normality  of  the  standard  solution  times  the  milligram  equiva¬ 
lent  weight  (in  grams)  of  the  reported  substance  (if  M  is 
measured  in  milliliters).  For  C  and  c,  the  calibrated  capaci¬ 
ties  of  the  volumetric  apparatus  should  be  substituted; 
if  the  aliquot  part  is  weighed  instead  of  measured  (7),  the 
ratio  of  the  weights  is  used. 


The  transmission  of  the  errors  of  the  quantities  /,  M,  S,  C, 
and  c  into  the  final  result  may  be  easily  calculated  with  the 
use  of  the  equations  given  in  Table  IV.  p,  a,  (3,  and  7  repre¬ 
sent  the  absolute  errors,  and  p',  a',  /S',  and  7'  the  relative 
errors  of  the  quantities  R,  A,  B,  and  C.  The  constant  errors 
possess  a  definite  sign,  and  therefore  when  substituting,  their 
sign  must  be  considered. 

Table  IV.  Propagation  of  Errors 

' - - - R  Calculated  as: - - 

Sum  or  difference,  Product  or  quotients, 

R  =  A  +  B  —  C  p  _  AB 

C 

Constant  errors  p  =  a  +  B  —  7  (2 )  p'  =  a’  +  &'  —  y'  (3) 

Accidental  errors  p  =  =t  a-  +  02  +  y2  (4)  p'  =  ±  y/ a’2  +  0  2  +  y'2  (5) 

The  formulas  are  easy  to  memorize,  considering  the  identi¬ 
cal  mathematical  form  of  the  equations  of  the  same  horizon¬ 
tal  row  and  the  fact  that  the  left  column  uses  the  absolute 
errors  while  the  right  column  employs  the  relative  errors. 
Furthermore,  the  constant  errors  are  added  algebraically, 
while  the  accidental  errors  are  added  according  to  Pythagoras. 

The  usefulness  of  the  tabulated  equations  may  be  demon¬ 
strated  with  the  use  of  a  few  examples.  Formulas  2  and  3 
indicate  that,  with  the  type  of  functions  considered,  the  con¬ 
stant  error  of  the  result  is  equal  to  the  algebraic  sum  of  the 
constant  errors  of  the  determined  quantities.  Constant  errors 
may  compensate  one  another.  If,  however,  one  of  the 
constant  errors  is  outstandingly  large,  its  effect  will  be 
essential  to  determine  the  deviation  of  the  result.  This  fact 
permits  the  simple  evaluation  of  the  significance  of  accidents 
in  the  performance  of  an  analysis.  For  example,  if  one  drop 
(0.05  ml.)  of  a  solution  is  spilled,  or  is  used  for  a  side  test,  the 

relative  error  is  1000  — , - j — - : - t-  this  is 

volume  of  solution  in  ml.  '  ’ 

also  the  relative  error  caused  in  any  determination  hereafter 
carried  out  in  this  solution  (Equation  3). 

Equations  4  and  5  for  the  propagation  of  accidental  errors 
show  that  the  precision  of  the  quantity  affected  with  the 
greatest  uncertainty  will  essentially  determine  the  precision 
of  the  result.  Furthermore,  the  precision  of  the  result  is 
inversely  proportional  to  the  square  root  of  the  number  of 
measurements  and  operations  contributing  identical  un¬ 
certainties.  For  example,  100  measurements  with  average 
deviations  of  ±  l%o  combined  would  furnish  a  result  with  the 
average  deviation  ±10  %0  (Equation  5).  Therefore,  it  does 
not  seem  objectionable  to  include  a  large  number  of  measure¬ 
ments  or  operations  in  a  determination,  provided  that  the 
precision  of  the  individual  procedures  is  sufficiently  high. 
The  practical  disadvantage  of  such  determinations  lies  in 
the  strain  imposed  on  the  experimenter,  who  has  to  maintain 
perfection  during  the  performance  of  a  lengthy  chain  of 
operations. 

The  fact  that  most  analytical  procedures  do  not  possess  a 
higher  precision  than  ±l%o  renders  the  direct  determination 
of  the  major  constituent  of  a  high-grade  material  impracti¬ 
cable.  Even  with  the  use  of  the  hydroxyquinolate  as  weigh¬ 
ing  form,  the  aluminum  content  of  metallic  aluminum  can¬ 
not  be  found  with  a  higher  precision  than  a'  =  ±l%o  or, 
99.9  ±  0.1%,  Al.  Such  a  result  would  indicate  that  the  true 
aluminum  content  may  he  anywhere  between  99.5  and  100 
per  cent.  If,  however,  the  sum  of  the  other  constituents  has 
been  estimated  with  a  precision  even  as  low  as  ±  100  %o,  the 
aluminum  content  is  obtained  with  satisfactory  precision  from 
the  difference 

100.00  % 

0.10  =*=  0.01%  total  impurities 
99.90  ±  0.01%  Al 

In  this  way  the  aluminum  content  is  definitely  established 
within  the  limits  99.86  and  99.94  per  cent.  Equation  4  thus 
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confirms  the  rule  that  it  is  unwise  to  calculate  a  small  quan¬ 
tity  (the  sum  of  the  impurities  in  the  above  case)  as  the  dif¬ 
ference  of  two  large  quantities. 

The  use  of  Equations  1  and  5  will  be  found  helpful  in  the 
establishment  of  a  proper  correlation  of  the  precisions  re¬ 
quired  in  sampling  ( 1 ),  measuring  the  sample,  and  aliquot 
partition,  and  in  the  determination  of  M,  the  measure  of 
the  constituent  determined.  Since  all  the  shortcomings  of 
the  chemical  procedure  usually  combine  in  affecting  M,  this 
measured  quantity  often  exhibits  the  lowest  precision.  In 
order  not  to  lessen  the  precision  further,  it  is  then  advisable 
to  strive  for  four  to  five  times  better  precision  in  all  the  other 
operations.  A  careful  planning  of  the  required  precision  at 
the  different  stages  of  work  saves  time,  labor,  and  apparatus, 
especially  in  routine  analyses  with  large  samples  where  the 
balances  and  volumetric  apparatus  are  usually  capable  of  a 
far  higher  precision  than  is  required. 

In  microanalysis  the  precision  of  the  measuring  apparatus 
is  more  likely  to  be  below  the  required  level,  and  in  some 

I  cases  the  precision  of  the  results  can  be  directly  traced  to  the 
limitations  of  balances,  pipets,  or  burets.  Among  others, 
this  seems  to  be  true  for  a  series  of  copper  determinations 
with  the  use  of  cupric  oxide  as  weighing  form  {2) . 

Summary 

Suggestions  are  made  for  the  establishment  of  precision  and 
accuracy  of  chemical  methods.  An  efficient  and  brief  form 
for  reporting  the  results  of  the  calibration  of  chemical  methods 
is  proposed.  The  difference  of  the  effect  of  additive  and 
proportional  constant  errors  is  demonstrated.  The  trans¬ 


mission  of  errors  to  the  final  result  is  discussed  with  reference 
to  the  use  of  a  general  equation  for  the  calculation  of  chemical 
analyses.  In  general  it  has  been  attempted  to  present  the 
statistical  aspects  of  chemical  measurements  in  a  form  which 
seems  practical  for  the  discussion  of  analytical  data. 
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The  Sampling  and  Analysis  of  Eggs 

W.  S.  GUTHMANN  AND  W.  L.  TERRE,  The  Edwal  Laboratories,  Chicago,  Ill. 


THE  rapid  growth  of  the  egg-breaking  industry  has  led  to 
increased  need  for  accurate  and  reliable  laboratory 
methods  of  analysis  and  control,  especially  since  we  are  deal¬ 
ing  with  a  product  which  is  highly  perishable  and  cannot  be 
pasteurized  as  are  milk,  cheese,  and  similar  dairy  products. 
Preservation  is  entirely  by  means  of  rapid  or  sharp  freezing 
j  and  any  changes  in  composition  of  the  product  packed  must 
be  made  within  a  few  hours,  or  before  the  batch  in  question 
is  frozen  solid. 

Last  year  approximately  180,000,000  pounds  of  eggs  were 

!  packed  in  cans  for  human  consumption.  The  nature  of  the 
pack  depends  upon  the  industry  for  which  it  is  intended. 
Thus  we  have  egg  whites  for  the  baking  and  candy  industries; 
plain  yolk  and  salted  yolk  for  the  mayonnaise  and  noodle 
industries;  whole  eggs,  sugar  yolk,  and  glycerol  yolk  for  the 
baking,  ice  cream,  and  confectionery  trades;  and  a  number  of 
•  types  of  egg  products  packed  to  definite  specifications  as  to 
color  and  composition. 

There  has  been  an  increasing  need  for  rapid  and  reproduc- 
ible  methods  of  analysis  because  of  the  conditions  indicated 
above.  Bacteriological  tests  are  equally  important,  but  will 
be  discussed  in  a  subsequent  paper. 

Sampling 

The  first  difficulty  encountered  by  the  chemist  in  at¬ 
tempting  to  do  control  work  is  the  nature  of  the  egg  itself. 
It  is  very  difficult,  even  in  a  well-churned  batch,  to  achieve 
i  absolute  uniformity  and  the  authors  have  found  that  samples 
*  taken  from  the  top  and  bottom  of  the  churn  vary  in  total 
solids  content  as  much  as  1  or  2  per  cent. 


As  the  result  of  these  discrepancies  they  determined  to  take 
at  least  three  samples  from  each  churnful  sampled:  one  near 
the  top  of  the  churn,  the  next  at  about  the  middle,  and  the 
third  from  the  last  of  the  egg  in  the  churn.  These  three 
samples  were  then  thoroughly  mixed  in  a  quart  container, 
such  as  a  mason  jar  or  milk  bottle,  and  constituted  one  com¬ 
posite  sample  which  represented  with  a  reasonable  degree  of 
accuracy  the  contents  of  the  churn.  The  use  of  a  sampling 
thief,  such  as  is  used  in  the  dairy  industry,  has  been  suggested, 
but  the  authors  have  not  found  its  use  to  be  practical  because 
of  the  difficulty  in  sterilizing  it  properly  at  the  egg-breaking 
plant. 

Table  I  indicates  the  differences  in  total  solids  obtained 


from  a  single  sample  and  from  a  composite 

sample. 

Table 

I.  Total  Solids 

Single 

Composite 

Sample 

Sample 

Error 

% 

% 

% 

Whole  egg 

25.6 

26.2 

2.3 

Whole  egg 

25.1 

26.8 

6.3 

Salt  yolk 

48.3 

49.0 

1.4 

All  analyses  for  total  solids  were  performed  by  the  As¬ 
sociation  of  Official  Agricultural  Chemists’  official  method 
for  eggs.  (An  atmospheric  oven  at  110°  to  120°  C.  yields 
results  as  much  as  0.5  per  cent  higher,  depending  upon  the 
fat  content  of  the  egg.  This  increase  in  apparent  total  solid 
value  is  no  doubt  due  to  the  oxidation  of  the  fat  and  protein 
present.)  The  method  recommended  by  the  association  is 
used  for  the  sampling  of  the  frozen  product. 
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More  recent  work  has  been  done  on  refractometric  methods 
for  total  solids,  and  one  such  has  been  reported  by  Bailey 
(2).  The  method  as  reported,  however,  is  not  as  yet  com¬ 
pletely  satisfactory  for  accurate  control  work. 

Determination  of  Glycerol  in  Egg  Yolks 

Glycerol  yolks  are  packed  chiefly  for  the  baking  trade. 
They  contain  from  5  to  7  per  cent  of  glycerol  and  have  the 
property  of  keeping  the  cakes  baked  from  them  fresh  and 
moist  for  a  longer  period  of  time.  Here  no  A.  0.  A.  C. 
method  applies,  but  the  authors  have  adapted  the  following 
from  the  association’s  method  for  glycerol  in  meat : 

Weigh  out  from  8  to  10  grams  of  the  egg  sample  into  a  50-cc- 
beaker,  add  1  cc.  of  5  per  cent  acetic  acid,  and  heat  over  a  low 
flame  on  a  wire  gauze  with  constant  stirring  until  the  egg  is 
thoroughly  coagulated.  The  material  must  not  be  allowed  to 
char.  The  lumps  of  egg  should  be  dry  in  character  and  not  of  a 
sticky  or  pasty  consistency. 

Transfer  the  coagulated  material  to  a  250-ce.  volumetric 
flask,  washing  beaker  with  25  to  50  cc.  of  water.  Add  about  100 
cc.  of  washed  alumina  cream  and  make  up  the  mixture  to  the  mark 
with  distilled  water.  Shake  thoroughly,  allow  to  stand  for  5 
minutes,  shake  again,  and  filter  through  a  coarse  filter  paper. 
The  filtrate  should  be  perfectly  clear. 

Transfer  25  cc.  of  the  filtrate  to  a  250-cc.  volumetric  flask  and 
add  25  cc.  of  concentrated  sulfuric  acid  and  2  cc.  of  10  per  cent 
silver  nitrate  solution.  Add  10  cc.  of  strong  dichromate  solution 
slowly  from  a  pipet,  place  the  volumetric  flask  on  a  steam  bath, 
and  heat  for  exactly  30  minutes.  Cool  and  dilute  to  the  mark  with 
distilled  water. 

Place  this  solution  in  a  buret  and  titrate  into  a  beaker  contain¬ 
ing  100  cc.  of  water,  15  cc.  of  sulfuric-phosphoric  acid  mixture, 
and  10  cc.  of  ferrous  ammonium  sulfate  solution  measured  ac¬ 
curately  with  a  pipet.  Add  3  drops  of  diphenylamine  solution  as 
an  indicator. 

As  the  titration  proceeds  the  color  changes  from  green  to 
blue-gray  to  a  pure  violet  at  the  end  point. 

Before  each  determination  the  ferrous  ammonium  sulfate 
solution  is  standardized  against  dilute  dichromate  by  placing 
the  dilute  dichromate  in  a  buret,  and  titrating  into  a  beaker 
containing  100  cc.  of  water,  15  cc.  of  sulfuric-phosphoric 
acid  mixture,  and  10  cc.  of  the  ferrous  ammonium  sulfate. 
Three  drops  of  diphenylamine  solution  are  used  as  an  indi¬ 
cator  just  as  in  the  determination. 

Table  II.  Agreement  of  Results 

Glycerol  in  Glycerol 


Yolk  Made  Up  in 

Glycerol  by 

Difference  between 

Blanks  Run  on 

Laboratory 

% 

Analysis 

% 

Duplicates 

Plain  Yolk 

3.98 

4.41 

4.48 

0.07 

4.73 

5.27 

5.22 

0.05 

5.30 

5.90 

5.96 

0.06 

0.63 

6.36 

6.89 

6.92 

0.03 

0.52 

6.72 

7.22 

7.26 

0.04 

The  percentage  of  glycerol  is  calculated  according  to  the 
following  formula : 

When  10  cc.  of  strong  dichromate  and  10  cc.  of  ferrous  am¬ 
monium  sulfate  are  used 

lofioo  -  (  12-5  X  cc-  of  dilute  K2Cr2Q6  \~] 

„  ,  ,  ,  I  \cc-  °f  oxidized  glycerol  solution/J 

%  of  glycerol  = - sample  weight  '  “ 

As  there  is  some  oxidizable  material  present  in  ordinary 
egg  yolk,  the  determination  of  glycerol  in  a  prepared  glycerol 
yolk  by  the  dichromate  method  is  on  an  average  0.5  per  cent 
high.  This  correction  factor  was  checked  by  running  a  series 
of  determinations  on  plain  yolks  and  calculating  the  per  cent 
of  oxidizable  material  as  glycerol.  Table  II  indicates  the 
agreement  of  results  which  may  be  expected  by  this  method. 


The  blank  indicates  that  the  difference,  which  averages 
0.53  per  cent  higher  than  the  glycerol  in  the  sample,  is  due  to 
oxidizable  material  in  the  plain  yolk.  Malhnckrodt  c.  p. 
glycerol  was  used  in  preparing  the  laboratory  samples.  The 
glycerol  assayed  94.5  per  cent  by  the  specific  gravity  method 
as  well  as  by  the  chemical  method  used  in  determining  the 
glycerol  in  egg  yolks.  The  reagents  were  prepared  as  directed 
by  the  Association  of  Official  Agricultural  Chemists  (1). 

Sugar  Method 

Sugar  yolk  is  packed  for  the  baking  and  candy  trade  and 
although  the  A.  O.  A.  C.  method  applies,  it  is  very  unsatis¬ 
factory  because  of  the  difficulty  of  rapidly  determining  the 
end  point  of  the  titration.  The  authors  have,  therefore,  fol¬ 
lowed  the  suggestion  made  by  Lane  and  Eynon  (S),  and  use 
methylene  blue  as  an  indicator.  The  authors  have  been  able 
to  substantiate  the  claim  of  Lane  and  Eynon,  that  there  is  no 
shift  in  the  titration  end  point.  The  use  of  methylene  blue 
as  an  internal  indicator  eliminates  the  possibility  of  oxidation 
of  the  cuprous  oxide  by  the  oxygen  of  the  air,  decreases  the 
time  required  to  complete  a  determination,  and  increases  the 
accuracy  of  the  method  as  a  whole  by  permitting  a  more  ac¬ 
curate  determination  of  the  end  point.  It  would  seem  that 
the  complete  procedure  of  Lane  and  Eynon,  including  their 
tables,  could  well  be  applied  in  this  case. 

The  authors  have  found  that  it  is  necessary  to  analyze  the 
sugar  yolk  within  a  short  time  after  sampling  unless  it  is 
frozen ;  otherwise  a  rapid  decrease  in  apparent  sugar  content 
is  noted,  even  though  toluol  or  some  other  preservative  be 
added.  The  procedure,  as  modified,  is  as  follows: 

Wash  about  25  grams  of  sample  into  a  200-cc.  volumetric 
flask  with  75  cc.  of  water.  Make  slightly  acid  by  adding  2  cc.  of 
5  per  cent  acetic  acid  for  white  or  whole  egg  and  1  cc.  for  yolk. 
Mix,  and  immerse  the  flask  in  boiling  water  until  the  egg  material 
is  thoroughly  coagulated.  This  requires  from  15  minutes  to  0.5 
hour.  Cool  to  room  temperature  and  make  up  to  the  mark  with 
washed  alumina  cream.  Shake  the  sample  vigorously  for  1 
minute,  allow  it  to  stand  5  minutes,  and  then  shake  for  1  minute. 
Filter  through  a  dry  folded  filter. 

Inversion  of  Sucrose.  Pipet  25  cc.  of  the  filtrate  into  a  100- 
cc.  volumetric  flask  and  add  50  cc.  of  water.  Then  add  slowly 
from  a  pipet,  while  rotating  the  flask,  10  cc.  of  dilute  hydrochloric 
acid  (sp.  gr.  1.1029  at  20°  C.).  Heat  a  water  bath  to  70°  C.  and 
regulate  the  burner  so  that  the  temperature  of  the  bath  remains 
approximately  at  that  point.  Place  the  flask  in  the  water  bath, 
insert  a  thermometer,  and  heat  with  constant  agitation  until  the 
thermometer  indicates  67°  C.  This  preliminary  heating  period 
should  require  from  2.5  to  2.75  minutes.  From  the  moment  the 
thermometer  in  the  flask  indicates  67°  C.  leave  the  flask  in  the 
bath  for  exactly  5  minutes  longer,  during  which  time  the  tem¬ 
perature  should  gradually  rise  to  about  69.5°  C.  (if  three  or 
four  samples  are  inserted  at  once  in  the  same  bath  the  initial 
temperature  of  the  bath  should  be  about  75°  C.).  Plunge  the 
flask  at  once  into  water  at  about  20°  C.  When  the  contents  have 
cooled  to  about  30°  C.  remove  the  thermometer  from  the  flask 
and  neutralize  the  solution  with  dilute  sodium  hydroxide.  (The 
sodium  hydroxide  solution  should  be  of  such  strength  that  10  cc. 
of  it  are  equivalent  to  10  cc.  of  the  dilute  hydrochloric  acid  used 
in  the  inversion.)  Fill  almost  to  the  mark.  Leave  the  flask  in 
the  bath  at  20°  C.  for  at  least  30  minutes  longer  and  finally  make 
up  exactly  to  volume. 

Titration  with  Standard  Alkaline  Copper  Solution. 
Place  10  cc.  of  the  modified  Fehling’s  solution  in  a  250-cc. 
Erlenmeyer  flask,  and  add  10  cc.  of  water.  Heat  to  boiling  and 
add  gradually,  from  a  buret,  small  portions  of  the  invert  sugar 
solution,  until  the  copper  has  been  completely  reduced.  The 
solution  must  be  boiled  after  each  addition  to  complete  the  re¬ 
action.  It  is  necessary  to  boil  2  minutes  for  complete  reduction 
when  a  larger  quantity  of  the  sugar  solution  has  been  added  in 
one  portion.  When  the  end  point  is  nearly  reached  and  the 
quantity  of  the  sugar  solution  to  be  added  can  no  longer  be 
judged  by  the  color  of  the  solution,  add  3  to  5  drops  of  a  1  per 
cent  water  solution  of  methylene  blue  and  continue  the  titration 
until  the  blue  solution  is  colorless.  The  sugar  solution  should 
be  of  such  strength  as  to  give  a  buret  reading  of  15  to  20  cc.,  and 
the  number  of  successive  additions  should  be  as  small  as  possible. 
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Standardization  of  Copper  Solution  .  Since  the  factor 
of  calculation  varies  with  the  minute  details  of  manipulation, 
every  operator  must  determine  a  factor  for  himself,  using  a 
known  solution  of  the  pure  sugar  that  he  desires  to  determine 
and  keeping  the  conditions  the  same  as  those  used  for  the 
determination. 

Standardize  the  solution  for  invert  sugar  as  follows:  Dissolve 
4.75  grams  of  pure  sucrose  in  75  cc.  of  water,  add  10  cc.  of  dilute 
hydrochloric  acid  (sp.  gr.  1.1029  at  20°  C.),  and  invert  as  di¬ 
rected  in  the  analytical  procedure.  After  inversion  neutralize 
the  acid  with  sodium  hydroxide  solution  and  dilute  to  1  liter. 
Ten  cubic  centimeters  of  this  solution  contain  0.050  gram  of 
invert  sugar,  which  should  reduce  10  cc.  of  the  modified  Fehling’s 
reagent.  The  strength  of  the  copper  solution  should  never  be 
taken  as  a  constant,  but  should  be  checked  against  the  standard 
sugar  solution. 

Reagents:  Soxhlet’s  modification  of  Fehling’s  solution. 

IMix  immediately  before  use  equal  volumes  of  copper  sulfate 
solution  and  alkaline  tartrate  solution. 

Copper  sulfate  solution.  Dissolve  34.639  grams  of  CuSCh-- 
5H20  in  water,  dilute  to  500  cc.,  and  filter  through  prepared 
asbestos. 

Alkaline  tartrate  solution.  Dissolve  173  grams  of  Rochelle 
salts  and  50  grams  of  sodium  hydroxide  in  water.  Dilute  to  500 
cc.  Allow  to  stand  for  2  days  and  filter  through  prepared  as- 
i  bestos. 

Dilute  hydrochloric  acid  (sp.  gr.  1.1029  at  20°/4°  C.)  contains 
20.195  per  cent  of  hydrochloric  acid. 

Dilute  sodium  hydroxide.  Dissolve  233.0  grams  of  sodium 
hydroxide  in  water  and  make  up  to  1  liter.  Approximately  10 
cc.  of  this  solution  will  neutralize  10  cc.  of  the  hydrochloric  acid 
solution. 

Methylene  blue  indicator,  1  per  cent  water  solution. 

Salt  Method 

Salt  yolks  are  extensively  packed  for  the  mayonnaise  trade, 
since  the  presence  of  about  10  per  cent  of  salt  not  only  acts  as 
a  preservative  but  permits  the  egg  to  be  thawed  as  a  sirupy 
liquid,  whereas  a  plain  yolk  when  thawed  has  a  gummy,  semi¬ 
solid  consistency.  Since  salt  at  2  cents  a  pound  is  very  much 
cheaper  than  egg  yolks  at  25  cents  a  pound,  both  the  packer  and 


the  consumer  are  vigilant  in  seeing  that  the  amount  of  salt 
added  stays  very  close  to  the  predetermined  figure.  Conse¬ 
quently,  it  is  necessary  to  waste  as  little  time  as  possible  in 
determining  the  amount  of  salt  present  in  any  given  amount 
of  eggs  so  that  any  material  that  is  not  up  to  specifications 
may  be  promptly  reprocessed.  There  is  as  yet  no  A.  O.  A.  C. 
method  for  this  work.  The  writers  have  investigated  several 
methods  and  have  found  the  procedure  developed  by  B. 
Harris  of  the  Emulsol  Corporation  to  be  the  most  satisfactory. 
The  analysis  of  salt  yolks,  prepared  accurately  in  the  labora¬ 
tory,  by  this  method  gave  results  which  checked  within  0.1 
per  cent.  Mr.  Harris  has  kindly  permitted  the  authors  to 
submit  his  method,  which  is  as  follows: 

Weigh  5  grams  of  sample  into  a  500-cc.  volumetric  flask  con¬ 
taining  200  cc.  of  water.  Make  up  to  mark  and  shake  thoroughly. 
Pipet  50  cc.  of  this  solution  into  an  Erlenmeyer  flask,  and  add 
10  cc.  of  0.1  N  silver  nitrate  solution  with  shaking.  Add  10  cc. 
strong  nitric  acid  and  5  cc.  of  a  saturated  solution  of  ferric  am¬ 
monium  sulfate,  and  titrate  with  0.1  N  ammonium  thiocyanate 
solution  to  a  permanent  light  brown  color.  One  cubic  centimeter 
of  0.1  N  silver  nitrate  equals  0.005846  gram  of  sodium  chloride. 
Correction  factor:  Subtract  0.3  per  cent  of  sodium  chloride 
from  the  result. 
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Determination  of  Vapors  of  Chlorinated  Hydrocarbons  in  Air 

HENRY  F.  SMYTH,  JR.,  University  of  Pennsylvania,  Philadelphia,  Pa. 


IN  CONNECTION  with  certain  physiological  investiga¬ 
tions  it  was  necessary  to  determine  vapor  concentrations 
of  a  number  of  chlorinated  hydrocarbons  in  air.  Although 
Barrett  ( 1 )  has  recently  described  a  simple  method  for  esti- 


weighing  bottle  was  immersed  in  warm  water  to  hasten 
evaporation,  but  otherwise  no  change  was  made  from  the 
method  already  described  (2).  The  results  are  summarized 
in  Table  I. 


Table  I. 

Compound 


Chloroform 

Carbon  tetrachloride'1 

s-Dichloroethylene 

Trichloroethylene 

Tetrachloroethylene 

1,1,1-Trichloroethane 

s-Tetrachloroethane 

Propylene  chloride 

Chlorobenzene 


Efficiency  of  Thermal  Decomposition  Method  with  Various  Chlorinated  Hydrocarbons 


Calculated 

Trials 

Known  Amounts  Found 

Cl 

Made 

Range 

of  Concentrations 

Range 

Average 

Mg. /I.  of  air 

P.  p.  m. 

% 

% 

89.10 

14 

0 . 073-73 . 6 

15-15,100 

97.4-  98.9 

98.6 

93.38 

14 

0.063-47.8 

10-  7,600 

97.3-100.6 

98.7 

73.16 

14 

0 . 051—89 . 5 

13-22,580 

97.7-  99.6 

98.5 

80.96 

14 

0 . 066-90 . 7 

12-16,900 

98.0-  99.5 

98.7 

85 . 52 

14 

0.073-86.2 

11-12,700 

98.2-  99.6 

98.8 

79.73 

16 

0 . 066-80 . 1 

12-14,680 

98.0-100.2 

99.0 

84.49 

14 

0 . 062-87 . 3 

9-12,700 

97.9-  98.9 

98.3 

62.77 

14 

0.069-80.7 

15-17,500 

98.2-100.0 

98.9 

31.52 

14 

0 . 054-85.0 

12-18,500 

97.5-  99.2 

98.0 

a  Data  from  Olsen  et  al.  (5). 


nating  trichloroethylene  vapors,  it  was  judged  best  to  con¬ 
tinue  with  the  thermal  decomposition  method  (2),  because 
if  the  apparent  general  applicability  of  this  method  to  all 
such  vapors. 

Accordingly,  checks  of  the  thermal  decomposition  method 
vere  made,  using  eight  additional  chlorinated  hydrocarbons. 
The  samples  were  fractionally  distilled,  and  boiling  points, 
specific  gravities,  and  refractive  indices  were  checked  to  assure 
lurity.  For  the  higher  concentrations  of  some  materials,  the 


The  method  without  further  modification  is  suitable  for 
determining  the  vapor  concentrations  of  a  number  of  chlorin¬ 
ated  hydrocarbons  over  a  wide  range  of  concentrations. 
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Determination  of  Metallic  Copper  in  Cuprous 
Oxide— Cupric  Oxide  Mixtures 

LOREN  C.  HURD  AND  ARTHUR  R.  CLARK,  Rohm  and  Haas  Company,  Inc.,  Philadelphia,  Pa. 


Cuprous  oxide  is  soluble  in  cold  aqueous 
ammonia,  whereas  cupric  oxide  is  but 
slightly  soluble  and  metallic  copper  in¬ 
soluble.  The  addition  of  hydrazine  sulfate 
to  the  reagent  tends  to  reduce  any  divalent 
copper  entering  solution  and  prevents  inter¬ 
action  of  cupric  copper  and  metal.  If  the 
extraction  be  carried  out  in  carbon  dioxide 
atmosphere,  the  metallic  copper-cupric 
oxide  mixture  may  be  isolated  and  the  metal 
determined  by  direct  solution  in  acid  ferric 
chloride,  followed  by  titration  with  potas¬ 
sium  dichromate. 

THE  assay  of  commercial  cuprous  oxide,  according  to 
present  approved  and  accepted  methods,  involves  the 
direct  solution  of  a  weighed  sample  in  acid  ferric  chloride. 
The  ferrous  iron  produced  during  the  oxidation  of  the  mono¬ 
valent  copper  is  determined  by  titration  with  a  standardized 
solution  of  potassium  permanganate  ( 1 ,  7).  Inasmuch  as 
metallic  copper  is  also  soluble  in  the  reagent,  this,  if  present, 
is  calculated  to  cuprous  oxide  in  the  analysis.  It  is  thus 
theoretically  possible  for  an  equimolar  mixture  of  cupric  oxide 
and  metallic  copper  to  be  reported  as  pure  cuprous  oxide. 
The  influence  of  copper  on  the  determination  has  been  pre¬ 
viously  noted  (2) . 

Le  Blanc  and  Sachse  (5)  analyzed  mixtures  of  cupric  and 
cuprous  oxide  by  allowing  the  samples  to  react  with  hydro¬ 
chloric  acid  solutions  of  potassium  iodide.  The  iodine 
liberated  as  the  result  of  the  oxidation  of  the  iodide  by  the 
cupric  salt  was  determined  in  the  usual  manner.  When  the 
method  was  applied  to  oxide-metal  mixtures  of  the  type 
under  consideration,  it  was  found  that  the  copper  was  oxidized 
by  the  liberated  iodine  at  such  a  speed  as  to  render  unreliable 
an  analytical  method  utilizing  this  reaction.  The  direct  ex¬ 
traction  of  both  oxides  by  means  of  a  sodium  cyanide  solution 
was  advocated  by  Bonner  and  Kaura  (3) .  When  applied  to 
oxide  mixtures  containing  copper  in  as  fine  a  state  of  division 
as  found  in  commercial  samples,  serious  copper  losses  have 
been  encountered.  Solution  of  the  metal  probably  takes 
place  according  to  both  of  the  following  equations: 

Cu°  +  Cu  +  +  >-  2Cu  + 

2Cu°  +  2CN-  +  2H,0  — >-  (CuCN)2  +  20H-  +  H2 

It  has  been  observed  that  copper  losses  vary  directly  with 
the  amount  of  cupric  oxide  in  the  sample  and  the  volume  of 
reagent  employed. 

The  silver  sulfate-sulfuric  acid  method  (6)  involves  a  pre¬ 
liminary  extraction  of  metallic  copper  by  boiling  the  sample 
with  a  saturated  silver  sulfate  solution.  The  residue,  consist¬ 
ing  of  the  two  oxides  mixed  with  metallic  silver,  is  thoroughly 
washed  and  the  dissolved  copper  determined  in  an  aliquot  of 
the  filtrate.  The  method  leads  to  erroneous  results  because 
during  the  extraction  finely  divided  cuprous  oxide  in  contact 
with  the  hot  sulfate  containing  solution  undergoes  dispro¬ 
portionation.  The  metallic  copper  produced  reacts  with  ex¬ 
cess  silver  sulfate  and  is  thus  dissolved.  Apparent  copper 
recoveries  are  invariably  high,  the  magnitude  of  the  error  de¬ 


pending  upon  the  volume  of  reagent  used  and  the  time  re¬ 
quired  to  make  the  extraction. 

Cuprous  and  cupric  oxides  are  soluble  in  a  number  of  re¬ 
agents  which  are  without  appreciable  solvent  action  upon 
copper.  However,  when  oxide  mixtures  containing  finely 
divided  metallic  copper  are  dissolved  in  the  salt  solutions,  a 
secondary  reaction  between  the  cupric  or  complex  cupric  ions 
and  copper  takes  place.  The  metal  is  oxidized  to  a  soluble 
monovalent  form  with  the  simultaneous  reduction  of  an  equiva¬ 
lent  amount  of  divalent  copper.  Whereas  this  reaction 
may  be  so  slow  as  to  be  of  little  consequence  at  ordinary 
temperature,  it  is  of  significance  at  the  elevated  temperatures 
required  to  dissolve  all  the  cupric  oxide  contained  in  some  of 
the  refractory  commercial  samples. 

In  an  effort  to  decrease  the  solubility  of  metallic  copper  in 
solutions  of  the  type  suitable  for  extraction  of  oxide  mixtures, 
an  attempt  was  made  to  find  a  reducing  agent  which,  when 
added  to  the  salt  solution,  would  reduce  divalent  copper  to 
the  cuprous  state  but  not  to  metallic  copper,  and  which  would 
have  no  solvent  action  upon  the  copper  itself.  Various  com¬ 
binations  of  ammonium  chloride,  ammonium  carbonate,  and 
magnesium  chloride  with  hydrazine  sulfate,  hydroxylamine 
hydrochloride,  sodium  arsenite,  and  other  reducing  agents 
were  investigated.  It  was  found  that  in  an  atmosphere  of 
carbon  dioxide,  a  hot  20  per  cent  solution  of  ammonium  chlo¬ 
ride  containing  5  per  cent  of  hydroxylamine  hydrochloride 
would  dissolve  cuprous  and  cupric  oxide  with  but  slight  action 
upon  coarse  metallic  copper.  However,  when  the  copper  was 
introduced  in  the  form  of  a  325-mesh  powder,  the  action  was 
marked  and  losses  of  as  high  as  10  mg.  of  copper  per  100  mg. 
of  dissolved  cupric  oxide  were  not  uncommon.  Solutions  con¬ 
taining  hydrochloric  acid  behaved  in  a  similar  manner.  Am- 
moniacal  ammonium  chloride  solutions  containing  either 
hydrazine  sulfate  or  hydroxylamine  hydrochloride  could  not 
be  used  because  when  hot  they  react  with  both  cuprous  and 
cupric  copper  to  produce  metal.  It  was  found  that  the 
cuprous  oxide  could  be  quantitatively  extracted  from  oxide- 
metal  mixtures  with  cold  ammonium  hydroxide  containing 
ammonium  carbonate.  Only  a  very  small  amount  of  cupric 
oxide  passed  into  solution  and,  in  the  absence  of  air,  the  copper 
was  practically  insoluble.  The  addition  of  a  small  amount  of 
hydrazine  sulfate  was  found  to  be  effective  in  further  reducing 
dissolution  of  the  metal.  If  the  extraction  was  carried  out  in  an 
atmosphere  of  carbon  dioxide,  the  gas  served  to  prevent  air 
oxidation  and,  as  a  result  of  partial  interaction  with  the 
ammonia,  to  accelerate  solution  of  cuprous  oxide. 

Preparation  of  Solutions 

Extraction  Solution.  Six  grams  of  c.  p.  hydrazine  sulfate 
were  added  to  1  liter  of  aqueous  ammonia  (sp.  gr.  0.90). 

Ferric  Chloride.  One  hundred  and  fifty  grams  of  FeCU- 
6H20  and  300  ml.  of  hydrochloric  acid  (sp.  gr.  1.2)  were  dissolved 
in  800  ml.  of  air-free  carbon  dioxide-saturated  water. 

Indicator.  Two  grams  of  barium  diphenylamine  sulfonate, 
50  ml.  of  carbon  dioxide-saturated  distilled  water,  and  5  grams 
of  sodium  sulfate  were  shaken  until  a  uniform  suspension  of 
barium  sulfate  was  obtained.  The  solution  was  diluted  with  50 
ml.  of  water  and  allowed  to  settle.  When  clear,  the  supernatant 
liquor  was  decanted  through  a  filter  and  preserved  in  a  dark 
bottle.  The  barium  diphenylamine  sulfonate  was  obtained  from 
Eastman  Kodak  Company. 

Phosphoric  Acid.  Ortho,  85  per  cent  reagent,  A.  C.  S.  speci¬ 
fications. 
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Potassium  Dichromate.  0.1  N  solution  prepared  by  dis- 
nlving  4.903  grams  of  reagent  quality  potassium  dichromate 
n  water  and  diluting  to  1  liter. 

Water.  Distilled  water  was  boiled  vigorously  for  several 
ninutes  and  allowed  to  cool  in  an  atmosphere  of  carbon  dioxide. 

slow  current  of  the  gas  was  passed  continuously  through  the 
torage  bottle. 

Apparatus 


gram  sample  for  cuprous  oxide  are  of  convenient  size.  In  this 
case,  one-fifth  of  the  volume  of  dichromate  used  in  the  deter¬ 
mination  of  metallic  copper  is  subtracted  from  the  total  titra¬ 
tion  of  the  smaller  sample  to  give  the  volume  of  dichromate 
actually  equivalent  to  the  cuprous  oxide  in  the  sample. 

Results  of  Analysis 


With  the  possible  exception  of  the  filter  tube,  no  unusual 
pparatus  is  required  for  the  determination. 

The  filter  is  similar  to  that  used  by  Geilmann  and  Weibke  (4), 
nd  consists  essentially  of  a  55-mm.  filter  tube  of  the  type  used 
or  small  Gooch  crucibles.  In  the  opening  is  placed  a  perforated 
iorcelain  button  which  is  seated  at  right  angles  to  the  stem.  An 
sbestos  pad  is  built  up  over  the  button  and  securely  set  by 
amping  with  a  glass  rod.  The  filter  must  be  packed  in  such  a 
lanner  that  the  tube  may  be  held  in  an  inverted  position  with- 
ut  dislodging  either  the  disk  or  the  pad.  It  has  been  found  that 
tube  about  60  X  25  mm.,  with  a  stem  of  110  mm.,  is  a  con- 
enient  size.  A  20-mm.  Gooch  crucible  button  serves  to  support 
!ie  asbestos  pad. 

Procedure 

A  sample  of  suitable  size  is  weighed  out  on  a  small  watch- 
lass,  and  the  glass  and  contents  are  placed  in  a  dry,  wide- 
touthed  250-ml.  Erlenmeyer  flask.  If  the  material  is  an  electro¬ 
nic  product  low  in  copper,  it  is  advisable  to  take  a  1-  to  2-gram 
imple.  If  it  is  from  a  “thermal  process,”  the  percentage  of  cop¬ 
er  is  usually  large  and  a  smaller  sample  will  suffice.  The  air  in 
le  flask  is  displaced  with  carbon  dioxide  (15  to  20  cubic  feet 
it  hour)  and  10  ml.  of  ethyl  alcohol  are  added  to  dissolve  any 
1  present  in  the  sample.  Without  interrupting  the  flow  of  gas, 
30  ml.  of  extraction  solution  are  added.  Any  lumps  of  oxide 
■e  broken  up  with  a  stirring  rod.  Violent  agitation  should  be 
Voided.  The  carbon  dioxide  inlet  should  be  about  5  cm. 

!  inches)  above  the  surface  of  the  liquid.  The  time  required  for 
•mplete  solution  of  all  cuprous  oxide  varies  between  1  and  5 
inutes,  depending  upon  the  amount  and  character  of  the  sample 
ider  investigation. 

When  the  cuprous  oxide  has  completely  dissolved,  as  evidenced 
D  the  total  disappearance  of  red  particles,  the  filter  is  connected 
a  suction  and  slowly  lowered  into  the  flask.  As  soon  as  the 
ilk  of  the  solution  is  removed,  the  flask  is  rinsed  with  carbon 
oxide-saturated  water  and  the  filtration  and  washing  are 
ntinued.  Five  or  six  100-ml.  portions  of  wash  water  will  suffice 
remove  all  the  original  extraction  solution  containing  the 
ssolved  cuprous  oxide.  The  filter  is  then  disconnected  and  the 
id  and  contents  are  pushed  back  into  the  flask  with  a  glass  rod. 
fteen  milliliters  of  ferric  chloride  solution  are  added  and  the 
isk  is  warmed  to  dissolve  the  cupric  oxide-copper  residue. 
Tien  all  particles  have  disappeared,  the  solution  is  cooled  to 
low  40°  C.  and  10  ml.  of  phosphoric  acid  and  3  drops  of  indica- 
r  are  added.  Dichromate  solution  is  run  into  the  flask  until 
e  end  point,  a  change  from  pea  green  to  intense  purple,  is 
ached. 

The  result  is  calculated  according  to  the  following  equation : 
—  2CrS  Xf  mL  ^  °'°3179  x  100  =  %  Cu 

wt.  of  sample 

The  percentage  of  cuprous  oxide  in  the  sample  may  be  deter- 
t.ned  by  dissolving  a  0.2-gram  sample  in  ferric  chloride  and 
1  rating  the  ferrous  iron  produced  with  potassium  dichromate 
i  the  manner  described.  It  is  essential  that  solution  of  the 
fmple  be  carried  out  in  an  atmosphere  of  carbon  dioxide  or 
ther  inert  gas.  From  the  volume  of  dichromate  solution 
*  uivalent  to  both  the  cuprous  oxide  and  copper,  the  true 
jrcentage  of  cuprous  oxide  in  the  sample  may  be  calculated 
•cording  to  the  following  equation: 

M1KjC„o7  -  (%  Cu  X  wt~  of  samp1^ 


3.179  X  N 
wt.  of  sample 


- 


X  0.07157  X  N 


X 


The  calculation  of  the  result  is  simplified  if  the  sample  taken 
f  •  the  copper  determination  be  a  simple  multiple  of  that  used 
l  the  oxide  analysis.  In  actual  practice  it  has  been  found 
*  it  a  1.000-gram  sample  for  metallic  copper  and  a  0.2000- 


The  method  as  outlined  above  was  checked  on  a  variety  of 
cupric  oxide,  cuprous  oxide,  and  copper  combinations  under 
varying  conditions.  In  Table  I  are  to  be  found  the  results 
of  one  complete  series  of  determinations  upon  such  mixtures. 


Table  I.  Results 

of  Determinations 

Weight  Taken 

Copper 

No. 

Cu 

CuO 

Cu20 

Found 

Error  Remarks 

Gram 

Gram 

Gram 

Gram 

Gram 

1 

1.000 

0.0024 

.  0 

.24%  Cu 

2 

2.000 

0.0045 

.  0 

.22%  Cu 

Extrac- 

Vol- 

tion 

ume 

Min. 

Ml. 

3 

0.0297 

0.0291 

-0.0006 

1 

4 

0.0582 

0.0581 

-0.0001 

3 

5 

0.1079 

0.1070 

-0.0009 

5 

6 

0 . 0962 

0  030 

0.0956 

-0.0006 

1 

7 

0.0985 

0.060 

0.0986 

+0.0001 

3 

8 

0.1041 

0.100 

0.1032 

-0.0009 

5 

9 

0.0994 

0.300 

0.0984 

-0.0010 

3 

10 

0.1022 

0.750 

0.1011 

-0.0011 

3 

11 

0.1000 

0.4000 

0.0997 

-0.0003 

1 

12 

0.1024 

0 . 2000 

0.1020 

-0.0004 

3 

13 

0.1013 

0.1000 

0.1006 

-0.0007 

5 

14 

0.1001 

0.0990 

0.0999 

-0.0002 

3 

15 

0.1010 

0 . 2000 

0.1007 

-0.0003 

3 

16 

0.1009 

0.1500 

0.1000 

-0.0009 

3 

17 

0.1045 

0.050 

0.1000 

0.1048 

+  0.0003 

3 

ioo 

18 

0 . 0969 

0.050 

0.1000 

0.0966 

-0.0003 

3 

150 

19 

0.1064 

0.250 

0 . 4000 

0.1068 

+0.0004 

3 

200 

20 

0.1029 

0.050 

0 . 9000 

0.1030 

+0.0001 

3 

300 

21 

0.1017 

0.150 

0.3000 

0.1022 

+  0.0005 

3 

100 

22 

0.1023 

0.1023 

0 . 0000 

3 

100 

23 

0.1004 

0.1005 

+  0.0001 

3 

100 

24 

0.0995 

0.151 

0.0992 

-0.0003 

3 

100 

25 

0.1035 

0.150 

0 . 1033 

-0.0002 

3 

100 

26 

0.1023 

0 . 4000 

0.1015 

-0.0008 

3 

100 

27 

0.1009 

0.3500 

0.1000 

-0 . 0009 

3 

100 

28 

0.1078 

0.050 

0.7000 

0.1079 

+  0.0001 

3 

100 

29 

0.1001 

0.050 

0.0200 

0.0992 

-0.0009 

3 

100 

30 

0.0993 

0.1000 

0 . 6000 

0.0988 

-0.0005 

3 

100 

31 

0 . 1049 

0.050 

0.3000 

0.1040 

-0.0009 

3 

100 

32 

0.1034 

0.100 

0 . 0600 

0.1032 

-0.0002 

3 

100 

33 

0.1010 

0.400 

0.1000 

0  1000 

-0.0010 

3 

100 

Table 

II.  Analysis  of  Commercial 

Samples  of  Cuprous 

Oxide 

Sample  No. 

“Cu20” 

Direct 

Cu  Found  Cu20  Present 

% 

% 

% 

la 

98 

68 

10.38 

75.16 

10.44 

75 

15 

2m 

104 

20 

11.84 

77 

43 

11.84 

77 

42 

3m 

88 

84 

1.27 

85 

98 

1.29 

85 

90 

4m 

99 

48 

9.54 

77 

97 

9.54 

78 

05 

5L 

95 

61 

0.26 

95 

00 

0.24 

95 

01 

6T 

6 

92 

0.22 

6 

49 

0.22 

6 

46 

The  cuprous  oxide  used  was  a  commercial  grade  electrolytic 
product.  The  cupric  oxide  was  a  325-mesh  screen  fraction 
from  reagent  quality  material.  The  metallic  copper  was 
325-mesh  electrolytic  copper  powder  which  had  been  pre¬ 
viously  extracted  with  the  ammonium  hydroxide- hydrazine 
sulfate  solution,  washed  with  water,  alcohol,  and  ether,  and 
dried  in  a  vacuum  desiccator.  Results  are 
corrected  for  copper  contained  in  the  cuprous 
100  =  %  Cu20  oxide  used  in  the  experiments. 

The  errors  are  of  about  the  same  magnitude, 
irrespective  of  the  amounts  of  material  taken  or  the  volume  of 
extraction  solution  used.  It  was  found  that,  if  the  ammonium 
hydroxide-hydrazine  sulfate  solution  was  allowed  to  stand  in 
contact  with  the  samples  for  more  than  10  minutes,  the 
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loss  in  copper  sometimes  amounted  to  more  than  2  mg.  In 
one  experiment,  the  reagent  was  allowed  to  act  upon  a  mix¬ 
ture  of  0.4  gram  of  cupric  oxide,  0.3  gram  of  cuprous  oxide, 
and  0.1  gram  of  copper  for  1  hour.  At  the  end  of  this  time, 
0.0050  mg.  of  copper  had  dissolved.  Care  must  be  taken  not 
to  allow  the  extraction  solution  to  become  saturated  with 
carbon  dioxide.  If  the  gas  inlet  to  the  flask  be  placed  be¬ 
neath  the  surface  of  the  liquid,  solubility  errors  will  be  in¬ 
creased. 

Fifteen  determinations  of  metallic  copper  made  upon  a 
sample  of  electrolytic  cuprous  oxide  indicated  an  average 
value  of  0.25  per  cent,  with  a  maximum  deviation  of  0.01 
per  cent  and  an  average  deviation  of  ±0.006  per  cent. 
The  same  number  of  determinations  on  a  sample  of  “thermal 
process”  cuprous  oxide  yielded  an  average  value  of  1.07  per 


cent,  with  a  maximum  deviation  of  0.02  per  cent  and  an  avei 
age  deviation  of  ±0.008  per  cent. 
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Quantitative  Determination  of  Cadmium  and 

Lead  in  Zinc 

Using  a  Grating  Spectrograph  with  a  Sector  Disk 

HARRIS  M.  SULLIVAN,  The  Pennsylvania  State  College,  State  College,  Pa. 


THIS  work  was  an  attempt  to  determine  the  possibility  of 
using  a  replica  grating  spectrograph  for  making  a  quan¬ 
titative  determination  of  metallic  impurities  in  compounds. 
The  specific  problem  at  hand  was  the  quantitative  determina¬ 
tion  of  cadmium  and  lead  impurities  in  zinc.  It  was  desired 
to  take  a  specimen  of  unknown  content  and,  by  a  simple  pro¬ 
cedure  requiring  approximately  15  minutes,  excite  the 
spectrum  of  the  specimen,  obtain  a  spectrogram,  and  from 
this  spectrogram  obtain  the  quantity  of  the  impurities  pres¬ 
ent.  A  method  suitable  for  commercial  use  was  desired. 


A  typical  spectrogram  is  shown  in  Figure  1.  Assuming  t 
percentage  content  of  the  element  present  to  be  directly  pr 
portional  to  the  intensity  of  its  characteristic  lines  for  sm; 
percentages  and  the  blackening  of  the  film  to  vary  logarit 
mically  with  the  intensity  falling  upon  the  film,  then  t 
lengths  of  the  lines  produced  by  different  percentages  of : 
element  plotted  against  the  percentage  of  the  element  shou 
result  in  a  curve  which  is  a  straight  fine.  The  curves  we 
actually  found  to  vary  slightly  from  straight  lines,  as  seen 
Figure  2. 


The  grating  is  mounted  in  the  Rowland  fashion,  with  the  cam¬ 
era  fixed  to  photograph  the  first  order  of  the  visible  range.  It  is 
possible,  by  rotating  the  grating  about  its  vertical  axis,  to  obtain 
wave  lengths  from  10,000  A.  to  2100  A.,  the  ultraviolet  just  out¬ 
side  the  visible  range  being  the  most  useful. 

The  logarithmic  sector  disk  is  placed  as  near  the  slit  as  possible, 
and  the  mounting  made  stigmatic  by  placing  the  arc  at  the  focal 
center  of  a  convex  lens,  thus  rendering  a  parallel  beam  of  light  on 
the  slit.  The  sector  disk  is  caused  to  rotate  at  a  speed  of  300 
r.  p.  m.  and  is  adjusted  so  that  approximately  3-mm.  length  of 
the  16-mm.  slit  is  left  open  at  all  times.  The  remainder  of  the 
slit  opening  is  varied  during  the  time  of  exposure  as  the  sector  disk 
rotates  in  front  of  it.  The  variation  of  time  along  the  slit  causes 
the  lengths  of  the  lines  on  the  film  to  vary  according  to  the  in¬ 
tensity  of  the  line. 


The  arc  consists  of  two  vertical  graphite  electrodes,  whi 
must  be  of  the  purest  graphite  and  approximately  0.6  cm.  (0. 
inch)  in  diameter.  The  lower  (positive)  electrode  is  drilled  wi 
a  0.39-cm.  (0.156-inch)  drill  to  a  depth  of  0.6  cm.  (0.25  inch)  a 
the  sample  under  investigation  is  stuffed  into  this  basin.  T1 
method  of  excitation  of  the  spectra  of  slowly  volatilizing  si 
stances  is  very  effective  because  of  the  high  temperature  reach 
by  the  carbon  arc.  The  current  through  the  arc  was  about  5  a 
peres  and  the  voltage  supply  220  volts  direct  current.  The  vo 
age  drop  across  the  arc  was  40  volts  and  the  arc  gap  1  cm. 

It  is  essential  in  this  type  of  work  that  the  current  and  volta 
drop  across  the  arc,  and  consequently  the  energy  consum 
by  the  arc,  remain  constant.  An  inductance  may  be  placed 

series  with  the  arc  and  resistar 
to  stabilize  the  arc  currer 
Any  other  proved  method  of  i 
excitation  of  the  spectra  of  t 
elements  should  prove  as  sal 
factory  as  the  one  used  here. 

Because  sulfates  are  stable 
the  arc,  the  sulfate  form  of  1 
sample  was  used  for  these  tes 
Any  metal  sample  may  be  j 
into  the  sulfate  form  by  first  c 
solving  the  sample  in  cone 
trated  nitric  acid,  then  add 
concentrated  sulfuric  acid  a 
evaporating  the  solution  to  d 
ness  under  a  hood.  After  ' 
residue  has  completely  dried 
is  ground  in  a  mortar  a 
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Figure  1.  Spectrogram 
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mixed  thoroughly.  In  this  work,  samples  were  prepared 
from  chemically  pure  zinc  sulfate,  lead  sulfate,  and  cadmium 
sulfate.  These  were  thoroughly  dried,  weighed  out  in  known 
amounts  to  obtain  the  desired  percentages,  then  ground  and 
mixed  in  an  agate  mortar.  Percentages  are  expressed  in 
terms  of  weight  per  cent  of  zinc,  lead,  and  cadmium  metal 
present  rather  than  in  terms  of  total  weights  of  salts  present. 

Several  technics  of  preparing  the  sample  for  its  spectra  ex¬ 
citation  have  been  reported  (1,  2,  8).  In  this  experiment  the 
|  one  chosen  was  that  of  placing  the  same  amount  of  powdered 
specimen  in  the  lower  electrode  basin  and  burning  the  arc  for 
a  definite  period.  This  time  of  exposure  was  1  minute.  The 
films  were  developed  for  1  minute  at  about  25°  C.  The 
lines  were  measured  with  a  small  millimeter  scale  and  magni¬ 
fying  glass  in  diffused  white  light.  Measurements  of  lengths 
of  the  spectral  lines  can  be  repeated  to  within  0.2  mm. 


Table  I.  Cadmium  Impurity  in  Zinc 


Cadmium 

Length  of  Line 
(3261  A.) 

% 

Mm. 

0.001 

5.1 

0.002 

5.5 

0.003 

5.8 

0.007 

6.8 

0.012 

8.0 

0.020 

9.8 

Table  II.  Lead  Impurity  in  Zinc 


Lead 

„  Length  of  Line 

(2663  A.) 

(2833  A.) 

% 

Mm. 

Mm. 

0.001 

4.4 

0.002 

5.0 

0.003 

i.8 

5.3 

0.008 

2.8 

6.8 

0.012 

3.6 

7.8 

0.020 

4.9 

9.0 

Table  I  shows  the  tabulated  results  for  cadmium,  and 
Table  II,  for  lead.  These  results  are  shown  graphically  in 


Figure  2.  Cadmium  and  Lead  Impurities  in  Zinc 

Figure  2.  The  2663  A.  line  of  lead  fails  to  appear  below 
0.003  per  cent  lead. 

It  can  be  concluded  from  these  results  that  cadmium  and 
lead  impurities  in  zinc  can  be  easily  detected  down  to  10  parts 
in  one  million,  with  an  accuracy  of  10  to  15  per  cent.  The 
lengths  of  the  cadmium  and  lead  lines  at  0.001  per  cent  indi¬ 
cate  that  percentages  of  these  impurities  below  0.001  per  cent 
could  be  detected  and  the  amounts  estimated. 
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Determination  of  Manganese  in  18-8  Corrosion-Resisting  Steel 

LOUIS  SILVERMAN,  2129  Nightman  St.,  Pittsburgh,  Pa. 


STEELS  of  the  1&-8  (chrome-nickel)  type  dissolve  rather 
slowly  in  sulfuric  acid,  but  rapidly  in  aqua  regia.  Both 
:he  nitric  and  hydrochloric  acids  are  easily  removed  by  per¬ 
chloric  acid  at  its  boiling  point .  After  cooling  and  diluting,  the 
chromium  is  precipitated  during  the  neutralization  with  zinc 
iixide  emulsion.  After  correctly  preparing  the  solution  and 
itrating  the  manganese,  the  results  on  standard  samples  ran 
iibout  0.1  per  cent  too  low.  It  was  possible  that  a  portion  of 
■he  manganese  had  separated  as  a  chromate,  or  that  some  man- 
;anese  was  oxidized  to  the  trivalent  form  by  the  perchloric 
icid  and  came  out  as  the  hydroxide  upon  the  addition  of  the 
inc  oxide  emulsion. 


To  take  care  of  either  possibility,  sulfurous  acid  was  added 
o  the  solution  which  had  been  fumed  with  perchloric  acid  and 
liluted.  Completion  of  the  routine  analysis  showed  exact 
hecks  with  the  sulfuric  acid  solution  method. 


Weigh  1  gram  of  drillings  into  a  150-cc.  beaker.  Add  25  cc.  o 
he  dissolving  solution  (1000  cc.  of  water,  250  cc.  of  nitric  acid,  ant 
50  cc.  of  hydrochloric  acid),  and  heat  until  solution  is  complete 
|tdd  10  cc.  of  perchloric  acid  (technical),  and  boil  until  the  chro 
hum  is  oxidized  and  the  perchloric  acid  starts  to  condense  or 
he  cover  and  walls  of  the  beaker.  Remove  from  the  hot  plate 
Vash  the  acid  down  with  water.  Dissolve  the  residue  wit! 
'ater,  dilute  to  about  30  cc.,  and  add  10  cc.  of  a  saturated  sul 
ir  dioxide  solution  (10  cc.  of  a  25  per  cent  sodium  sulfite  solutioi 
irill  do)  to  reduce  the  chromium.  Boil  2  or  3  minutes.  Cool 


Neutralize  with  freshly  prepared  zinc  oxide  emulsion,  using  but 
a  slight  excess.  Cool,  and  make  up  the  solution  to  250  cc.  in  a 
volumetric  flask. 

Empty  into  a  400-cc.  beaker  and  stir;  the  chromium  will  settle 
in  a  short  time.  Pipet  out  50  cc.  into  a  150-cc.  fat-extraction 
flask.  Add  30  cc.  of  a  mixture  of  3600  cc.  of  nitric  acid,  810  cc.  of 
sulfuric  acid,  300  cc.  of  orthophosphoric  acid,  232  grams  of  silver 
nitrate,  and  13,860  cc.  of  water.  Heat  until  the  solution  is  clear. 
Add  20  cc.  of  6  per  cent  ammonium  persulfate  solution,  and  heat 
carefully  till  bubbles  of  oxygen  form  on  the  surface  of  the  liquid. 
Cool.  Titrate  with  arsenite  solution  of  such  strength  that  1  cc. 
is  equivalent  to  0.1  per  cent  of  manganese  on  the  0.2-gram  sample. 

Using  U.  S.  Bureau  of  Standards  sample  KA2-S,  5.5  cc. 
were  required  by  both  this  and  the  sulfuric  acid  solution 
methods. 


Discussion 

This  solution  method  is  faster  than  solution  in  sulfuric  acid, 
or  directly  in  perchloric  acid.  It  has  the  further  advantage 
that  iron  is  not  separated  from  solution  by  the  zinc  oxide. 
Thus  the  permanganate  solution  which  is  brought  to  the  ar¬ 
senite  buret  is  in  almost  the  same  condition  as  that  of  a  low- 
chromium  steel  which  was  probably  used  to  standardize  the 
original  arsenite  solution.  The  accuracy  is  the  same  as  that 
of  the  sulfuric  acid  solution  method. 
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Microdetermination  of  Fluorine 

Elimination  of  Effect  of  Chloride 

WALLACE  D.  ARMSTRONG,  Laboratory  of  Physiological  Chemistry  and  School  of  Dentistry,  University  of  Minnesota, 

Minneapolis,  Minn. 


WILLARD  and  Winter  (3) 
have  made  the  most  valu¬ 
able  contribution  to  fluorine 
analysis  in  recent  years.  They 
proposed  the  separation  of 
fluorine  from  substances  which 
interfere  with  its  determina¬ 
tion  by  distillation  of  hydro- 
fluosilicic  acid  and  the  titration 
of  the  evolved  fluorine,  in  an 
alcoholic  solution,  with  standard 
thorium  nitrate  solution.  Be¬ 
cause  the  indicator  which 
they  employed  combined  with 
fluorine,  being  a  lake  of  zirco¬ 
nium  and  sodium  alizarin  sul¬ 
fonate,  and  was  otherwise  incon¬ 
venient,  this  writer  (I)  simpli¬ 
fied  the  procedure  by  using  an 
aqueous  solution  of  sodium 
alizarin  sulfonate  as  the  indi¬ 
cator.  This  modified  procedure 
has  become  the  most  generally 
used  fluorine  analytical  method 
and  has  undergone  further 
modification,  chiefly  at  the 
hands  of  Hoskins  and  Ferris  (3), 
who  present  an  adequate  review 
of  the  literature. 

There  is  need  for  a  simple 
procedure  applicable  to  the 
determination  of  very  small 
quantities  of  fluorine,  since  many 
naturally  occurring  substances  contain  little  of  this  element 
and  large  samples  must  be  employed.  The  manipulation  of 
large  samples  is  inconvenient  and  the  quantity  of  extraneous 
substances  thus  introduced  causes  inaccurate  results..  The 
technic  herewith  presented  permits  the  determination  of 
microgram  quantities  of  fluorine  with  an  accuracy  fully  as 
great,  if  not  greater  than,  that  obtained  with  the  macro¬ 
procedure  or  semi-microprocedure  previously  published. 

It  was  not  possible  to  obtain  satisfactory  results  by  direct 
adaptation  of  the  previously  described  methods.  The 
adaptation  consisted  in  a  reduction  in  volume  of  the  alcoholic 
solution  for  titration  to  2  cc.  and  in  the  use  of  0.0004  N  instead 
of  0.01  or  0.001  N  thorium  nitrate  solution.  The  results  of 
titration  of  1.25  to  10.0  y  of  fluorine  in  48  per  cent  alcohol 
fell  on  a  straight  line  when  plotted,  but  the  plotted  data  of 
the  titration  of  0.5  to  1.25  y  fell  on  another  line  (Figure  1). 
The  smaller  amounts  of  fluorine  required  more  thorium  ni¬ 
trate  than  that  which  corresponds  to  the  amounts  predicted 
from  the  projection  of  the  first-mentioned  line.  Attempts  to 
correct  the  lack  of  equivalence  of  the  thorium  nitrate  solution 
for  amounts  of  fluorine  greater  and  less  than  1.25  y  by  the 
following  methods  failed:  (1)  alteration  of  the  amounts  of 
hydrochloric  acid  of  various  dilutions  added  in  excess  of  that 
required  to  adjust  the  color  of  the  indicator  to  greenish  yellow ; 
(2)  use  of  nitric  acid  for  adjustment  of  the  acidity  of  the  solu¬ 
tions  for  titration;  (3)  use  of  the  monochloroacetic  acid  buffer 
of  Hoskins  and  Ferris;  (4)  the  addition  of  1  drop  of  1  N 
sodium  chloride  to  the  solution  to  produce  approximately 


equal  ionic  concentration  of  all 
solutions;  (5)  the  use  of  a 
thorium  nitrate  solution  in  48  per 
cent  alcohol;  (6)  various  com¬ 
binations  of  these  procedures. 

The  results  obtained  on  the 
distillation  and  titration,  in 
alcoholic  solution,  of  10  to  25  y 
of  fluorine,  introduced  as 
sodium  fluoride,  averaged  20  7 
in  excess  of  the  theoretical 
amount  even  though  the  ali¬ 
quots  contained  2.5  7  of  fluorine 
and  the  Hoskins-Ferris  buffer 
was  employed.  That  the 
cause  of  the  high  results  was 
due  to  some  substance  collected 
during  the  distillation  was 
shown  by  experiments  in  which 
no  fluorine  was  distilled. 
Twenty-five  gamma  of  fluorine 
were  added  directly  to  the 
receiver  contents  and  the  results 
of  titration  were  again  20  7  n 
excess  of  the  theoretical  quan¬ 
tity.  The  interfering  agent  was 
found  to  be  perchloric  acid  col¬ 
lected  in  the  receiver.  The 
titration  of  dilute  solutions  of 
perchloric  acid  showed  that 
this  acid  behaved  as  fluorine  in 
proportion  to  its  concentration. 
The  amount  of  perchloric 
acid  volatilized  varies  with  the  temperature  of  distillation  and 
volume  of  distillate.  At  140°  the  equivalent  of  about  2  cc. 
of  0.1  N  acid  is  collected  in  150  cc.  of  distillate.  At  13o 
the  distillation  blank  is  reduced  to  the  equivalent  of  8  7  of 
fluorine  but  the  recovery  of  fluorine  is  only  70  per  cent  of  the 
theoretical  quantity.  While  the  distillation  blank  may  be 
maintained  reasonably  constant  under  controlled  conditions 
its  magnitude  and  variations  prevent  the  accurate  determina 
tion  of  small  quantities  of  fluorine. 

Other  expedients  which  were  tried  in  attempts  to  ehminati 
the  effect  of  perchloric  acid  but  which  were  unsuccessful  wer 

(1)  reduction  of  the  perchloric  acid  with  hydrazine  hydrate 

(2)  its  removal  by  aeration  of  the  acidified  solution;  (3)  re 
distillation  of  the  concentrated  receiver  contents  from  phc- 
phoric  and  sulfuric  acids;  (4)  the  use  of  the  Hoskins-Ferr. 
buffer;  and  (5)  the  use  of  a  distilling  flask  provided  with 
“spray  trap.” 

Principle  of  Method 

It  was  found  that  the  results  of  titration  of  0.5  to  10 
of  fluorine  in  1  cc.  of  aqueous  solution  fell  on  a  straight  hi 
when  plotted  (Figure  1)  and  also  that,  under  this  condition 
the  amount  of  perchloric  acid  collected  in  the  distillate  did  no 
influence  the  results  when  the  receiver  contents  were  coi 
centrated  to  a  volume  no  less  than  10  cc.  The  determin; 
tion  of  5  7  or  less  of  fluorine  requires  that  the  receiver  conteni 
be  evaporated  to  at  least  5  cc.,  in  which  case  the  increase 
concentration  of  perchloric  acid  in  1-cc.  aliquots  causes  hig 


The  fluorine  content  of  biological  and 
some  other  materials  is  so  low  as  to  re¬ 
quire  the  use  of  a  micromethod  for  its  ac¬ 
curate  determination.  Based  on  the  titra¬ 
tion  of  fluorine  in  aqueous  solution  with 
thorium  nitrate,  such  a  procedure  has  been 
developed.  The  use  of  aqueous  rather 
than  the  usually  employed  alcoholic  solu¬ 
tion  gives  better  results  because  the  equiva¬ 
lence  of  the  thorium  nitrate  solution  for 
fluorine  through  the  range  0.5  to  10  micro¬ 
grams  of  fluorine  is  exact,  a  situation  which 
does  not  obtain  when  alcoholic  solutions 
are  employed.  In  aqueous  solution  the 
concentration  of  perchloric  acid  required 
to  influence  the  results  is  greater  than  in 
alcoholic  solution.  The  amount  of  per¬ 
chloric  acid  evolved  is  reduced  by  distilling 
hydrofluosilicic  acid  in  the  presence  of 
sodium  perchlorate.  The  fluorine  content 
of  some  samples  of  dental  enamel,  dentine, 
and  inorganic  phosphates  has  been  deter¬ 
mined.  A  procedure  for  the  removal  of 
chloride,  when  present  in  interfering 
amounts,  by  the  use  of  silver  perchlorate  is 
presented. 
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•suits  (Tables  I  and  II).  The  amount  of  perchloric  acid 
fleeted  in  the  distillate  can  be  reduced,  it  was  discovered, 
/  as  much  as  50  per  cent  by  the  introduction  of  sufficient 
dium  perchlorate  in  the  distilling  flask.  This  salt,  since  it 
evates  the  boiling  point  of  the  solution,  reduces  the  con- 
ntration  of  acid  per  unit  volume  in  the  contents  of  the  dis¬ 
ling  flask  and  thus  diminishes  the  quantity  of  acid  vola- 
iized. 

Hoskins  and  Ferris  (0)  reported  that  good  results  were  ob- 
ined  in  the  titration  of  alcoholic  solutions  only  when  buffered 
pH  3.5.  It  was  found  that  the  use  of  the  buffer  is  unneces- 
ry  if  sufficient  care  is  used  to  adjust,  with  dilute  hydro- 
loric  acid,  the  acidity  of  the  solutions  before  titration 
igure  1).  However,  because  of  the  convenience  gained  by 
iploying  the  buffer,  its  use  has  been  adopted.  While  the 
I  of  the  monochloroacetic  acid-sodium  salt  buffer  is  3.5 
48  per  cent  alcohol,  its  pH  is  2.8  in  water.  For  titration  in 
ueous  solution  a2I  formic  acid-sodium  salt  buffer  was 
spared  and  used  for  a  short  time.  The  pH  of  the  undiluted 
ffer,  by  determination  with  the  glass  electrode,  was  3.48 
d  when  diluted  40  times  was  3.68.  One  drop  of  this  buffer 
s  added  to  each  1-cc.  aliquot,  after  preliminary  adjustment 
<  the  acidity  of  the  solutions  to  the  transition  interval  of  the 
i  licator,  but  it  was  found  that  there  was  a  tendency  for 
ounts  of  fluorine  below  2  y  to  require  too  much  thorium 
i  rate.  By  the  use  of  the  Hoskins-Ferris  buffer,  even 
1  'Ugh  the  theoretical  and  determined  pH  is  2.8  in  aqueous 
•  ution,  exact  equivalence  of  fluorine  for  thorium  nitrate 
t  ough  the  range  0.5  to  10  y  of  fluorine  was  observed.  Thus 
t  optimum  pH  for  the  titration  of  fluorine  in  48  per  cent 
a  oholic  and  in  aqueous  solutions  vary,  although  the  identical 
t  Ter  is  employed. 

Special  Reagents  and  Procedure 

'repare  a  stock  solution  of  sodium  fluoride  containing  1  mg. 
iuorine  per  cc.,  and  from  this  solution  make  others  containing 
1  5,  and  10  y  of  fluorine  per  cc.  The  sodium  fluoride  used  in 
t  work  described  in  this  report  was  synthesized  in  this  labora- 
t  '  and  its  purity  checked  by  conversion  to  sodium  sulfate. 

odium  perchlorate :  Neutralize  60  per  cent  acid  with  strong 
5  urn  hydroxide  and  evaporate  the  solution  until  it  boils  at 

1  0  C.  Collect  the  crystals  which  form  on  chilling  the  solution 
a  dry  them  at  110°  C.  Silver  perchlorate:  In  the  dark  room 
a  a  slight  excess  of  freshly  prepared  silver  oxide  to  40.3  grams 
o  0  per  cent  acid.  Filter  and  dilute  the  solution  to  250  cc., 

2  ng  a  solution  containing  1  gram  of  the  salt  per  5  cc.  Store 
ti  product  in  a  dark  bottle.  Buffer:  Neutralize,  with  sodium 
n  \  roxide,  50  cc.  of  4  M  monochloroacetic  acid  to  phenolphthalein, 
a  50  cc.  of  4  M  monochloroacetic  acid,  and  dilute  to  200  cc. 

er:  Ordinary  distilled  water  apparently  contains  a  trace  of 
ti' ride,  which  is  removed  by  redistillation  from  alkali.  Titra- 
ti  vessels:  Cylindrical  vials  approximately  4.5  X  1.4  cm. 
v  used.  Those  in  which  dentists  receive  gold  foil  are  ideal  and 
ea  be  obtained  in  quantity.  They  should  be  selected  for  uniform 
si 

he  apparatus  employed  in  the  distillation  of  hydrofluo- 
ic  acid  is  identical  with  that  used  by  Willard  and  Winter 
If  the  water  employed  in  the  distillation  is  freshly 
x  ‘d  and  transferred  to  the  dropping  funnel  while  warm,  the 
tr  blesome  formation  of  bubbles  in  the  capillary  tube  lead- 
n  rom  the  dropping  funnel  is  prevented  and  bumping  dur- 
n  distillation  is  reduced. 

large  the  50  cc.  distilling  flask  with  the  sample,  3  glass  beads, 
nam  of  acid-wrashed  and  ignited  quartz,  10  cc.  of  water,  5 
i  60  per  cent  perchloric  acid,  and,  if  the  sample  contains  5  y 
r °f  fluorine,  6  grams  of  sodium  perchlorate.  Heat  the  con- 
®  ?  of  the  distilling  flasK  to  140°  and  collect  150  cc.  of  distillate. 

I  temperature  of  distillation  and  volume  of  distillate  were 

II  'fished  by  experiment  as  optimal  for  quantitative  evolution 
1  lorine  and  minimal  distillation  of  perchloric  acid.  Maintain 
Q  receiver  contents,  during  their  collection,  just  alkaline  to 
L  olphthalein  with  dilute  sodium  hydroxide.  Evaporate  the 
e<  Yer  contents,  while  alkaline,  to  a  small  volume,  cool  the 
’•  i°n>  and  make  it  just  acid  to  the  indicator  with  hydrochloric 


Figure  1.  Titration  Curves  of  Fluorine  with  Thorium 

Nitrate 


acid.  If  the  sample  contains  5  7  or  more  of  fluorine,  dilute  the 
solution,  in  a  volumetric  flask,  to  10  cc.  If  the  sample  contains 
5  7  or  less  of  fluorine,  evaporate  the  receiver  contents  to  5  cc. 
and  take  the  aliquots  (1  cc.)  for  titration  by  weight. 

Transfer  four  1-cc.  aliquots  to  titration  vessels  provided 
with  a  small  glass  stirring  rod  and  add  to  each  one  drop  of  0.05  per 
cent  aqueous  solution  of  sodium  alizarin  sulfonate.  Add  split 
drops  of  dilute  (about  0.03  N )  hydrochloric  acid  until  the  transi¬ 
tion  color  of  the  indicator  appears  (light  orange  color).  Add  one 
drop  of  the  buffer  solution  and  titrate  with  0.0004  N  thorium 
nitrate  solution  (1  cc.  equals  7.3  7  of  fluorine).  Use  a  buret 
graduated  at  each  0.01  cc.  and  read  to  the  nearest  0.005  cc. 

Standardize  the  thorium  nitrate  solution  concurrently  by  titra¬ 
tion,  in  a  similar  manner,  of  1-cc.  volumes  of  standard  fluoride 
solutions  containing  1,  5,  and  10  7  of  fluorine.  The  end  point  of 
the  titrations  is  recognized  by  the  appearance  of  the  first  percep¬ 
tible  pink  color  of  the  thorium  lake  which  matches  the  color  of  a 
reference  solution.  Having  once  determined  the  volume  of 
thorium  nitrate  required  to  develop  a  satisfactory  color  in  the 
titration  of  5  7  of  fluorine,  add  this  amount  to  1  cc.  of  such  a 
solution  and  employ  the  color  of  resulting  solution  for  reference 
in  the  titration  of  the  unknowns  and  standards.  Determine  the 
titration  blank  by  substituting  the  results  of  titration  of  1  and 
10  7  of  fluorine  in  the  2-point  equation  for  a  straight  line. 

V  —  m  yi  —  yi 

X  —  Xl  Xl  —  X2 

and  calculate  the  y-intercept  or  titration  blank  (intersection  of 
the  ordinate  and  dotted  line,  Figure  1).  From  the  results  of 
titration  of  1,  5,  and  10  7  of  fluorine,  calculate  the  mean  equiva¬ 
lence  of  the  thorium  nitrate  solution. 

Accuracy  of  Results 

The  results  obtained  on  the  analysis  of  sodium  fluoride 
solutions  containing  2  to  25  y  of  fluorine  are  shown  in  Table  I. 
Each  result,  as  do  all  results  presented  in  this  paper,  repre¬ 
sents  a  separate  distillation  and  each  was  calculated  from 
the  mean  fluorine  content  of  four  aliquots. 


Table  I.  Analysis  of  Sodium  Fluoride 


Total 

Fluorine 

Fluorine 

Average 

Fluorine 

Average 

Present 

Found 

Found 

Error 

7 

7 

7 

% 

25 

24.8,  24.3,  24.9,  24.4,  24.6 

24.60 

-1.6 

10 

9.4,10.2,  9.8,10.2,10.0 

9.92 

-0.8 

5 

5.7,°  5.4,a  5. 15, a  5.3,a  4.85, 
5.1,  4.8,  5.1 

4.96 

-0.8 

2 

1.90,  2.06,  2.02,  1.86 

1.96 

-2.0 

Without  NaClO-i.  Not  included  in  mean. 
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Table  II.  Distillation  Blank  Determinations 


Fluorine 
Added  to 

Fluorine 

Average 

Fluorine 

Average 

Receiver 

Found 

Found 

Error 

y 

7 

7 

% 

25 

24.1,  24.8,  24.2,  23.9, 

25.1,  25.2 

24.5 

-2.0 

10 

9.60,  9.75 

9.67 

-3.3 

5 

5.5,°  5.4,a  5.5,o  5  2,  4.9 

5.05 

+  1.0 

2 

2.06,  1.94 

2.00 

0.0 

a  Without  NaCICh.  Not  included  in  average. 


Table  III.  Analysis  of  Phosphates 


Phosphate 


“Ca^PCW 
Ca(HiP04)i 
NaHiPCL 
Coned.  H3PO4 


Single 

distillation 

% 


Fluorine  Found - - 

Double  10  y  fluorine 
distillation  added  to  residue 

%  7 


0.631  0.615  10.3 

0.0131  0.0134  9.5 

0.0000 
0.0015 


That  the  accuracy  of  the  above  analyses  was  not  due  to 
balancing  errors  is  shown  by  the  results  in  Table  II,  in  which 
determinations  the  fluorine  was  not  distilled  but  added  di¬ 
rectly  to  the  receiver  contents.  In  this  manner  all  uncer¬ 
tainty  as  to  the  quantitative  evolution  and  collection  of 
fluorine  was  removed,  and  if  any  substance  had  been  col¬ 
lected  in  the  distillate  which  influenced  the  analyses  the  re¬ 
sults  would  have  departed  markedly  from  the  theoretical 
values. 

The  most  severe  test  of  the  effect  of  phosphate,  which  might 
be  expected  to  interfere  by  causing  high  results,  is  the  analysis 
for  fluorine  in  inorganic  phosphates.  In  Table  III  are  shown 
the  results  of  analysis  of  reagent  grade  materials. 

The  surprisingly  high  fluorine  content  of  the  calcium  phos¬ 
phates  was  shown  to  be  real  by  the  results  presented  under  the 
column  “double  distillation.”  The  receiver  contents  were 
concentrated,  while  alkaline,  and  the  fluorine  was  redistilled 
as  hydrofluosilicic  acid  in  the  usual  manner.  If  phosphate 
were'  collected  in  the  first  distillate,  the  amount  collected  in 
the  second  distillate  would  have  been  greatly  reduced  and 
the  apparent  fluorine  content  of  the  materials  by  double  dis¬ 
tillation  would  have  been  correspondingly  lower  than  by 
single  distillation.  The  data  in  the  last  column  were  ob¬ 
tained  on  the  distillation  of  and  analysis  for  10  7  of  fluorine 
added  to  the  residue  in  the  distilling  flask  after  volatilization 
and  collection  of  the  fluorine  originally  present  in  the  material. 
If  any  interfering  substance,  particularly  phosphate,  dis¬ 
tilled  in  any  event,  it  would  also  have  been  collected  when  the 
10  7  of  fluorine  were  volatilized  and  the  results  of  analysis  of 
the  receiver  contents  would  have  been  very  much  higher  than 
the  theoretical  quantity.  The  high  fluorine  content  of  the 
calcium  phosphates  is  probably  explained  by  the  insoluble 
nature  of  the  phosphates  and  of  calcium  fluoride.  The  “tri¬ 
calcium  phosphate”  is  at  least  partially  hydroxy-apatite  and 
the  fluorine  contained  in  this  material  is  probably  combined  as 
fluo-apatite.  Being  combined  in  insoluble  states,  the  fluorine 
was  thus  not  removed  from  the  calcium  phosphates  by 
washing  during  their  preparation. 

Further  proof  of  the  accuracy  of  the  method  is  afforded  by 
the  results  of  analysis  of  unashed  enamel  (0.7  per  cent  protein) 
and  dentine  (22  per  cent  protein)  of  the  same  teeth,  as  shown 
in  Tables  IV  and  V.  The  sample  weights  varied  from  45  to 
70  mg. 

The  results  of  the  multiple  distillation  determinations 
one  of  which  (Table  IV)  was  a  triple  distillation,  and  the 
above  considerations  in  regard  to  the  reduction  of  phos¬ 
phate  by  successive  distillations  again  show  that  phosphate, 
or  any  other  material  which  interferes  with  the  accuracy  of 
the  procedure,  is  not  collected  in  the  receiver.  The  recoveries 


of  10  7  of  fluorine  added  to  the  residue  in  the  distilling  flask 
after  distillation  of  the  fluorine  originally  present  in  the 
materials  are  further  proof  of  the  accuracy  of  the  results. 
An  indication  of  the  completeness  of  the  recovery  of  the 
fluorine  contained  in  the  substance  is  afforded  by  the  deter¬ 
minations  in  which  extra  fluorine  was  added  to  the  original 
enamel  or  dentine. 

The  lower  limit  of  quantity  of  fluorine  for  which  the  method 
is  applicable  has  not  been  determined  by  experiment.  Since 
the  aliquots  of  the  2  7  determinations  (Table  I)  contained 
0.4  7  of  fluorine,  the  lower  limit  seems  to  be  in  the  vicinity  of 
0.4  7.  The  difficulties  attendant  on  the  concentration  of  the 
distillate  to  1  or  2  cc.  have  discouraged  attempts  to  determine 
fluorine  in  a  total  amount  of  a  fractional  quantity  of  a  micro¬ 
gram. 

Elimination  of  Effect  of  Sodium  Chloride 

Any  chloride  in  the  sample  is  distilled  as  hydrogen  chlo¬ 
ride  and  in  the  preparation  of  the  distillate  for  analysis  is 
converted  to  sodium  chloride.  Hoskins  and  Ferris  reported 
the  permissible  upper  limit  of  sodium  chloride  to  be  slightly 
lower  than  0.1  M  in  the  titration  of  57  7  of  fluorine  in  50  cc.  of 
alcoholic  solution.  In  the  present  work  the  interfering  con¬ 
centration  of  sodium  chloride  in  the  titration  of  10  to  0.5  7 
of  fluorine  in  aqueous  or  alcoholic  solution  was  determined  to 
he  between  0.003  to  0.004  gram  per  1  cc.  Therefore,  if  the 
distillate  is  made  to  10  cc.,  the  sample  may  contain  as  much  as 
0.018  gram  of  chloride.  The  materials  whose  fluorine  con¬ 
tents  are  reported  above  contained  much  less  than  the  allow¬ 
able  quantity  of  chloride.  However,  many  substances,  es¬ 
pecially  biological  materials,  contain  large  amounts  of  this 
element.  The  accurate  fluorine  analysis  of  these  materials 
requires  the  removal  of  the  chloride  from  the  distillate.  The 
addition  of  an  amount  of  sodium  chloride  equal  to  that  con¬ 
tained  in  the  unknown  to  the  reference  solution  used  in  the 
titration  does  not  correct  the  error  in  the  determination  of 
microgram  quantities  of  fluorine  because  the  recognition  of 
the  end  point  is  difficult  in  the  presence  of  a  large  excess  of 
sodium  chloride.  Furthermore,  the  chloride  content  of  the 
distillate  must  be  determined  if  the  correct  amount  of  sodium 
chloride  is  to  be  added  to  the  reference  solution. 

Since  silver  fluoride  is  soluble,  the  possibility  of  removing 
chloride  from  the  distillate  as  the  silver  salt  followed  by  re- 


Table  IV.  Analysis  of  Sound  Human  Dental  Enamel 


Fluorine  Found 

Average 

Fluorine 

Found 

% 

% 

Single  distillation 

0.0163,  0.0154,  0.0164,  0.0160 

0.0160 

Single  distillation 

0.0157,  0.0162 

0.0160 

One  redistillation 

0.0153,  0.0155,  0.0158 

0.0155 

0.0163 

Two  redistillations 

0.0163 

Micrograms 

Micrograms 

10  7  F  added  to 
residue 

10.0,  10.6,  9.8 

10. 1 

5  7  F  added  to 
original  enamel 

4.7,  4.9 

4.8 

Table  V.  Analysis  of  Sound  Human  Dentine 

Average 

Fluorine 

Fluorine  Found  Found 

%  % 

Single  distillation  0 . 0200.  0 . 0208,  0 . 0204,  0 . 0207*  0 . 0204 

One  redistillation  0.0206  0.0206 


10  y  F  added  to 
residue 

10  -y  F  added  to 
original  dentine 


Micrograms 

9.8 

10.4 


yiicrograms 

9.8 

10.4 


a  With  NaC104. 
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distillation  of  the  fluorine  in  the  filtrate  was  apparent. 
Silver  nitrate  cannot  be  employed  as  the  precipitant,  since 
the  nitrate  which  replaces  the  chloride  is  volatilized  in  the 
second  distillation  and  introduces  as  large  an  error  in  the 
titration  of  fluorine  as  does  chloride.  The  use  of  silver  oxide 
is  not  practical  for  the  removal  of  large  amounts  of  chloride, 
since  silver  chloride  is  precipitated  only  on  the  surface  of  the 
particles.  Silver  perchlorate  was  found  to  be  the  ideal  pre¬ 
cipitant,  since  sodium  perchlorate  is  formed  in  an  amount 
equivalent  to  the  sodium  chloride  contained  in  the  solution. 
It  was  shown  above  that  the  presence  of  sodium  perchlorate 
in  the  distilling  flask  is  advantageous  since  it  reduces  the 
amount  of  perchloric  acid  volatilized.  The  second  distillates, 
on  acidification  to  phenolphthalein,  were  found,  in  many  in¬ 
stances,  to  possess  a  slight  color  which  caused  low  results  in 
the  titration  of  the  fluorine  in  the  aliquots.  No  procedure 
was  discovered  whereby  the  production  of  the  color  could  be 
prevented,  nor  has  its  source  been  entirely  identified.  How¬ 
ever,  the  color  can  be  removed  with  activated  charcoal,  thus 
permitting  the  accurate  titration  of  the  solution  for  fluorine. 

If  the  sample  is  soluble,  dissolve  it  in  150  cc.  of  water  and  pre¬ 
cipitate  the  chloride  as  described  below.  Perform  the  first  dis¬ 
tillation  of  solids  as  described  above,  omitting  phenolphthalein 
from  the  receiver  contents.  Maintain  the  receiver  contents 
alkaline  to  phenolphthalein  paper  with  1  N  sodium  hydroxide. 
Since  the  greater  part  of  the  hydrogen  chloride  is  evolved  when 
the  flask  contents  have  boiled  at  140°  C.  for  5  minutes,  use  0.1  A 
sodium  hydroxide  during  the  last  half  of  the  distillation.  Make 
the  distillate  acid  with  dilute  perchloric  acid  and  add,  with  con¬ 
stant  stirring,  silver  perchlorate  solution  until  the  silver  chloride 
coagulates.  Continue  the  addition  of  silver  perchlorate  in  0.1-cc. 
increments  until  a  drop  of  the  solution  produces  a  red  color  on 
filter  paper  which  has  been  impregnated  with  5  per  cent  potas¬ 
sium  chromate.  Make  the  solution  alkaline  to  phenolphthalein 
paper  and  heat  it  to  boiling  to  promote  coagulation  of  the  pre¬ 
cipitate.  After  cooling  the  solution,  filter  it  through  retentive 
paper.  All  operations  during  the  precipitation  of  the  silver 
chloride  should  be  carried  out  in  subdued  light. 

Evaporate  the  filtrate  to  about  10  cc.  and  filter  off  any  silver 
oxide  which  may  have  formed  during  the  concentration.  Evapo¬ 
rate  the  filtrate  to  about  5  cc.  and  transfer  it  to  the  distilling 


flask  together  with  4  to  6  grams  of  sodium  perchlorate.  Perform 
the  second  distillation  in  the  usual  manner  and  maintain  the 
receiver  contents  alkaline  to  phenolphthalein.  Evaporate  the 
distillate  to  a  small  volume,  make  it  acid  to  the  indicator,  and 
dilute  the  solution  to  the  optimal  volume.  Add  0.25  gram  of 
activated  charcoal  per  10  cc.  of  solution  and  shake  the  flask  for 
about  3  minutes.  Filter  the  solution,  using  dry  apparatus, 
and  titrate  1-cc.  aliquots  of  the  filtrate  in  the  usual  manner. 

Table  VI.  Determination  of  10  Micrograms  of  Fluorine 
in  Presence  of  One  Gram  Sodium  Chloride 


Fluorine  Found 

Fluorine  Found 

Undecolorized 

Decolorized 

Undecolorized 

Decolorized 

y 

y 

7 

y 

9 . 0“ 

9.7“ 

9. 2a.  b 

9.3“ 

10.1“ 

8.8 

8.9 

9.8 

9.4 

9.3 

10.2 

9.0 

9.0 

9.7 

9.2 

9.7 

9.3 

9.8 

9.0 

10.3 

9.2a.b 

Average  9 . 1 

9.9 

Av.  error,  %  9.0 

1.0 

First  distillation  omitted. 

6  Blank.  Fluorine  added  to  distillate. 

The  results  shown  in  Table  VI  were  obtained  when  the 
determinations  were  begun  in  the  presence  of  1  gram  of  sodium 
chloride.  Two  determinations  of  the  fluorine  content  of  the 
pooled  human  dental  enamel  mixed  with  1  gram  of  salt 
showed  the  enamel  to  contain  0.0162  and  0.0155  per  cent  of 
fluorine.  Titration  of  the  undecolorized  distillate  indicated 
only  0.0151  and  0.0137  per  cent  of  fluorine.  The  calculated 
amount  of  fluorine  in  the  first  sample,  on  a  basis  of  0.0160 
per  cent  of  fluorine  as  previously  determined,  was  8.4  y  and 
8.1  y  in  the  second. 
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A  Sensitive  Thermoregulator 

LYLE  D.  GOODHUE,  Bureau  of  Entomology  and  Plant  Quarantine,  Department  of  Agriculture,  Beltsville,  Md. 


THIS  regulator  is  a  modification  of  the  type  that  depends 
on  the  change  in  vapor  pressure  of  a  volatile  liquid  with 
change  in  temperature.  It  is  constructed  in  such  a  way  that 
no  seals  are  required  for  the  electrical  leads  and  no  contact 
points  are  present  to  corrode,  and,  finally,  is  made  extremely 
sensitive  by  employing  the  principle  of  the  differential 
manometer.  Since  the  capacity  of  the  regulator  is  large 
and  the  electrical  circuit  is  broken  with  a  rise  in  temperature, 
no  relay  is  needed.  It  can  be  used  directly  on  a  110- volt  line 
for  currents  up  to  2  amperes. 

The  diagram  shows  the  construction  of  the  regulator.  The 
tubes,  A  and  A',  are  made  large  (10  mm.)  compared  with  the 
heavy-walled  tube  (3  mm.)  at  P  where  contact  is  made.  The 
bulb,  B,  should  not  be  less  than  3  cm.  in  diameter.  The  total 
ength  of  the  apparatus  is  about  20  cm. 

For  temperatures  between  15°  and  40°  C.,  the  apparatus  is 
completely  filled  with  isopentane,  and  some  inert  gas,  such  as 
litrogen,  hydrogen,  or  butane,  is  introduced  through  a  capillary 
mtil  half  the  isopentane  in  the  bulb  is  displaced.  Mercury  is 

I  loured  into  the  arms  until  it  stands  about  10  cm.  high.  The 
iulb  is  gently  warmed  and  pentane  is  then  expelled  until  the 
wo  mercury  columns  meet  at  P,  when  the  regulator  is  cooled 
i  o  approximately  the  temperature  of  operation.  Further  adjust- 
nent  may  be  made  by  adding  or  removing  small  amounts  of  mer- 
ury.  It  is  convenient  to  use  a  small  plunger  fitted  through  a 
mall  stopper  in  the  end  of  one  arm  for  the  fine  adjustment. 


The  current  is  conducted  to  the  mer¬ 
cury  through  No.  18  Nichrome  wire.  A 
1 -microfarad  condenser  is  connected  across 
these  leads  to  prevent  arcking  and  the 
formation  of  colloidal  mercury. 

The  sensitivity  of  the  regulator  de¬ 
pends  on  the  angle  at  which  the  two 
mercury  columns  meet  at  P.  A  range  of 
0.05°  C.  is  sufficient  to  make  and  break 
the  contact  in  the  regulator  in  use  in  this 
laboratory. 

All  regulators  of  this  type  are  sub¬ 
ject  to  fluctuations  in  barometric  pres¬ 
sure.  This  could  be  eliminated  by  using 
ground-glass  stoppers  in  tubes  A  and  A 
but  it  would  complicate  the  apparatus 
and  require  sealed-in  leads.  The  tem¬ 
perature  of  the  bath  being  regulated  does 
not  usually  vary  more  than  ±0.2°  C.  from 
this  cause  and  can  easily  be  adjusted  be¬ 
fore  beginning  an  experiment. 


Received  June  17,  1936. 


Fat-Extraction  Apparatus  for  Feeds 

CHAS.  E.  WEAKLEY,  JR.,  West  Virginia  Agricultural  Experiment  Station,  Morgantown,  W.  Va. 


THE  ordinary  Soxhlet  extraction  apparatus  is  not  only 
fragile  but  requires  a  large  amount  of  space,  especially 
where  large  batteries  are  necessary  as  in  feed  control  work. 

Figure  1  shows  a  compact,  rugged,  and  easily  operated  unit 
which  has  been  in  successful  use  in  this  laboratory.  It  is 
very  economical  of  solvent,  requiring  0.2  kg.  (0.5  pound)  of 
ether  for  twenty  determinations  if  no  recovery  is  made. 


Figure  1.  Fat-Extraction  Apparatus 

This  unit  consists  of  twenty  large  test  tubes  with  an  inside 
diameter  of  35.5  =*=  0.5  mm.,  and  a  length  of  280  mm.  each. 
Metallic  zinc  dust,  wrapped  securely  in  tin  foil,  is  placed  in  the 
bottom  of  each  tube  to  make  the  heat  transfer  more  efficient  and 
to  eliminate  the  possibility  of  breakage  when  the  fat  container 
is  placed  in  position.  The  condensers  consist  of  test  tubes  with 
an  outside  diameter  of  31.25  =*=  0.25  mm.  and  a  length  of  115  mm. 
each.  A  short  collar  of  32-mm.  heavy-wall  rubber  tubing  supports 
the  smaller  test  tube  on  the  top  of  the  larger  one  and  a  strip  of 
tightly  wound  flannel  about  25  mm.  wide,  just  below  the  rubber 
ring,  centers  the  condenser  tube  and  aids  in  the  complete  con¬ 
densation  of  the  ether.  Several  layers  of  flannel  strip  are 
wrapped  to  such  a  thickness  that  the  inner  tube  fits  snugly  into 
the  outer  one.  . 

The  outer  tubes  are  heated  in  a  copper  water  bath  having 
twenty  cups  for  the  tubes  and  a  copper  tube  condenser  on  each 


Figure  2.  Detail  of  Apparatus 
(All  dimensions  in  millimeters) 


end  to  keep  the  water  level  constant.  The  copper  bath  is  covered 
with  6-mm.  (0.25-inch)  hard  asbestos  board  supported  on  a  25- 
mm.  (1-inch)  wood  frame,  leaving  a  25-mm.  (1-inch)  air  space 
between  the  bath  and  the  asbestos  board  cover,  except  on  the  top. 
Figure  2  shows  one  end  of  the  setup  in  detail.  The  bath  is 
heated  by  a  500-watt  tubular,  immersion  water  heater,  and  the 
temperature  is  controlled  by  a  25-cm.  (10-inch)  plate-type  rheo¬ 
stat,  having  twenty-eight  regulatory  steps  from  150  to  500  watts. 
The  length  of  the  asbestos-covered  bath  is  150  cm.  (59  inches) 
with  a  front-to-rear  depth  of  26.5  cm.  (10.5  inches),  this  depth 
being  required  for  the  rubber  tubes  which  connect  the  condens¬ 
ers.  Five  ether  condensers  are  cooled  with  one  stream  of  water, 
making  it  necessary  to  have  four  water  outlets,  with  needle  valves, 
across  the  rear  of  the  top  shelf.  The  two  waste  overflows  empty 
into  drains  at  each  end  in  such  a  way  that  the  amount  of  water 
being  discharged  can  be  seen  and  the  needle  valves  can  be  ad¬ 
justed  properly. 

A  constricted  lipped  container  (length  85  mm.,  outside  diameter 
28  mm.)  holds  the  ether  and  collects  the  fat.  A  funnel-top  filter 
tube,  100  mm.  long,  rests  on  the  top  of  the  constricted  fat  con¬ 
tainer  and  is  held  upright  by  the  funnel  top.  This  filter  tube 
holds  the  sample  of  feed  and  is  made  up  as  follows:  A  cupped 
perforated  tin  disk  is  placed  in  the  bottom  beneath  a  10-mm. 
asbestos  (acid-  and  alkali-washed  and  ignited)  pad  on  which 


Figure  3.  Accessories 


->■  ..  : 


the  feed  is  placed  and  then  covered  with  a  thin  layer  of  asbestos 
(this  asbestos  layer  together  with  a  small  amount  of  the  bottom 
pad  is  removed  with  the  feed  for  the  crude  fiber  determination). 
A  metal  cup,  made  from  a  short  piece  of  13-mm.  (0.5-inch) 
block  tin  pipe  by  soldering  in  a  perforated  bottom,  rests  on  the 
asbestos  layer.  This  holds  the  contents  of  the  feed  tube  together, 
distributes  the  ether  drip,  and  keeps  the  feed  from  raising  up  and 
channeling. 


Table  I.  Collaborative  Results 
, - Ether  Extract - 


West  Virginia 

Average  results 

results 

of  53  laboratories 

% 

% 

1.52 

1.49 

6.17 

6.29 

2.73 

2.72 

3.20 

3.26 

5.11 

5.26 

3.10 

3.19 

4.12 

4.15 

6.55 

6.46 

3.12 

3.17 

3.46 

3.48 

Av.  3.91 

3.95 

The  results  obtained  by  the  use  of  this  apparatus  have  been 
found  to  check  those  obtained  by  the  use  of  the  Soxhlet  ap¬ 
paratus.  Table  I  gives  the  results  from  53  feed  laboratories 
on  check  samples  sent  out  by  the  Department  of  Agriculture 
in  comparison  with  those  obtained  with  this  apparatus.  The 
results  show  close  agreement. 

Figure  3  shows  the  accessories  necessary  for  the  operation 
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of  the  apparatus :  a  pair  of  straight-end  tongs  to  remove  and 
replace  the  metal  cup,  feed  funnel,  and  fat  flask;  a  straight 
funnel  tube  to  add  ether;  an  ether  bottle  with  constricted 
tip  for  washing;  a  tin  container  with  twenty  places  for  the 
feed  funnels,  of  such  size  as  to  fit  a  high-form  20.4-cm.  (8- 


inch)  desiccator;  and  a  tin  container  with  twenty  places  for 
the  fat  flasks,  of  such  size  as  to  fit  a  20.4-cm.  (8-inch)  desic¬ 
cator. 

Received  May  21,  1936.  Published  with  the  approval  of  the  Director, 
West  Virginia  Agricultural  Experiment  Station,  as  Scientific  Paper  167 


Lignin  in  Douglas  Fir 

The  Pentosan  Content  of  the  Middle  Lamella 

A.  J.  BAILEY,1  College  of  Forestry,  University  of  Washington,  Seattle,  Wash. 


IN  AN  EARLIER  communication  ( 1 )  a  method  of  isolating 
the  middle  lamella  of  wood  was  described.  The  isolated 
naterial  was  subsequently  analyzed  for  lignin  by  a  micro- 
nethod  (2)  developed  for  the  purpose.  The  present  report 
describes  the  analysis  of  another  sample  of  middle  lamella, 
vhich  was  isolated  by  the  same  method,  in  order  to  establish 
urther  the  composition  of  the  lamella  by  the  identification 
4  at  least  a  portion  of  the  unknown  29  per  cent.  As  was 
lointed  out  earlier  (I),  several  investigators  produced  evidence 
adicative  of  the  presence  of  hemicelluloses  in  the  middle 
imella. 

Methods  of  Hemicellulose  Analysis 

I  An  inquiry  into  the  prior  work  on  hemicelluloses  brought 
o  light  such  an  overwhelming  mass  of  incomplete,  con- 
radictory,  and  apparently  inaccurate  information  that  there 
>  little  wonder  that  the  nomenclature  is  so  unsatisfactory.  A 
rief  but  reasonably  complete  bibliography  (3,  9-1 1,  17, 
0-23,  27,  34-)  on  hemicelluloses,  including  recent  excellent 
5 views,  offers  a  summary  of  present  knowledge;  hence  it 
i  unnecessary  to  epitomize  the  experimental  work  or  to 
ike  up  in  detail  the  viewpoints  of  the  various  investigators, 
aasmuch  as  the  estimation  of  the  hemicelluloses — rather 
ran  their  constitution — was  the  primary  consideration,  only 
re  analytical  methods  need  discussion  here. 

Unfortunately,  there  is  no  method  of  making  a  complete 
nalysis  of  hemicelluloses  in  a  single  sample.  It  is  even  im- 
ossible  to  define  hemicelluloses  in  a  way  that  has  analytical 
gnificance.  Supposedly,  they  are  anhydrides  of  hexose  and 
entose  sugars  which  are  soluble  in  dilute  alkalies  and  which 
re  less  resistant  to  hydrolysis  by  dilute  acids  than  the  re- 
lainder  of  the  plant  tissue.  It  is  well  known  that  these 
roperties  do  not  furnish  a  means  of  sharp  distinction.  There 
no  known  method  of  determining  the  total  hemicelluloses 
r  the  total  hexoses  in  a  single  sample.  Pentoses  are  usually 
Aermined  by  conversion  to  furfural,  which  may  be  estimated 
y  oxidation  or  precipitation  methods.  Hexoses  are  usually 
stermined  by  oxidation  of  the  sugar  or  by  conversion  to 
le  phenyl  hydrazone  or  osazone  (3, 18, 19, 30, 33-35).  While 
ire  carbohydrates  can  be  characterized  fairly  easily,  their 
entification  or  quantitative  separation  from  mixtures  is 
irceedingly  difficult. 

An  attempt  to  determine  the  total  hemicelluloses  was  made 
y  extracting  a  sample  of  wood  with  hot  water,  and  then 
jibjecting  the  residual  wood  to  hydrolysis.  The  hot-water 
tractive  of  oven-dry  Douglas  fir  ( Pseudotsuga  taxifolia ) 
>wder  which  had  been  put  through  a  100-mesh  screen  was 
>.68  per  cent;  the  subsequent  loss  in  this  sample,  based  on 
ie  original  oven-dry  weight  of  the  wood,  due  to  hydrolysis 
J  2  per  cent  sulfuric  acid  was  15.99  per  cent;  the  loss  in 
lextracted  wood  when  refluxed  with  2  per  cent  sulfuric  acid 
as  27.15  per  cent.  On  the  basis  of  Schorger’s  definition, 

1  Present  address, institute  of  Paper  Chemistry,  Appleton,  Wis. 


that  hemicelluloses  are  insoluble  in  hot  water  but  are  hydro¬ 
lyzed  by  heating  with  dilute  acids  at  atmospheric  pressure  (28) , 
it  would  seem  that  the  total  hemicelluloses  in  Douglas  fir 
constitute  16  per  cent  of  the  wood.  That  this  is  not  accurate 
is  shown  by  the  fact  that  the  extractive  plus  the  loss  by 
hydrolysis  is  greater  than  the  loss  by  hydrolysis  of  the  un¬ 
extracted  wood.  In  other  words,  the  hot  water  alone  either 
extracts  some  hemicelluloses  or  changes  some  constituents 
so  that  they  are  soluble  in  the  dilute  acid. 

Further  evidence  that  hemicelluloses  are  removed  by  hot 
water  alone  was  found  by  an  examination  of  the  hot-water 
extractive.  Treatment  with  phenylhydrazine  and  acetic 
acid  in  the  cold  yielded  no  mannose  phenylhydrazone.  When 
the  hot  water  extract,  however,  was  made  up  to  a  concentra¬ 
tion  of  5  per  cent  with  hydrochloric  acid,  hydrolyzed,  neutral¬ 
ized,  and  treated  with  phenylhydrazine  and  acetic  acid  in 
the  cold,  a  small  quantity  of  mannose  phenylhydrazone  was 
formed,  together  with  a  large  quantity  of  an  as  yet  unidenti¬ 
fied  compound  with  a  melting  point  of  235°  C.  Hence,  it 
may  be  concluded  that  mannan  in  Douglas  fir  is  soluble  in 
hot  water  but  is  not  hydrolyzed  by  it.  The  total  mannan  by 
Schorger’s  method  (12,  29)  was  found  to  be  5.33  per  cent 
(Schorger  found  6.65  per  cent).  After  filtering  off  the  man¬ 
nose  phenylhydrazone  and  other  material  from  the  hydroly- 
zate,  heating  in  the  presence  of  an  excess  of  phenylhydrazine 
yielded  the  brownish  yellow  oily  drops  of  the  osazone  of 
arabinose,  phenylglucosazone,  and  another  crystalline  solid. 
When  the  hot-water  extract,  with  no  prior  treatment,  was 
made  up  to  a  concentration  of  12  per  cent  with  hydrochloric 
acid  and  distilled,  the  addition  of  thiobarbituric  acid  solution 
to  the  distillate  produced  furfuralmalonylthiourea.  This  fact 
extends  earlier  knowledge  of  the  resistance  of  pentosans  to 
hydrolysis  to  include  not  only  those  that  occur  in  purified 
cellulose  or  those  that  are  readily  hydrolyzed  by  dilute 
acids,  but  also  to  those  which  are  removed  by  hot  water. 
In  other  words,  hot-water  extraction  alone  removes  at  least 
three  hemicelluloses  and  other  carbohydrates. 

Likewise,  there  seems  to  be  no  way  of  determining  the 
hexose  hemicelluloses  in  a  group  in  a  single  sample.  Pentose 
hemicelluloses,  however,  can  be  distinguished  easily  from 
hexoses.  Since  the  existing  knowledge  of  hemicellulose 
chemistry  was  insufficient  to  permit  an  even  reasonably 
complete  determination,  it  was  necessary  to  attempt  to  ascer¬ 
tain  the  hemicellulose  most  likely  to  occur  in  the  middle 
lamella.  Prior  work  pointed  the  way:  Ritter  and  Fleck  (25) 
found  that  the  pentosan  content  of  springwood  was  greater 
than  that  of  summerwood.  It  was  suspected  that  the  higher 
volumetric  fraction  of  lamella  in  the  springwood  was  re¬ 
sponsible.  Other  speculations  (16),  many  of  a  teleological 
nature,  however,  had  been  voiced,  showing  the  mechanism 
of  chemical  metamorphosis  from  pentoses  to  lignin,  hence 
the  possibility  of  a  close  relation  between  pentosans  and  the 
middle  lamella. 
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Since  it  was  found  earlier  that  the  lignin  content  was 
higher  in  the  springwood  than  in  the  total  wood  and  even 
higher  in  the  wood  rays  (I),  check  analyses  were  carried  out, 
by  a  method  described  below,  on  ray  tissue  isolated  by  the 
micromanipulator  to  learn  if  this  same  pentosan-lignin  as¬ 
sociation  obtained.  The  pentosan  content  of  the  rays  was 
found  to  be  about  6.6  per  cent,  as  compared  to  about  5.5 
per  cent  for  the  total  wood,  or  in  linear  relation  to  the  lignin 
content.  Accordingly,  it  appeared  probable  that  the  pentose 
hemicelluloses  should  constitute  at  least  an  important  frac¬ 
tion  of  the  total  hemicelluloses  and  that  their  close  and 
constant  association  with  tissue  which  had  both  a  high  lignin 
content  and  a  high  volumetric  fraction  of  middle  lamella 
should  assure  their  presence  in  the  middle  lamella  in  signifi¬ 
cant  quantities. 

Determination  of  Pentosans 

The  determination  of  pentosans,  for  practical  purposes, 
may  be  said  to  depend  upon  their  conversion  to  furfural  or 
methylfurfural,  as  the  case  may  be,  by  distilling  with  a  mineral 
acid  of  proper  concentration  and  subsequent  determination 
of  the  furfural  by  oxidation,  precipitation  by  various  reagents, 
by  colorimetric  means,  or  by  other  methods  (23,  26).  While 
the  common  method  of  determining  pentosans  consists  of 
a  strictly  standard  distillation  and  precipitation  with  phloro- 
glucinol,  many  objectionable  features  are  apparent.  The 
distillation  itself  is  not  quantitative  (7),  while  some  furfural 
is  destroyed  by  the  high  acid  concentration  during  the  latter 
part  of  the  distillation  (8).  Furthermore,  precipitation  by 
phloroglucinol  is  not  quantitative  (8),  necessitating  a  cor¬ 
rection  factor,  while  hydroxymethylfurfural,  which  is  of  hexose 
origin,  is  precipitated  in  small  yield  (24).  The  phloroglucide 
of  furfural  is  not  a  compound  of  definite  composition,  varying 
with  the  temperature  at  which  it  is  precipitated  (32). 

Virtually  all  objections  may  be  overcome  by  proper  modi¬ 
fications.  By  using  the  exceedingly  accurate  method  of 
distillation  with  steam,  first  proposed  by  Jolles  (15)  and 
later  modified  by  Pervier  and  Gortner  (23),  quantitative 
yields  have  been  obtained  from  pure  pentose  materials  (23). 
The  accuracy  seems  to  be  due  to  the  furfural’s  being  swept 
out  by  the  steam  and  to  the  constancy  of  acid  concentration 
preventing  destruction  of  the  furfural.  While  many  pre- 
cipitants  other  than  phloroglucinol  have  been  used,  only  two 
merit  attention.  Barbituric  acid  was  found  to  give  nearly 
quantitative  yields  as  a  precipitant  for  furfural  without 
precipitating  hydroxymethylfurfural  (7,  24,  31).  Dox  and 
Plaisance  (4)  found  that  thiobarbituric  acid  gave  quantitative 
or  slightly  better  yields,  that  only  a  slight  excess  of  the  pre¬ 
cipitant  was  necessary  thus  avoiding  the  danger  of  inclusion, 
that  it  was  very  sensitive  to  exceedingly  small  amounts  of 
furfural,  and  that  the  precipitate  was  a  compound  of  definite 
and  uniform  composition— namely,  furfuralmalonylthiourea. 
Other  investigators  found  that  thiobarbituric  acid  pre¬ 
cipitates  both  furfural  and  methylfurfural  quantitatively  and 
that  while  it  reacts  with  hydroxymethylfurfural,  the  resulting 
product  is  soluble,  coloring  the  solution,  but  not  interfering 
with  the  determination  of  pentoses  (5,  31).  The  superiority  of 
thiobarbituric  acid  over  phloroglucinol  has  been  verified  by 
the  researches  of  other  workers  (24,  36).  It  appeared,  there¬ 
fore,  that  the  most  promising  method  for  the  determination 
of  pentoses  in  microquantities  was  to  reduce  the  method  of 
steam  distillation  of  Pervier  and  Gortner  and  to  use  thiobar¬ 
bituric  acid  as  the  precipitant. 

Procedure.  On  a  macrobasis  high  precision  was  obtained 
on  samples  of  100-mesh  (rasped  and  passed  through  a  100- 
mesh  screen)  oven-dry  wood  ranging  in  size  from  0.1  to  3.0 
grams.  One  modification  of  the  Pervier  and  Gortner  method 
increased  the  precision  and  shortened  the  time — viz.,  the 


substitution  of  a  125-ml.  flask  for  the  750-ml.  distilling  flask 
and  the  addition  of  50  ml.  of  12  per  cent  hydrochloric  acid 
instead  of  200  ml.  The  increase  in  precision  was  presumably 
due  to  better  contact  of  steam  and  furfural.  In  distilling,  a 
moderate  stream  of  steam  was  passed  in  at  a  constant  rate 
throughout  the  distillation  and  the  temperature,  as  measured 
by  a  thermometer  in  the  vapor  in  the  neck  of  the  flask,  was 
maintained  between  103°  and  105°  C.  by  boosting  the  distill¬ 
ing  flask  with  a  burner.  Distillation  was  continued  until  a 
small  sample  of  the  distillate  in  thiobarbituric  acid  solution 
gave  no  precipitate  or  turbidity  after  standing  5  minutes. 
The  value  of  aniline  acetate  paper  (or  hydrochloride)  as  an 
indicator,  while  entirely  satisfactory  on  pure  pentose  material, 
was  found  to  be  worthless  on  wood,  since  the  hydroxymethyl¬ 
furfural  from  the  cellulose,  etc.  (13,  14),  reacted  with  the 
thiobarbituric  acid  as  Unger  and  Jager  pointed  out  (31), 
giving  a  colored  compound  which  was  also  found  to  be  the 
case  with  both  the  papers  and  solutions  of  aniline  salts.  In 
thiobarbituric  acid  solution,  however,  the  difference  between 
a  color  and  turbidity  could  be  easily  detected,  thus  providing  a 
simple  and  accurate  means  for  determining  the  end  of  the  dis¬ 
tillation.  Pervier  and  Gortner  found  their  method  of  distilla¬ 
tion  to  give  theoretical  yields  of  all  pure  pentose  materials. 

Thiobarbituric  acid  was  obtained  from  the  Eastman  Kodak 
Company  and  was  prepared  by  the  method  of  Gabriel  and 
Coleman  (6).  Both  gave  satisfactory  results.  The  furfural 
was  precipitated  from  the  distillate  by  adding  a  slight  excess 
of  thiobarbituric  acid  in  12  per  cent  hydrochloric  acid  at  room 
temperature  and  allowing  to  stand  overnight.  The  lemon- 
yellow  compound  formed  was  filtered  on  a  tared  Gooch  cru¬ 
cible,  dried  at  105°,  and  weighed  as  furfuralmalonylthiourea: 

CH - CH  CO— NH 

ch  i— c=c  is 

io— NH 

which  is  uniform  and  constant  in  composition  (4).  Values 
obtained  in  the  presence  of  methylfurfural  are  only  very 
slightly  in  error,  because  the  molecular  weight  of  the  residue 
is  between  furfural  and  methylfurfural.  Calculations  were 
based  upon  the  following  relations : 

Pentosan - >  furfural  +  2  H2O 

,  .  .  .  ,  furfural  +  2  H20  „ 

Weight  of  furfural  =  furfuralmaionyithi0urea  "  59  6 

Microdetermination  of  Pentosans 

A  micro  procedure  was  developed  which  is  as  follows: 

A  6-ml.  flask  was  blown  from  tubing  having  an  inside  diameter 
of  9  mm.,  and  a  long  side  tube  was  sealed  on  the  neck  of  the  flask. 
A  tube  larger  than  the  side  tube  was  fitted  with  two  side  tubes ■■ 
to  form  the  outer  condenser  shell,  and  slipped  sleevewise  over  the 
long  side  tube  of  the  flask,  which  formed  the  inner  condenser 
shell.  The  ends  of  the  outer  tube  were  then  made  tight  with 
rubber  tubing,  thus  providing  a  means  of  condensation  in  the 
side  tube  of  the  flask  and  eliminating  all  joints  from  the  system. 
Another  flask  of  the  same  size  was  blown  for  the  steam  generator ' 
and  connected  to  the  distilling  flask  by  small-bore  tubing.  A 
microthermometer  was  made  by  blowing  a  bulb  on  a  capillary 
tube,  filling  it  with  an  alcoholic  solution  of  safranin,  and  sealing. 
It  was  calibrated  in  a  thermostat  at  103°  and  105°  C.  . 

The  distillation  was  conducted  in  the  same  manner  as  in  the 
macroprocedure,  samples  in  each  case  being  introduced  into  the 
flask  in  small  glass  boats  and  the  flask  being  filled  half  full  (50  ml 
in  the  macro-  and  3  ml.  in  the  microprocedure)  of  12  per  cent 
hydrochloric  acid.  In  the  microprocedure  the  boat  was  first 
dried  at  105°,  cooled  in  a  desiccator,  then  placed  in  a  weighing 
bottle  kept  in  the  balance  case,  and  weighed.  This  process  was 
repeated  with  a  sample  in  the  boat  in  order  to  obtain  identica 
anhydrous  surface  conditions  on  the  glass  boat  without  error  dut 
to  hygroscopicity.  The  same  technic  was  used  in  weighing  th< 
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micro-Gooch  crucible.  Samples  of  approximately  3  mg.  of  wood 
were  used  in  the  microprocedure. 

Results  of  Pentosan  Analyses 

Table  I  summarizes  the  results  of  analyses  by  macro-  and 
microprocedures.  The  analysis  of  a  single  sample  of  the 
middle  lamella  weighing  1.127  mg.  showed  a  pentosan  (in¬ 
cluding  methylpentosan)  content  of  14.21  per  cent.  Subse¬ 
quent  filtration  and  chlorination  of  the  residue  showed  a 
cellulose  content  of  4.1  per  cent. 


Table  I. 

Pentosan  Content  of  Douglas  Fie 

Aa 

b& 

C' 

D  d 

4.53 

5.38 

5.46 

6.61 

4.69 

5.53 

5.62 

6.45 

4.53 

5.43 

5 . 54 

6.78 

4.61 

5.41 

5.35 

6.71 

4.58 

5.49 

5.41 

6.49 

4.65 

5.46 

5.50 

6.58 

Ay.  4.60 

5.45 

5.48 

6.60 

a  A,  total  wood  sawdust  by  macroprocedure. 
b  B,  100-mesh  total  wood  by  macroprocedure. 
c  C,  100-mesh  total  wood  by  microprocedure. 
d  D,  ray  tissue  by  microprocedure. 


Significance  of  Pentosan  Analyses 

The  difference  between  sawdust  and  100-mesh  wood  is 
typical  of  many  wood  analyses,  the  results  depending  upon 
the  degree  of  subdivision  of  the  sample.  The  precision  of  the 
micromethod  shown  in  C  and  D,  Table  I,  probably  obtained 
in  the  analysis  of  the  middle  lamella,  as  the  quantity  of 
furfuralmalonylthiourea  obtained  was  approximately  the  same 
in  each  case.  Ritter  and  Fleck  {25)  showed  both  the  lignin 
and  pentosan  content  of  springwood  to  be  about  10  per  cent 
greater  than  in  the  summerwood.  It  has  been  shown  above 
that  both  the  lignin  and  pentosan  content  of  the  rays  were 
about  20  per  cent  greater  than  in  the  total  wood,  and  by 
analysis  of  the  middle  lamella  that  the  lignin  and  pentosan 
content  in  the  latter  tissue  was  215  and  260  per  cent  greater, 
respectively,  than  in  the  total  wood.  While  this  clear-cut 
relation  between  lignin  and  pentosan  content  and  their 
constant  association  may  be  entirely  accidental,  it  is  equally 
possible  that  these  data  point  to  the  origin  of  lignin.  Schorger 
{12,  29)  and  Ritter  and  Fleck  {25)  found  the  pentosan  content 
of  Douglas  fir  to  be  nearly  double  that  found  above  for  the 
total  wood.  While  their  results  are  in  good  agreement  with 
each  other,  the  phloroglucinol  method  which  was  employed 
to  obtain  these  results  has  been  shown  to  be  greatly  in  error  by 
Gierisch  (7,  8),  Heuser  and  Stockigt  {14),  Pervier  and  Gort- 
ner  {23),  Peter,  Thaler,  and  Taufel  {24),  Unger  and  Jager 
{31),  and  Votocek  {32). 

Summary  of  Middle  Lamella  Composition 

The  small  quantity  of  cellulose  present  in  the  isolated 
sample  of  middle  lamella  affords  an  accurate  index  of  the 
extraneous  material  which  was  unavoidably  included  in  the 
isolation.  The  composition  of  the  middle  lamella  may  be 
summarized  as  follows:  lignin  71  per  cent,  pentosans  14 
per  cent,  unknown  15  per  cent.  The  4  per  cent  of  cellulose 
in  the  isolated  sample  probably  should  be  regarded  as  the 
error  in  isolation.  If  this  be  done,  the  values  for  lignin  and 
pentosan  are  slightly  low.  There  is  no  reason  to  believe  that 
the  composition  of  the  middle  lamella  is  uniform  in  different 
species  and  genera  or  even  in  the  same  species.  The  associa¬ 
tion  of  lignin  and  pentosans  in  nearly  direct  relation  suggests, 
but  offers  little  conclusive  evidence,  that  pentoses  antecede 
lignin.  Such  association  is  difficult  to  interpret  on  the  basis 
of  present  knowledge  of  wood  chemistry.  The  fact  that 
pentosans  may  be  present  in  the  middle  lamella  necessitates 
modifications  in  present  opinions  of  both  chemical  and  botani¬ 


cal  investigators  as  to  the  cause  and  significance  of  solubility 
and  staining  reactions  of  the  middle  lamella.  It  appears  that 
the  major  contribution  of  these  findings,  at  the  moment, 
has  fundamental  rather  than  practical  importance. 

Summary 

This  paper  describes  a  continuation  of  the  analysis  of  the 
middle  lamella  which  was  isolated  mechanically  by  a  micro¬ 
manipulator  in  order  to  determine  the  pentosan  content  of 
the  middle  lamella.  Methods  of  hemicellulose  analysis  are 
discussed  and  data  on  hemicelluloses  in  Douglas  fir  reported. 
An  accurate  gravimetric  method  of  determining  pentosans 
by  steam  distillation  and  precipitation  of  the  furfural  by 
thiobarbituric  acid  is  suggested.  The  procedures  for  the 
determination  of  pentosans  on  both  macro-  and  microsamples 
are  outlined  and  the  precision  of  each  is  indicated.  An  iso¬ 
lated  sample  of  middle  lamella  of  Douglas  fir  showed  a  pen¬ 
tosan  content  of  14.21  per  cent  (the  first  paper  describing  this 
work  indicated  a  lignin  content  in  the  middle  lamella  of  71 
per  cent).  A  direct  and  nearly  constant  relation  between 
lignin  and  pentosan  content  was  found  in  different  wood 
elements.  This  suggests  that  pentoses  take  part  in  the 
formation  of  lignin,  although  the  indicia  are  circumstantial. 
The  importance  of  the  findings  is  discussed. 
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Separation  and  Determination  of  Bismuth 

with  Gallic  Acid 

L  KIEFT  AND  G.  C.  CHANDLEE,  School  of  Chemistry  and  Physics,  The  Pennsylvania  State  College,  State  College,  Pa. 


ALLIC  acid  as  a  reagent  for  the  precipitation  of  bis¬ 
muth  was  used  in  qualitative  analysis  by  Das-Gupta 
(1),  but  apparently  no  investigation  of  the  quantitative 
possibilities  was  made.  In  view  of  the  small  number  of 
ions  forming  precipitates  with  gallic  acid,  it  seemed  worth 
while  to  determine  what  separations  of  bismuth  from  other 
elements  were  possible. 

Reagents 

The  bismuth  nitrate  solution  used  was  prepared  from 
Bureau  of  Standards  metallic  bismuth  and  Baker’s  analyzed 
acid.  A  3  per  cent  nitric  acid  solution  was  used.  The  acid 
concentration  in  all  work  is  expressed  in  percentage  by 
volume.  The  gallic  acid  was  Kahlbaum’s  D.  A.  B.  No.  5 
grade. 

Procedure 

The  3  per  cent  bismuth  nitrate  solution  containing  the  other 
elements  was  heated  to  70°  C.,  50  cc.  of  gallic  acid  (1  gram  of 
solid  reagent)  were  added,  and  the  solution  was  stirred  for  1 
minute.  The  solution  was  allowed  to  cool  before  filtering.  The 
clear  liquid  was  poured  through  the  filter  and  the  precipitate 
washed  by  decantation  with  150  cc.  of  a  solution  containing  2 
grams  of  gallic  acid  and  3  grams  of  ammonium  nitrate  per  100  cc 
of  water.  The  filter  paper  was  transferred  to  the  original 
beaker,  20  cc.  of  nitric  acid  were  added,  and  the  mixture  was 
heated  to  dissolve  the  precipitate  and  break  up  the  filter  paper. 
The  paper  pulp  was  filtered  and  washed  with  200  cc.  of  a  5 
per  cent  nitric  acid  solution  to  free  it  from  bismuth.  The  solu¬ 
tion  was  evaporated  to  dryness  and  10  cc.  of  nitric  acid  with  50 
cc.  of  water  were  added.  In  order  to  separate  bismuth  from 
the  other  elements,  a  reprecipitation  is  necessary,  consequently 
ammonium  hydroxide  was  added  until  the  solution  was  basic, 
then  nitric  acid  to  make  it  just  acid.  The  solution  was  heated 
to  70°  C.  and  the  bismuth  reprecipitated  with  gallic  acid.  I  he 
same  procedure  as  described  above  was  then  used  up  to  the  point 
at  which  ammonium  hydroxide  was  added.  At  this  point  the 
bismuth  was  precipitated  as  the  subcarbonate  and  ignited  to  the 
oxide  (2). 

The  results  are  given  in  Tables  I,  II,  and  III. 

Certain  details  of  the  above  procedure  require  mention: 
(1)  At  a  temperature  above  85°,  gallic  acid  starts  to  de¬ 
compose  and  among  the  products  some  compound,  the 
exact  composition  of  which  is  unknown,  prevents  the  complete 
precipitation  of  bismuth.  (2)  It  is  necessary  to  evaporate 
to  dryness  in  order  to  destroy  any  decomposition  products 
of  gallic  acid;  otherwise  complete  precipitation  of  the  bismuth 
cannot  be  obtained.  (3)  Because  of  the  ease  with  which 
bismuth  compounds  are  reduced  to  the  metal,  the  bismuth 
gallate  could  not  be  ignited  to  the  oxide. 

Interfering  Elements 

Mercury  and  antimony  are  precipitated  partially  with 
gallic  acid.  Tin  interferes  because  it  hydrolyzes  in  a  3 
per  cent  acid  solution.  Silver  cannot  be  removed  with  two 
precipitations. 

Summary 

Bismuth  can  be  separated  and  determined  in  3  per  cent 
nitric  acid  solution  in  the  presence  of  lead,  cadmium,  copper, 
zinc,  aluminum,  chromium,  iron,  nickel,  barium,  calcium, 
sodium,  and  potassium.  Bismuth  cannot  be  separated  from 
antimony,  mercury,  tin,  and  silver. 


Table  I.  Separation  of  Bismuth 

Bi2C>3 

Pb  Cd 

B^Ch 

Taken 

Present  Present 

Found 

Difference 

Gram 

Gram  Gram 

Gram 

Separation  from  Cadmium  and  Lead 

0.1120 

0.083  0.04 

0.1117 

-0.0003 

0.1120 

0.083  0.04 

0.1118 

-0.0002 

0.1120 

0.083  0.04 

0.1118 

-0.0002 

0.1120 

0.083  0.04 

0.1118 

-0.0002 

0.1120 

0.083  0.04 

0.1121 

+0.0001 

Separation  from  Aluminum  and  Copper 

A1  Cu 

Present  Present 

0.1120 

0.05  0.05 

0.1116 

-0.0004 

0. 1120 

0.05  0.05 

0.1118 

-0.0002 

0.1120 

0.05  0.05 

0.1117 

-0.0003 

0.1120 

0.05  0.05 

0.1117 

-0.0003 

0.1113 

0.05  0.05 

0.1110 

-0.0003 

Table  II.  Separation  of  Bismuth 

Cr 

Bi2C>3 

Taken 

Present 

Found 

Difference 

Gram 

Gram 

Gram 

Separation  from 

Chromium 

0.1120 

0.0312 

0.1123 

+  0.0003 

0.1120 

0.0312 

0.1121 

+  0.0001 

0.1120 

0.0312 

0.1118 

-0.0002 

0.1120 

0.0312 

0.1117 

-0.0003 

0.1120 

0.0312 

0.1121 

+0.0001 

Separation  from  Nickel 

Ni 

Present 

0.1120 

0.075 

0.1118 

-0.0002 

0.1120 

0.075 

0.1120 

0.0000 

0.1120 

0.075 

0.1122 

+0.0002 

0.1120 

0.075 

0.1121 

+  0.0001 

0.1120 

0.075 

0.1120 

0.0000 

Separation  from  Zinc 

Zn 

Present 

0.1113 

0.1113 

0.08 

0.08 

0.1110 

0.1111 

-0.0003 

-0.0002 

0.1113 

0.08 

0.1111 

-0.0002 

0. 1113 

0.08 

0.1111 

-0.0002 

0.1113 

0.08 

0.1113 

0.0000 

Separation  from  Iron 

Fe 

Present 

0.1113 

0.01 

0.1117 

+  0.0004 

0.1113 

0.01 

0.1112 

-0.0001 

0.1113 

0.01 

0.1110 

-0.0003 

0.1113 

0.01 

0.1110 

-0.0003 

0.1113 

0.01 

0.1112 

-0.0001 

Table  III. 

Separation  from  Sodium,  Potassium,  Calcium 

and  Barium 

Na  K  Ca 

Ba  BhCh 

Difference 

Taken 

Present  Present  Present 

Present  Found 

Gram 

Gram  Gram  Gram 

Gram  Gram 

0.2801 

0.09  0.08  0.08 

0.08  0. 

.2798 

-0.0003 

0.2801 

0.09  0.08  0.08 

0.08  0. 

.2799 

-0.0002 

0  2801 

0.09  0.08  0.08 

0.08  0 

,2797 

-0.0004 

0 . 2808 

0.09  0.08  0.08 

0.08  0 

.2809 

+0.0001 
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A  Simple  Portable  Aradiant  Convection 

Pyrometer 
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ALTHOUGH  radiation  errors  in  the  measurement  of  tem¬ 
perature  of  gases  are  common  and  frequently  of  com¬ 
paratively  great  magnitude,  correction  for  these  errors  is  at 
best  a  rough  approximation  and  involves  considerable  incon¬ 
venience.  This  is  due  to  the  lack  of  sufficient  data  on  emis¬ 
sion  coefficients  and  the  difficulties  met  in  accurately  meas¬ 
uring  the  temperature  of  all  surfaces  which  may  be  radiating 
heat  to  or  receiving  heat  from  a  static  thermocouple.  It  is 
evident  that  the  development  of  a  convenient  form  of  pyrome¬ 
ter  for  measuring  the  true  temperatures  of  gases  without  the 
necessity  for  attempting  corrections  is  much  needed. 

Various  suggestions  for  eliminating  the  effect  of  radiation  on 
pyrometer  readings  have  been  made.  Methods  of  shielding 
the  measuring  element  from  radiation  from  the  walls  by  means 
of  polished  metal  surfaces  and  the  use  of  a  shield  with  regu¬ 
lated  temperature  have  been  described  (4).  Heat-insulating 
shields  have  also  been  suggested,  and  the  use  of  small  measur¬ 
ing  elements  has  been  investigated  (5).  This  latter  method 
partially  accomplishes  the  desired  radiation  correction  because 
radiant  heat  transfer  takes  place  at  the  surface  of  the  element 
while  transfer  of  heat  by  convection  takes  place  at  the  surface 
of  a  stagnant  film  around  the  measuring  element  and  of 
greater  area  than  the  element.  For  very  small  elements  it  is 
obvious  that  this  difference  in  heat  transfer  area  may  become 
proportionately  large.  These  methods,  how¬ 
ever,  are  accurate  only  under  a  comparatively 
narrow  range  of  conditions  and  are  not  so 
generally  applicable  as  to  lead  to  the  develop¬ 
ment  of  a  convenient  portable  temperature¬ 
measuring  instrument. 

It  was  early  experimentally  discovered  that 
the  velocity  of  the  gas  past  the  pyrometer 
element  affected  the  reading  and  that  a  higher 
speed  decreased  the  error  due  to  radiation  (12). 

In  nearly  all  measurements  of  gas  temperature, 
heat  from  the  substance  whose  temperature  is 
to  be  measured  is  transmitted  to  the  measuring 
element  by  convection  only.  It  is,  therefore, 
advantageous  to  use  methods  which  increase 
the  heat  transfer  by  convection  as  well  as  de¬ 
crease  that  by  radiation.  The  use  of  suction  to 
increase  the  velocity  of  the  gas  past  the  ther¬ 
mometer  element  accomplishes  this,  since  the 
coefficient  of  heat  transfer  increases  with  the 
velocity  of  the  gas  past  the  heat-transfer  surface  ( 1 0) .  Several 
attempts  to  apply  this  principle  have  been  made  (1-3, 6-9, 11), 
but  none  of  these  so-called  “high  velocity”  thermocouples  or 
“suction”  pyrometers  has  been  developed  into  an  instrument 
which  is  of  general  utility  and  is  still  dependable  and  easily 
handled.  Most  are  unwieldy  and  lack  sufficient  simplicity  in 
construction  to  be  widely  used. 

The  design  of  the  proposed  instrument  should  embody  the 
following  features:  The  gas  velocity  past  the  measuring  ele¬ 
ment  should  be  sufficiently  large  to  make  heat  transfer  by 
radiation  an  insignificant  part  of  the  total  amount;  likewise, 
leads  from  the  element  should  be  so  small  that  conduction 
along  them  is  negligible.  The  high  gas  velocity  must  be  ob¬ 
tained  by  the  diversion  of  the  smallest  feasible  amount  of  the 
gas  from  its  normal  path.  Cooling  the  gas  before  reaching  the 
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suction  mechanism  may  be  necessary,,  To  reduce  radiation, 
an  insulating  shield  should  be  placed  around  the  element. 
Any  type  of  element  may  be  used,  providing  it  registers  by 
conduction  and  its  impulses  can  be  transmitted  by  leads; 
this  limits  the  selection,  for  practical  purposes,  to  the  thermo¬ 
couple,  although  the  resistance  thermometer  element  might 
be  used.  Finally,  all  parts  should  be  small,  to  allow  use  in 
cramped  quarters,  and  as  light  as  consistent  with  structural 
and  thermal  strength. 

Design  of  Instrument 

The  instrument  developed  has  been  made  in  two  forms,  dia¬ 
grams  of  which  are  shown  in  Figure  1.  Each  has  certain  con¬ 
structional  advantages,  but  neither  construction  involves  the 
sacrifice  of  any  desired  characteristics  of  performance. 

The  first  was  built  up  from  standard  parts  obtainable  from  any 
laboratory  supply  house.  A  28-inch  length  of  0.375-inch  copper 
tubing  was  flared  and  fitted  with  a  T-fitting  at  one  end  and  a 
standard  coupler  at  the  head.  The  thermocouple  leads  were 
carried  from  the  head  in  standard  0.1875-inch  two-hole  alundum 
insulators  placed  inside  the  copper  tube.  The  thermocouple 
junction  itself  was  fused  to  a  small  bead  and  placed  in  the  center 
of  a  0.0938-inch  hole  in  a  slate  disk  cut  for  the  purpose  and  held 
in  position  by  the  cap  and  asbestos  packing  placed  over  it.  An 
inlet  hole  0.3125  inch  in  diameter  was  drilled  in  the  cap.  To  help 


prevent  the  effects  of  conduction  of  heat  along  the  lead  wires, 
they  were  left  unsupported  for  the  last  0.75  inch.  The  alundum 
tubing  was  fixed  at  the  center  of  the  copper  tube  by  crimping  the 
end  at  3  points.  The  lead  wires  were  carried  out  through  the  T- 
fitting.  This  point  had  the  alundum  insulator  packed  in  with 
asbestos  and  the  holes  filled  in  with  high-temperature  cement  to 
prevent  air  leakage.  To  the  remaining  end  of  the  T-fitting  was 
attached  a  7-inch  double  coil  of  the  same  size  tubing,  which  served 
to  cool  the  gases  before  they  reached  the  pump. 

The  second  design  was  the  result  of  a  suggestion  by  Harry 
McCormack,  Department  of  Chemical  Engineering,  Armour  In¬ 
stitute  of  Technology,  Chicago.  In  this  design  all  screwed  cou¬ 
plings  were  eliminated  and  taper  joints  substituted.  The  T- 
fitting  in  the  first  design  was  replaced  by  a  special  brass  casting 
with  the  angle  changed  to  30°.  The  thermocouple  was  carried 
as  before  in  0.375-inch  copper  tubing,  but  the  coupling  at  the 
head  was  replaced  by  a  1.75-inch  length  of  0.5-inch  copper  tube. 
The  disk  in  this  case  was  cut  from  standard  0.25-inch  alundum 
single-hole  insulator  and  was  held  in  a  0.1875-inch  length  of 
0.375-inch  tubing  whose  ends  were  rolled  in.  This  assembly  was 
a  force  fit  in  the  0.5-inch  tube.  The  three  main  joints  were  made 
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Figure  1.  Two  Types  of  Aradiant  Convection  Pyrometer 


393 


394 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  5 


Figure  2.  Typical  Calibration  Curves 


by  machining  the  0.375-inch  copper  tube  for  a  taper  fit,  0.1875 
inch  taper  per  foot  being  used.  A  7-inch  double  cooling  coil  was 
fitted  as  before.  The  lead  wires  were  sealed  at  their  point  of  exit 
by  counterboring  for  0.125  inch  and  filling  with  vinylite  which  was 
baked  in. 

This  design  has  the  advantage  of  very  small  size  at  the  head, 
the  greatest  outside  diameter  at  that  point  being  0.5  inch.  The 
heads  of  both  instruments  are  small,  however,  so  they  may  be  used 
in  the  determination  of  temperatures  in  large  spaces  or  as  a  probe 
between  the  sections  of  a  pipe  coil.  For  use  with  temperatures 
higher  than  copper  will  stand,  a  large  variety  of  metal  tubings  is 
available.  Since  the  gases  are  cooled  practically  to  room  tem¬ 
perature,  it  is  possible  to  use  any  convenient  pumping  device, 
from  a  laboratory  vacuum  pump  to  a  steam  ejector,  with  rubber 
tubing  as  the  connector. 

In  an  experimental  gas-fired  furnace,  tests  on  the  reliability 
of  the  apparatus  described  were  made.  A  small  laboratory 
rotary  vacuum  pump  was  used  as  the  source  of  vacuum,  and  a 
Leeds  &  Northrup  student  potentiometer,  with  chromel- 
alumel  thermocouple,  giving  readings  accurate  to  1°  F.,  was 
used  to  measure  the  temperature.  In  all  cases  equilibrium  tem¬ 
perature  was  reached  when  the  rate  of  gas  flow  was  12  cubic 
feet  per  hour,  and  in  some  cases  the  necessary  amount  of  gas  to 
be  removed  from  the  furnace  was  only  8  cubic  feet  per  hour. 

Discussion 


the  size  of  the  thermocouple  bead  while  maintaining  the  neces¬ 
sary  linear  gas  velocity.  Too  great  sensitivity  is  in  many 
cases  undesirable,  however,  the  averaging  effect  of  the  less 
sensitive  head  making  the  use  of  the  pyrometer  data  much 
less  complex.  Thus,  in  the  experimental  gas-fired  furnace 
used  in  this  work,  a  sensitive  head  showed  irregular  tempera¬ 
ture  oscillations  with  amplitudes  of  more  than  50°  F.  and  pe¬ 
riods  of  the  order  of  1  second,  at  temperatures  about  700°  F. 
Furthermore,  displacement  of  the  head  by  less  than  0.5  inch 
produced  a  variation  of  50  °  F.  in  an  otherwise  essentially  con¬ 
stant  temperature.  Such  sensitivity  would  be  excellent  in  an 
instrument  designed  to  study  drafts  and  eddy  currents  in  a 
furnace,  but  the  automatic  averaging  effect  of  the  larger  bead 
is  more  desirable  in  making  heat  balances  and  heat-transfer 
studies.  The  pyrometer  may  be  very  effectively  used  to  take 
gas  samples  while  making  the  temperature  readings. 

While  a  high  linear  gas  velocity  is  desirable  for  the  purpose 
of  increasing  the  rate  of  heat  transfer  between  the  measuring 
element  and  the  gas  whose  temperature  is  to  be  measured,  this 
same  high  velocity  will  also  tend  to  promote  heat  transfer  be¬ 
tween  the  gas  and  portions  of  the  head  of  the  instrument,  the 
temperatures  of  which  are  affected  by  radiation,  thus  intro¬ 
ducing  error.  This  was  found  to  be  the  case  in  instruments 
in  which  the  thermocouple  bead  was  placed  in  an  alundum 
capillary  tube  of  any  length.  The  temperature  of  the  gas 
passing  at  high  velocity  through  the  capillary  would  tend  to 
approach  that  of  the  refractory  material,  which  in  turn  was 
greatly  affected  by  radiation.  This  was  shown  by  the  high 
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Graphs  of  the  effect  of  gas  velocity  on  the  approach  to  true 
temperature  are  shown  in  Figures  2  and  3.  These  results,  of 
course,  apply  only  to  this  instrument  and  in  the  general  case 
are  qualitative  only.  The  size  of  the  bead  and  thermocouple 
junction,  the  diameter  and  length  of  the  lead  wires,  and  the 
capacity  of  the  source  of  vacuum  used,  all  affect  the  accuracy 
of  the  temperature  reading,  as  does  the  main  source  of  radia¬ 
tion  error,  the  difference  in  temperatures  of  the  gas  and  the 
radiant  solid  surfaces  to  which  the  pyrometer  element  is  ex¬ 
posed.  Since  any  method  of  accurate  gas  temperature  meas¬ 
urement  involves  only  the  reduction  of  radiant  heat  transfer 
to  the  measuring  element  and  increase  of  flow  by  conduction 
and  convection,  the  temperature  indicated  will  approach  the 
true  temperature  asymptotically,  but  will  never  entirely  reach 
it.  The  accuracy  of  the  method  depends,  finally,  on  how  far  it 
is  possible  or  convenient  to  carry  this  convergence  toward  the 
asymptote. 

Structurally,  the  accuracy  of  the  aradiant  convection  py¬ 
rometer  depends  primarily  on  the  design  of  the  head.  The 
pyrometer  may  be  made  as  sensitive  as  desired  by  decreasing 


lag  in  some  of  the  instruments.  However,  the  substitution  of 
a  refractory  disk  drilled  to  give  the  proper  gas  velocity,  with 
the  thermocouple  bead  placed  directly  behind  the  hole,  gave 
excellent  results.  Constant  temperature  was  attained  after 
a  lag  of  only  1  to  2  seconds  in  this  type  of  instrument.  Upon 
removal  from  the  furnace  the  reading  would  immediately  drop 
to  room  temperature,  although  the  head  of  the  instrument  re¬ 
mained  hot.  Shutting  off  the  gas  flow  resulted  in  an  immedi¬ 
ate  increase  in  reading,  caused  by  conduction  from  the  heated 
head.  Resumption  of  the  gas  flow  caused  the  reading  to  drop 
to  room  temperature  again. 

The  aradiant  convection  pyrometer  was  tested  for  radia¬ 
tion  errors  by  pointing  the  instrument  in  a  direction  such  that 
the  element  was  exposed  to  radiation  from  the  back  of  a  muffle 
furnace  at  bright  red  heat.  No  change  in  reading  was  per¬ 
ceptible  when  the  source  of  radiation  was  covered  and  un¬ 
covered. 

The  terms  “high-velocity”  thermocouple  and  “suction” 
pyrometer  have  previously  been  applied  to  this  type  of  instru- 
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ment.  Neither  of  these  appellations  is  satisfactory;  neither 
is  sufficiently  descriptive  of  the  purpose  and  the  first  is  in 
some  ways  actually  misleading.  Since  the  instrument  is  ex¬ 
pected  to  minimize  the  effect  of  radiant  energy  absorption  and 
increase  the  transfer  of  heat  by  convection,  and  since  the 
principle  is  applicable  to  at  least  two  different  types  of  meas¬ 
uring  elements,  it  is  suggested  that  such  a  piece  of  equipment 
be  termed  an  aradiant  convection  pyrometer. 

Literature  Cited 

(1)  Forrest,  Special  Report,  Mass.  Inst.  Tech.,  Dept.  Chem.  Eng., 
1923. 


(2)  Guillon,  Chaleur  cfc  Ind.,  7,  395,  472  (1920). 

(3)  Haslam  and  Chappell,  Bull.  Mass.  Inst.  Tech.,  60,  No.  80  (1925) 

(4)  Hildebrand,  Arch.  Wbrmewirt.,  7,  319  (1926). 

(5)  Kreisinger  and  Barkley,  Bur.  Mines  Bull.  145  (1918). 

(6)  Lacey  and  Woods,  Ind.  Eng.  Chem.,  27,  379  (1935). 

(7)  Mattocks,  Ind.  Gas,  13,  No.  2,  15  (1934). 

(8)  Monrad,  Ind.  Eng.  Chem.,  24,  505  (1932). 

(9)  Mulliken,  Power,  78,  565  (1934). 

(10)  Nusselt,  Z.  Ver.  deut.  Ing.,  53,  1750,  1808  (1909). 

(11)  Parkin  and  Winks,  J.  Soc.  Glass  Tech.,  26,  315-26T  (1932). 

(12)  Robinson,  J.  Ind.  Eng.  Chem.,  13,  820  (1921). 

Received  November  21,  1935.  Presented  before  the  Midwest  Regional 
Meeting,  Louisville,  Ky.,  October  31  to  November  2,  1935. 


Laboratory  Gas- Absorption  Vessels 

WILLIAM  MCKINLEY  MARTIN,1  Montana  Agricultural  Experiment  Station,  Bozeman,  Mont. 


THE  gas-absorption  vessels  shown  in  Figure  1  were  de¬ 
veloped  after  considerable  experimentation  with  various 
types  of  absorbers.  They  operate  on  the  same  principle  as 
the  absorbers  designed  by  Weaver  and  Edwards  (8),  Milli¬ 
gan  (7),  Beaumont,  Willaman,  and  De  Long  (1),  and  Harvey 
and  Regeumbal  (3),  but  in  certain  respects  are  perhaps  better 
adapted  for  general  laboratory  use. 

Gas  Scrubber 

Apparatus  A  is  a  convenient  and  efficient  gas  scrubber  de¬ 
signed  to  supply  a  continuous  stream  of  purified  air  or  other 

1  Present  address,  Research  Department,  American  Can  Company, 
Maywood,  Ill. 


gas  wherever  needed  in  the  laboratory.  It  has  been  found 
especially  useful  in  preparing  large  volumes  of  carbon  di¬ 
oxide-free  distilled  water  by  the  aspiration  method.  When 
used  for  this  purpose,  the  stream  of  carbon  dioxide-free  air 
supplied  from  the  scrubber  is  dispersed  in  the  water  by  means 
of  a  sintered-glass  distributing  disk  which  may  be  prepared 
by  the  methods  described  by  Kirk,  Craig,  and  Rosenfels  ( 5 ), 
and  Cool  and  Graham  (2).  The  carboy  aspiration  assembly 
is  shown  in  C.  The  air  may  be  forced  through  the  system  by 
either  compression  or  suction,  the  latter  usually  being  prefer¬ 
able  when  the  aspiration  is  allowed  to  run  overnight,  or  when 
compressed  air  is  not  readily  available.  The  efficiency  with 
which  carbon  dioxide  is  removed  from  water  by  this  method 


A.  Laboratory  gas  scrubber.  C.  Removal  of  carbon  dioxide  from  a  carboy  of  distilled  water  by  aspirat- 

B.  Quantitative  gas-absorption  vessel  in  which  absorbing  solution  is  titrated  ing  with  a  current  of  carbon  dioxide-free  air. 

directly;  a  current  of  carbon  dioxide-free  air  being  used  to  stir  and  D.  Assembly  for  stirring  solution  w’ith  a  current  of  carbon  dioxide-free  air 
circulate  the  solution  in  the  vessel  during  titration.  during  titration. 
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is  obviously  determined  by  the  rate  of  aspiration,  the  degree 
of  dispersion  of  the  gas  stream,  and  the  length  of  the  path  of 
the  gas  bubbles  through  the  liquid.  Using  a  small  water 
pump  of  the  usual  laboratory  type,  adjusted  to  draw  a  gentle 
stream  of  air  through  the  system,  a  40-liter  carboy  of  dis¬ 
tilled  water  is  rendered  carbon  dioxide-free  overnight,  or  in 
from  12  to  16  hours.  Following  aspiration,  the  inlet  to  the 
distributing  tube  is  closed  with  a  pinchcock  and  the  outlet 
connected  to  a  soda-lime  trap,  the  carbon  dioxide-free  water 
being  withdrawn  as  needed  through  a  siphon  tube  not  shown. 

The  scrubber  may  also  be  used  to  supply  a  current  of  carbon 
dioxide-free  air  to  stir  solutions  which  are  affected  during 
titration  by  carbon  dioxide  or  other  reactive  atmospheric 
gases.  The  stream  of  purified  air  not  only  stirs  the  liquid 
during  titration  and  thus  permits  the  operator  to  observe 
more  closely  the  approach  of  the  end  point,  but  it  also  sweeps 
the  atmosphere  above  the  liquid  free  from  carbon  dioxide  and 
other  interfering  gases,  thereby  obviating  errors  which  in¬ 
evitably  occur  when  alkaline  solutions  are  exposed  to  the 
atmosphere.  Although  any  form  of  titration  vessel  may  be 
used,  the  stirring  action  is  most  effective  in  a  cylindrical 
vessel  similar  to  that  shown  in  D.  The  solution  to  be  ti¬ 
trated  is  put  into  the  vessel  in  a  countercurrent  of  carbon 
dioxide-free  air  for  the  reasons  already  mentioned. 

Many  other  uses  may  be  found  in  chemical  and  physical 
laboratories  for  a  gas  scrubber  of  the  type  herein  described. 
For  example,  it  may  be  used  not  only  for  purifying  gas 
streams,  but  also  for  drying  or  controlling  their  moisture  con¬ 
tents  at  any  desired  degree  of  saturation.  For  the  latter 
purpose,  the  scrubber  may  be  charged  with  concentrated 
sulfuric  acid,  sulfuric  acid  solutions,  or  saturated  solutions  of 
certain  salts  (4).  When  the  saturated  salt  solutions  are 
used  in  the  presence  of  an  excess  of  the  solid  salt,  a  gas  stream 
may  be  maintained  at  a  constant  degree  of  saturation  con¬ 
tinuously  over  long  periods.  The  scrubber  is  easily  charged 
with  the  excess  salt  by  filling  it  with  a  hot  saturated  solution 
and  then  allowing  it  to  cool,  the  amount  of  salt  crystallizing 
from  the  solution  being  determined  by  the  temperature  at 
which  the  solution  is  saturated.  To  prevent  closure  of  the 
tubes  by  the  crystallizing  salt  during  cooling,  air  is  drawn  into 
the  spiral  from  the  inlet  jet,  after  which  the  outlet  tube  is 
closed  with  a  pinchcock.  As  cooling  proceeds,  an  occasional 
bubble  of  air  is  drawn  into  the  system  through  contraction, 
thus  keeping  the  inlet  orifice  open.  The  crystallizing  salt 
settles  to  the  bottom  of  the  apparatus  where  the  solution  is 
continually  circulated  in  contact  with  it  to  maintain  a  state  of 
saturation.  Obviously,  the  volume  of  gas  which  may  be 
treated  without  recharging  the  apparatus  will  depend  on  its 
moisture  content  and  on  the  quantity  of  undissolved  salt,  the 
latter  going  into  solution  when  the  partial  pressure  of  the 
water  vapor  of  the  gas  stream  is  greater  than  that  of  the 
saturated  solution,  and  crystallizing  out  when  it  is  less. 

For  general  laboratory  use,  the  following  dimensions  (out¬ 
side  measurements)  have  been  found  very  satisfactory,  but 
if  desired  the  apparatus  may  be  constructed  with  larger  reser¬ 
voirs  to  increase  its  capacity. 


Dimensions  of  Labobatoby  Gas  Sceubbee  A 


Height  of  apparatus,  cm. 

Upper  reservoir: 

Height,  cm. 

Diameter,  cm. 

Volume  (capacity),  ml. 

Lower  reservoir: 

Height,  cm. 

Diameter,  cm. 

Volume  (capacity),  ml. 

Cylindrical  tube  connecting  upper  and  lower  reservoirs : 
Height,  cm. 

Diameter,  cm. 

Helical  tube: 

Length,  cm. 

Diameter,  cm. 

Inlet  jet,  diameter  of  orifice,  cm. 

Aspiration  rate,  liters  per  hour 


65 

12 

10 

500 

20 

13 

1000 

25 

3.5 

200 

0.6 

0.1 

75 


Absorption  Vessel 

Apparatus  B  is  a  quantitative  absorption  vessel  in  which  the 
absorbing  solution  is  titrated  directly,  thus  obviating  the 
errors  which  inevitably  occur  when  aliquots  are  removed  for 
titration.  This  is  an  especially  important  consideration  in 
titrating  alkaline  solutions  to  an  alkaline  end  point.  The  gas 
to  be  determined  is  passed  through  the  apparatus  charged 
with  the  absorbing  solution,  which  is  then  titrated  by  con¬ 
necting  the  absorber  to  scrubber  A  as  shown.  The  stream  of 
carbon  dioxide-free  air  effectively  stirs  the  solution  and  cir¬ 
culates  it  in  the  absorber  during  titration,  while  at  the  same 
time  the  countercurrent  of  air  prevents  carbon  dioxide  and 
other  interfering  atmospheric  gases  from  diffusing  into  the 
vessel.  Either  compression  or  suction  may  be  used  to  force 
the  air  through  the  system.  If  the  latter  is  used,  the  tip  of 
the  buret  is  inserted  through  a  rubber  stopper  (not  shown) 
fitted  into  the  tubulure  at  the  top  of  the  absorber.  The 
dimensions  (outside  measurements)  of  the  various  parts  of 
the  apparatus  are  as  follows : 


Dimensions  of  Quantitative  Absoeption  Vessel  B 


Height  of  apparatus,  cm.  60 


Reservoir : 

Height,  cm.  11 

Diameter,  cm.  8 

Volume  capacity,  ml.  300 
Vertical  tube: 

Length,  cm.  42 

Diameter,  cm.  0.6 


Spiral  tube: 

Length,  cm.  180 

Diameter,  cm.  0.6 

Inlet  jet: 

Diameter  of  lead-in  tube,  cm.  0 . 4-0 . 5 
Diameter  of  orifice,  cm.  0.05 

Aspiration  rate,  liters  per  hour  20—25 


The  aspiration  rate  given  is  for  the  complete  absorption  of  CO2  in  0.1 .  IT 
barium  hydroxide  solution.  Obviously,  the  efficiency  of  absorption  is  de¬ 
pendent  on  the  concentration  of  the  absorbing  solution  as  well  as  on  the 
aspiration  rate. 


The  principal  advantages  of  the  above  absorber  over  most 
of  those  in  general  use  are  its  efficiency  in  absorption,  its 
small  capacity  for  absorbing  solution,  and  its  design  which 
permits  direct  titration  of  the  absorbing  solution  without 
removing  it  from  the  vessel.  Inasmuch  as  it  will  operate  on 
as  little  as  30  ml.  of  liquid,  relatively  concentrated  absorbing 
solutions  may  be  used  without  requiring  inconveniently  large 
volumes  of  standard  solution  in  titration.  The  importance 
of  this  feature  has  been  discussed  by  Martin  and  Green  (6) 
in  their  studies  on  the  efficiency  of  absorption  of  carbon  di¬ 
oxide  by  barium  hydroxide  solutions  of  different  concentra¬ 
tions.  Although  originally  designed  for  the  determination  of 
carbon  dioxide  in  respiration  studies,  it  has  been  found  highly 
satisfactory  for  the  determination  of  free  and  combined  am¬ 
monia  by  the  aspiration  method.  The  ease  with  which  the 
absorbing  solution  may  be  titrated  in  the  vessel  makes  it  es¬ 
pecially  suitable  for  the  determination  of  ammonia  nitrogen  in 
soils  and  similar  material. 

Both  gas-absorption  vessels  were  made  in  a  commercial 
glass-blowing  laboratory  operated  by  Mr.  Grernke,  Physics 
Department,  University  of  Minnesota. 
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An  Analysis  of  Alkyd  Resins 

FREDERICK  KAVANAGH,  University  of  Missouri,  Columbia,  Mo. 


AS  THE  oil-modified  poly- 
hydric  alcohol-polybasic 
acid  resins  (hereafter  called 
alkyd  resins)  come  into  more 
general  use,  methods  for  their 
analysis  will  be  needed  by  the 
paint  chemist  and  others  who 
must  know  their  composition. 

A  search  of  the  available  litera¬ 
ture  did  not  reveal  a  method  for 
the  analysis  of  alkyd  resins.  The 
method  given  below  is  a  modi¬ 
fication  of  an  outline  of  a  method 
suggested  for  use  in  examining 
alkyd  resins  to  be  submitted 
under  specification  for  use  on  naval  aircraft  (Naval  Depart¬ 
ment  Specification  V-ll  for  glyceryl  phthalate  aircraft  spar 
varnish,  Naval  Aircraft  Factory,  Philadelphia,  Pa.),  in  which 
conditions  are  not  defined  precisely  enough  so  that  results  can 
be  reproduced.  The  method  is  based  upon  the  fact  that  acid 
can  be  added  in  proper  amount  to  the  saponified  resin  to  free 
all  the  fatty  acids  without  liberating  any  phthalic  acid;  the 
fatty  acid  can  be  removed  by  extraction  with  ether;  and  the 
phthalic  acid  can  be  freed  by  addition  of  more  acid  and  re¬ 
moved  by  extraction  with  ether. 

Method  of  Analysis 

In  the  analysis  of  a  resin,  remove  the  pigment,  if  present,  by 
means  of  a  supercentrifuge.  Put  from  10  to  20  grams  of  the 
clear  resin  solution  into  a  weighing  bottle  made  from  a  30-ml. 
Erlenmeyer  flask  fitted  with  a  cork  through  which  is  inserted  a 
medicine  dropper. 

Ash.  Determine  the  amount  of  ash  and  the  identity  of  the 
metals  in  it  from  this  solution.  The  ash  of  a  perfectly  clear 
sample  may  be  as  much  as  3  per  cent  of  the  solids.  If  the  ash  is 
as  much  as  0.1  per  cent  of  the  solids,  subtract  it  from  the  per  cent 
of  solids  to  get  the  per  cent  of  resin.  This  correction  is  not 
very  precise  but  it  is  better  than  no  correction.  If  the  composi¬ 
tion  of  the  drier  is  known,  a  more  precise  correction  can  be  made. 

Per  Cent  of  Solids.  To  determine  the  percentage  of  solids, 
transfer  1  to  1.5  grams  of  solution  to  each  of  two  shallow  pans  4  to 
5  cm.  in  diameter.  Heat  the  pans  at  105°  C.  for  2  hours  and 
weigh.  Heat  the  pans  an  hour  longer  and  weigh  again.  If  the 
changes  in  weight  are  less  than  1  mg.,  or  if  the  percentages  of 
solids  are  within  0.05  per  cent  of  each  other,  then  calculate  the 
per  cent  of  solids  from  the  weight  of  the  resin  left  after  3  hours 
heating.  If  the  changes  in  weight  are  large  or  the  percentages  of 
solids  do  not  agree  within  0.05  per  cent,  heat  longer,  and  weigh 
at  half-hour  intervals  until  the  weights  are  constant  or  until 
there  is  an  increase  in  weight  due  to  oxidation  of  the  oil.  Use  the 
minimum  weight  of  the  resin  to  calculate  the  percentage  of  solids. 
Usually  the  resin  solutions  are  between  40  and  80  per  cent  solids. 

Acid  Number,  Oil,  and  Phthalic  Anhydride 

The  acid  number,  oil,  and  phthalic  anhydride  are  deter¬ 
mined  on  the  same  sample.  It  is  convenient  to  report  the 
results  as  percentage  of  glyceryl  phthalate  and  oil  in  the  solid 
resin,  even  though  they  may  not  exist  as  such  in  the  resin. 

Acid  Number.  The  acid  number  is  the  number  of  milli¬ 
grams  of  potassium  hydroxide  which  must  be  added  to  1 
gram  of  resin  to  neutralize  it  to  the  phenolphthalein  end  point. 

Weigh  0.75  to  1.0  gram  of  resin  (1  to  2  grams  of  resin  solution) 
into  each  of  two  250-ml.  Erlenmeyer  flasks,  add  25  ml.  of  ben¬ 
zene  and  25  ml.  of  alcohol  (95  per  cent)  and  a  few  drops  of 
phenolphthalein,  and  titrate  with  aqueous  0.1  A  potassium  hy¬ 
droxide  until  the  pink  color  develops.  If  the  acid  number  is 
greater  than  15,  the  end  point  will  be  indefinite  and  the  observed 
value  for  acid  number  low.  In  this  case,  determine  the  acid 
number  on  a  separate  sample  dissolved  in  50  ml.  of  acetone. 
Naphthenate  driers  may  increase  the  acid  number  several  units. 


Oil.  To  each  flask,  after  the 
acid  number  determination,  add 
10  ml.  of  aqueous  6  per  cent 
potassium  hydroxide  solution  to 
saponify  the  resin.  Place  an  air 
condenser  jn  the  neck  of  the  flask, 
and  heat  on  a  hot  plate  until  the 
benzene  is  removed.  Remove  the 
air  condenser,  and  boil  until  the 
solution  foams.  If  any  odor  of 
hydrocarbons  remains,  add  alcohol 
and  boil  down  again.  All  the 
high-boiling  hydrocarbons  must  be 
removed  now,  or  the  oil  determina¬ 
tions  will  be  high  and  erratic. 

Dissolve  the  soap  in  10  ml.  of 
water.  Add  several  drops  of 
methyl  red  solution  and  10  per 
cent  hydrochloric  acid  from  a 
medicine  dropper  or  pipet  until  the  cloud  of  fatty  acids  just  be¬ 
gins  to  form.  Add  10  to  20  ml.  of  ethyl  ether  and  a  more 
dilute  solution  of  hydrochloric  acid  until  the  aqueous  phase 
turns  faintly  pink.  More  indicator  may  have  to  be  added  to 
the  aqueous  phase  in  order  to  give  a  perceptible  color.  This  is 
the  most  difficult  and  important  part  of  the  procedure:  difficult, 
because  the  ether  extracts  the  indicator  from  the  aqueous  phase; 
important,  because  all  the  fatty  acids  must  be  liberated  without 
freeing  any  phthalic  acid.  Any  other  monobasic  acids  (ben¬ 
zoic,  rosin,  etc.)  which  are  present  will  be  freed  and  will  be  ex¬ 
tracted  along  with  the  fatty  acids  if  soluble  in  ether. 

If  the  resin  contains  phenolic  resin,  the  phenols  will  be  ex¬ 
tracted  by  the  ether  and  interfere  with  the  oil  determination. 
Decant  the  ether  into  a  250-ml.  beaker,  add  10  ml.  of  ether  to  the 
contents  of  the  flask,  and  transfer  to  a  separatory  funnel.  Rim 
off  the  aqueous  solution  into  the  flask  and  the  ether  into  the 
beaker.  Extract  once  or  twice  more.  Boil  off  the  ether  from 
the  beaker  on  an  electric  hot  plate.  When  only  a  few  drops  of 
water  remain,  place  the  beaker  in  an  oven  at  55°  to  60°  C.  for 
several  hours  until  the  fatty  acids  are  dry.  Dissolve  the  dry 
fatty  acids  in  5  ml.  of  ether,  and  filter  through  a  3-cm.  filter 
paper  into  a  30-ml.  flask.  Wash  the  fatty  acids  from  the  sides  of 
the  beaker  with  more  ether,  but  keep  the  final  volume  of  ether 
in  the  flask  less  than  20  ml.  Evaporate  the  ether  without  boiling. 
Place  the  flask  in  the  oven  at  55°  to  60°  C.  for  several  hours;  then 
weigh  at  half-hour  intervals  until  the  weight  is  constant.  Dis¬ 
solve  the  fatty  acids  in  50  ml.  of  neutralized  alcohol  and  titrate 
with  aqueous  0.1  A  potassium  hydroxide  to  the  phenolphthalein 
end  point.  Calculate  the  acid  number  of  the  fatty  acids. 

Duplicate  titrations  should  agree  within  5  units  of  acid 
number.  If  one  is  much  lower  than  the  other,  the  low  one 
may  have  been  heated  too  hot  after  the  ether  was  removed  and 
some  anhydride  formed.  The  acid  number  will  be  lowered 
by  rosin,  fossil-resin  acids,  or  phenols  and  raised  by  benzoic 
acid. 

From  the  amount  of  potassium  hydroxide  used,  calculate 
the  quantity  which  is  added  to  the  weight  of  the  fatty  acids  to 
give  the  weight  of  the  triglyceride.  The  weight  of  the  tri¬ 
glyceride  is  called  the  weight  of  oil. 

Weight  of  fatty  acid  +  (0.00127)  X 

(ml.  of  0.1  A  KOH)  =  weight  of  oil 

This  calculation  does  not  indicate  that  oil  was  put  into  the 
resin  as  such ;  it  may  have  been  all  fatty  acids. 

A  rosin  test  should  be  made  on  the  extracted  fatty  acids 
rather  than  on  the  resin.  Some  fossil  resins  give  color  reac¬ 
tion  very  similar  to  rosin. 

Phthalic  Anhydride 

To  the  aqueous  solution  remaining  in  the  flask  after  the  fatty 
acids  have  been  extracted,  add  several  milliliters  of  concentrated 
hydrochloric  acid.  Extract  the  solution  three  times  with  10-ml. 
portions  of  ether,  combine  the  ether  extract  in  a  250-ml.  beaker, 
and  evaporate  the  ether.  A  few  drops  of  water  will  remain  with 
the  phthalic  acid. 


A  method  is  described  for  the  analysis  of 
alkyd  resins.  The  method  is  based  upon 
the  fact  that  acid  can  be  added  in  proper 
amount  to  the  saponified  resin  to  free  all 
the  fatty  acid  without  liberating  any 
phthalic  acid;  the  fatty  acid  can  be  re¬ 
moved  by  extraction  with  ether;  and  the 
phthalic  acid  can  be  freed  by  addition  of 
more  acid  and  removed  by  extraction  with 
ether.  Specific  directions  for  performing 
the  analysis  are  given. 
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In  the  meanwhile  evaporate  the  aqueous  solution  until  potas¬ 
sium  chloride  begins  to  crystallize  out.  Cool,  add  just  enough 
water  to  dissolve  the  potassium  chloride,  and  extract  with  ether 
three  times  as  was  done  before.  Add  the  ether  extracts  to  the 
beaker  which  contains  the  phthalic  acid,  evaporate  the  ether,  and 
place  the  beaker  in  a  warm  place  (not  over  50°  C.)  until  the  water 
and  hydrochloric  acid  are  removed. 

Add  50  ml.  of  water  and  a  few  drops  of  phenolphthalein  solu¬ 
tion  to  the  beaker.  Run  in  from  a  buret  a  slight  excess  of  0.1  N 
potassium  hydroxide.  Heat  until  all  the  phthalic  acid  has  dis¬ 
solved,  and  titrate  the  hot  solution  with  0. 1  A"  hydrochloric  acid 
until  the  pink  color  barely  disappears.  The  potassium  hydroxide 
and  hydrochloric  acid  solutions  should  be  standardized  with 
phthalic  acid,  phthalic  anhydride,  or  potassium  acid  phthalate 
under  the  same  conditions. 

1  ml.  of  0.1  N  KOH  =  0.0074  gram  of  phthalic  anhydride 
/  X  phthalic  anhydride  =  glyceryl  phthalate 

If  the  acid  number  of  the  resin  was  below  10  or  if  the 
theoretical  amount  of  glycerol  or  more  was  used  in  the  manu¬ 
facture  of  the  resin,  the  factor  /  =  1.293  can  be  used.  If  the 
acid  number  was  higher  than  10  or  if  the  resin  was  made  with  a 
deficiency  of  glycerol,  as  is  the  practice  in  some  plants,  the 
factor  is 

/  =  1.293  —  0.0387  (acid  number)/%  of  phthalic  anhydride 

The  factor/  is  derived  as  follows:  Assume  that  the  acidity  is 
due  entirely  to  phthalic  anhydride,  and 

x  =  pht  halic  anhydride  present  as  glyceryl  phthalate 
y  =  phthalic  anhydride  to  which  the  acidity  is  due 
a  =  x  +  y  =  total  phthalic  anhydride 
b  —  acid  number  of  solids 
5  =  b  X  (weight  of  resin) 

Glycervl  phthalate  =  y  +  1.293  x  = 

0.001318  5  +  1.293  (a  -  0.001318R) 

,  ,  ,  _  ,  ,  ,  ,  1.293  a  -  0.293  (0.001318)5 

/  =  glyceryl  phthalate/a  =  - - - 

/  =  1.293  -  0.000387  B/a  =  1.293  -  per  cent  phthalic  anhydride 


Two  examples  are  given  in  Table  I  to  illustrate  the  method. 
The  first  is  a  long-oil  resin  with  a  high  acid  number.  The 
second  is  a  short-oil  resin  that  contains  about  30  per  cent  of 
combined  rosin. 


Table  I.  Analysis  of  Alkyd  Resins 

Long-Oil  Resin,  Short-Oil  Resin, 

High  Acid  No.  Low  Acid  No. 

Ash  Trace  Trace 


Solids,  % 

55 

.5 

52 

.1 

Acid  No. 

27 

6 

.8 

Sample,  grams 

1 . 5230 

1.5125 

1 . 2205 

1.6521 

Resin,  gram 

Fatty  acids  +  resin  acids, 

0.845 

0.840 

0.635 

0.861 

gram 

0.1  IV  KOH  to  neutralize 

0.6177 

0.6140 

0.4488 

0.6093 

fatty  acids,  ml. 

20.8 

20.8 

12.9 

17.2 

Acid  No.,  fatty  acids 
Correction  to  convert  fatty 

192 

190 

163 

164 

acids  to  triglyceride 

0.0264 

0  0264 

0.0164 

0.0218 

Oil,  gram 

0.6441 

0 . 6404 

0 . 4652 

0.6311 

Oil,  % 

0.1  N  KOH  for  phthalic  an¬ 

76.2 

76.3 

73.3 

73.3 

hydride,  ml. 

21.5 

21.3 

73.2 

23.2 

Phthalic  anhydride,  gram 

0.1590 

0.1575 

0.127 

0.172 

Phthalic  anhydride,  % 

18.80 

18.75 

20.0 

20.0 

/ 

1.237 

1.237 

1.280 

1.280 

Glyceryl  phthalate,  % 

23.2 

23.2 

25.6 

25.6 

Oil  4-  glyceryl  phthalate,  % 

99.4 

99.5 

98.9 

98.9 

The  per  cent  of  oil  plus  glyceryl  phthalate  should  be  be¬ 
tween  99  and  100.  Occasionally  check  results  give  sums  as 
low  as  95.  In  these  cases,  the  saponification  numbers  of  the 
resins  were  sufficient  to  account  for  all  the  oil  and  phthalic 
anhydride  found,  which  indicated  either  that  an  excess  of 
glycerol  was  present  or  that  part  of  the  glycerol  had  been 
replaced  by  an  alcohol  with  a  higher  combining  weight.  If 
the  sum  of  oil  plus  glyceryl  phthalate  is  too  high,  if  the 
determinations  for  oil  check  each  other,  and  if  the  saponifica¬ 
tion  number  accounts  for  all  the  fatty  acid  and  phthalic  an¬ 
hydride  found,  the  acid  number  of  the  phthalic  acid  should 
be  determined,  for  it  may  be  that  some  maleic  anhydride  was 
used  in  the  resin. 
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A  Simplification  of  the  Isohydric  Indicator  Method 

SVERRE  STENE 

Statens  Institutt  for  Folkehelsen.  Oslo,  Norway 


IN  NORWAY  most  surface  waters  are  acid,  and  in  large 
parts  of  the  country  have  an  alkalinity  (content  of  bi¬ 
carbonates,  humates,  etc.)  less  than  0.0001  N.  Waters  with 
an  alkalinity  of  about  0.00001  N  and  a  pH  value  near  5  are 
common.  Such  waters  are  very  corrosive  of  iron  and  con¬ 
crete  and  many  are  lethal  to  trout  and  trout  fry.  Deter¬ 
mination  of  pH  has  presented  difficulties. 

Acree  and  co-workers  (7,  2,  S)  have  shown  that  large  errors 
are  possible  when  using  the  standard  methods  of  pH  deter¬ 
mination  in  unbuffered  solutions.  They  have  also  shown  that 
the  glass  electrode  and  the  isohydric  indicator  methods  give 
satisfactory  results,  but  these  methods  are  not  well  suited  for 
field  work  nor  for  laboratories  doing  only  an  occasional  deter¬ 
mination. 

The  author  has  developed  a  method  which  is  essentially 
that  of  Acree  and  co-workers,  but  instead  of  having  several 
indicator  solutions  previously  neutralized  to  different  pH,  the 
neutralization  is  performed  in  two  unequal  volumes  of  the 
unknown  fluid.  The  accuracy  should  be  of  the  same  order 
as  with  Acree’s  method,  and  the  precision  with  a  suitable 
ratio  between  the  volumes  seems  adequate. 


Modification  of  Isohydric  Method 

The  method  is  based  upon  the  fact  that  if  identical  volumes 
of  an  indicator  solution,  neutralized  to  a  pH  in  the  neighbor¬ 
hood  of  the  acid  (or  alkaline)  border  of  its  useful  range,  are 
added  to  a  small  and  to  a  large  volume  of  an  unknown  fluid 
with  a  pH  within  the  same  range,  the  small  volume  will  have 
a  more  acid  (or  alkaline)  color  than  the  large  volume.  If  an 
indicator  solution  of  the  same  pH  as  the  fluid  is  used,  the 
color  in  the  volumes  will  be  equal. 

The  easiest  way  to  make  the  determination  is  to  take  two 
Nessler  cylinders  of  the  same  size  and  measure  out  the  iden¬ 
tical  indicator  volumes  and  then  the  unequal  fluid  volumes. 
Titrate  until  the  colors  are  the  same,  when  looking  down 
along  the  axis  of  the  tubes;  at  this  point  the  original  pH  is 
reached  and  the  color  may  be  compared  with  standards.  In¬ 
stead  of  microburets,  dropping  pipets  may  be  used  for  field 
work,  adding  equal  numbers  of  drops  to  the  tubes  between 
comparisons.  The  titrating  liquids  may  be  0.001  N  to  0.0001  N 
depending  on  circumstances.  Suitable  volumes  are  20  and 
100  ml.  The  use  of  alkaline  indicator  solution  and  titration 
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with  acid  is  preferable,  because  absorption  of  carbon  di¬ 
oxide  from  the  air  may  otherwise  introduce  errors.  To  avoid 
this,  it  is  best  to  make  a  preliminary  determination  first, 
and  in  a  second  test  add  almost  the  total  amounts  of  titrating 
liquid  at  once,  using  the  greatest  possible  precision  in  the 
final  titration. 

The  method  has  great  elasticity.  The  two  volumes  need 
not  be  known,  and  the  amount  of  indicator  need  not  be  known 
in  relation  to  the  volumes  of  fluids,  except  when  compared 
with  permanent  standards.  The  concentration  of  the  titrat¬ 
ing  liquid  needs  to  be  only  approximately  known.  The  essen¬ 


tial  features  are  that  the  added  volumes  of  indicator  solution 
be  strictly  equal,  that  the  added  amounts  of  titrating  liquid 
before  comparisons  be  equal,  and  that  loss  or  absorption  of 
carbon  dioxide  be  prevented. 
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Sensitiveness  of  Magnesium  Uranyl  Acetate 
Reagent  to  Sodium  and  Potassium 

CHARLES  H.  GREENE.  Harvard  University  and  Radcliffe  College,  Cambridge,  Mass. 


IN  THE  course  of  work  upon  a  system  for  the  analysis  of 
the  alkali  and  alkaline  earth  groups  a  study  was  made  of 
the  sensitiveness  of  magnesium  uranyl  acetate  reagent  to 
sodium  and  potassium.  Since  such  data  do  not  appear  to  be 
available  for  different  dilutions  of  the  reagent,  in  spite  of 
the  numerous  papers  upon  the  analytical  applications  of  the 
reagent  which  have  appeared,  the  results  of  the  study  may 
be  of  general  interest. 

Experimental 

The  reagent  was  prepared  according  to  the  directions  of 
Noyes  and  Bray  (1).  Solutions  of  sodium  and  potassium 
nitrates  containing  50  mg.  per  ml.  of  sodium  and  potassium 
were  prepared  from  reagent  chemicals  and  diluted  as  required. 
Redistilled  95  per  cent  alcohol  was  used. 

The  experiments  were  performed  by  mixing  in  small  test 
tubes  1  ml.  of  sodium  or  potassium  solution  with  a  volume  of 
reagent  ranging  from  0.1  to  2.0  ml.  In  some  experiments  0.5 
ml.  of  alcohol  was  added  to  the  solution  before  mixing  with 
the  reagent.  The  results  of  the  experiments  in  which  0.5  ml. 
of  reagent  was  employed  are  presented  in  Table  I. 

Table  I.  Time  Required  for  Precipitation 


(1  ml.  of  solution  mixed  with  0.5  ml.  of  magnesium  uranyl  acetate  reagent) 


Without 

With  0.5  Ml. 

Potas- 

Without 

With  0.5  Ml 

Sodium 

Mg. 

Alcohol 

of  Alcohol 

sium 

Mg. 

Alcohol 

of  Alcohol 

0.00 

No  ppt. 

No  ppt. 

5 

No  ppt. 

No  ppt. 

0.01 

No  ppt 

24  hr. 

8 

No  ppt. 

No  ppt. 

0.02 

No  ppt. 

24  hr. 

10 

No  ppt. 

20  hr. 

0.03 

No  ppt. 

25—35  min. 

12 

2—50  min. 

0.04 

No  ppt. 

25—32  min. 

14 

No  ppt. 

1-5  min. 

0.05 

No  ppt. 

3-5  min. 

15 

22  min. 

0.06 

No  ppt. 

2  min. 

16 

3-4  hr. 

0.12 

No  ppt. 

18 

8  min. 

0.14 

No  ppt. 

20 

1-7  min. 

0.16 

3  hr. 

25 

<1  min. 

0.  18 

5  min. -3  hr. 

0.20 

1  min. 

The  results  of  these  and  similar  experiments  in  which  other 
proportions  of  reagent  to  solution  were  employed  are  shown 
by  Figure  1.  Five  minutes  was  taken  as  the  observation  time 
for  this  figure — that  is,  tests  which  failed  to  yield  a  precipitate 
within  5  minutes  of  mixing  were  regarded  as  negative.  Tests 
which  were  positive  within  5  minutes  of  mixing  without  the 
addition  of  alcohol  are  indicated  by  solid  black  circles,  tests 
which  failed  to  yield  a  precipitate  without  alcohol  but  which 
precipitated  within  the  specified  time  when  0.5  ml.  of  alcohol 
was  present  are  indicated  by  the  half-shaded  circles,  while 


tests  which  were  negative  even  with  the  addition  of  alcohol 
are  indicated  by  open  circles.  To  avoid  confusion,  only  those 
tests  which  were  critical  at  any  concentration  of  reagent  have 
been  plotted.  The  scales  of  Figure  1  are  logarithmic  to  permit 
the  inclusion  of  results  for  sodium  and  potassium  in  a  single 
figure. 

Discussion 

It  is  evident  from  Figure  1  that  the  distinction  between 
sodium  and  potassium  is  improved  as  the  ratio  of  the  volume 
of  reagent  to  the  volume  of  the  solution  tested  is  increased. 


MG.  OF  SODIUM  OR  POTASSIUM  PER  ML.  OF  SOLUTION 

Figure  1.  Sensitiveness  of  Magnesium  Uranyl  Acetate 
to  Sodium  and  Potassium 
(Volume  of  solution,  1.00  ml.  Time,  5  minutes) 

The  addition  of  alcohol  also  increases  the  sensitivity  of  the 
reagent  towards  sodium  more  than  towards  potassium — a 
desirable  result.  With  2  ml.  of  the  reagent  to  1  ml.  of  the 
solution  to  be  tested,  however,  the  addition  of  0.5  ml.  of 
alcohol  results  in  a  slight  turbidity  which  prevents  the  recogni¬ 
tion  of  less  than  0.01  mg.  of  sodium  with  certainty.  This 
undoubtedly  results  from  the  fact  that  the  reagent  as  pre¬ 
pared  is  saturated  with  the  sodium  compound.  Unfortu¬ 
nately,  it  is  not  feasible  to  remove  this  sodium  by  including 
alcohol  in  the  reagent,  since  uranyl  ion  is  reduced  by  alcohol. 
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With  0.5  ml.  of  reagent  and  0.5  ml.  of  alcohol  per  ml.  of 
solution  the  presence  of  10  mg.  of  potassium  increases  the 
sensitiveness  of  the  test  to  sodium  slightly;  thus  0.02  mg.  of 
sodium  produces  a  precipitate  under  these  conditions. 

There  is  little  danger  of  confusing  potassium  with  sodium 
even  if  the  quantity  of  potassium  present  slightly  exceeds 
the  amount  permitted  by  the  sensitivity  of  the  test  towards 
potassium.  This  arises  from  the  fact  that  the  potassium 
compound  with  the  reagent  crystallizes  in  long  needles  which 
may  easily  be  distinguished  from  the  granular  precipitate  of 
sodium  magnesium  uranyl  acetate. 


Summary 

Data  are  presented  showing  how  the  sensitivity  of  mag¬ 
nesium  uranyl  acetate  reagent  towards  sodium  and  potassium 
varies  with  the  proportion  of  the  reagent  used  in  the  test  and 
with  the  presence  of  alcohol. 

Literature  Cited 
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Check  Valve  for  Wash  Bottles 

F.  H.  SMITH 

North  Carolina  Agricultural  Experiment  Station, 
Raleigh,  N.  C. 

THE  check  valve  shown  in  Figure  1  has  been  found  useful 
in  wash  bottles.  With  its  use  in  delivery  tube  G,  the 
water  from  the  wash  bottle  neither  spatters  nor  drips  when 
pressure  is  applied  or  released.  It  also  keeps  the  delivery 
tube  full  of  water  which  may  be  siphoned  from  the  wash  bottle 
dropwise.  This  type  of  valve  seats  promptly  and  is  held  in 
position  by  the  action  of  both  pressure  and  gravity. 

For  Organic  Solvents.  The  valve  placed  in  tube  F, 
through  which  the  air  enters  the  wash  bottle,  prevents  the 
vapors  of  organic  solvents  from  entering  the  mouth.  This 
arrangement  is  most  conveniently  used  with  solvents  such  as 
ethyl  and  petroleum  ethers,  which  do  not  condense  in  the  valve 
chamber.  For  preventing  back  pressure,  assembly  F  may  be 
used  in  wash  bottles  containing  either  hot  water  or  ammonia. 
The  valves  at  F  and  G  may  be  used  separately  or  in  combina¬ 
tion. 

Construction 

Expand  a  small  bulb  2  to  3  mm.  larger  than  glass  tubing  which 
has  an  internal  diameter  of  4  mm.  Thicken  the  walls  of  the  tube 
at  one  side  of  the  bulb  to  form  the  seat  of  the  valve,  as  shown  in 
A.  Valve  B  is  made  from  a  glass  rod  with  a  diameter  of  2.5  mm. 
Expand  the  end  forming  the  valve  by  heating  the  upper  tip  of  the 
rod  (cut  off  squarely)  while  rotating  it  in  a  vertical  position  until 


it  will  just  pass  into  tube  A.  Grind  with  coarse  and  fine  emery 
until  a  satisfactory  seat  is  obtained.  Cut  valve  rod  B  about  23 
mm.  long,  heat  the  upper  end,  and  press  to  the  shape  shown  at  C 
(end  view)  and  D  (side  view)  with  a  pair  of  tweezers  to  permit  the 
air  to  pass  readily.  Insert  the  valve  and,  after  heating  tube  A 
with  a  pointed  flame,  press  in  with  a  sharp  pointed  instrument  to 
retain  the  valve  as  shown  in  E.  Valve  assembly  E  is  bent  to  the 
shape  shown  at  F,  so  that  it  will  pass  into  the  neck  of  the  wash 
bottle,  or  it  may  be  passed  through  the  stopper  and  bent  as  in 
delivery  tube  G. 

With  valve  F  a  vent  tube  is  used  which  is  closed  with  the  thumb 
when  the  wash  bottle  is  in  use.  To  the  upper  part  of  tube  F  a 
piece  of  rubber  tubing  25  to  30  cm.  (10  to  12  inches)  long  is  at¬ 
tached. 
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Spectrographic  Microdetermination 
of  Zinc 

IN  AN  ARTICLE  entitled  “Spectrographic  Microdetermination 
of  Zinc”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  8,  240  (1936)],  the 
authors  made  the  following  statement:  “Inasmuch  as  the  con¬ 
cave  grating  spectrograph  used  by  the  authors  is  not  so  sensitive 
as  the  quartz  prism  instruments,  the  zinc  present  in  the  plant 
ash  must  be  separated  from  the  main  constituents  of  the  ash 
and  concentrated  before  spectrographic  methods  can  be  applied.” 

It  has  been  called  to  the  authors’  attention  that  this  statement 
may  be  misinterpreted  to  reflect  adversely  upon  the  use  of  grating 
instruments  for  analytical  work;  thus  they  would  like  to  point 
out  that  what  was  actually  meant  was  that  spectrographs  of 
greater  photographic  speed  exist  than  the  grating  spectrograph 
used,  which  make  possible  the  arcking  of  a  smaller  amount  of 
sample  and  hence  possess  greater  absolute  sensitivity. 

On  the  other  hand,  the  higher  the  resolution  and  dispersion  of 
a  spectrograph  the  slower  the  photographic  speed,  owing  to  the 
fact  that  the  size  of  the  diffracting  medium  is  limited.  These 
properties  of  high  resolution  and  dispersion,  however,  tend  to 
make  for  higher  relative  sensitivity,  since  the  background  is 
reduced  by  obtaining  sharper  lines  and  spacing  them  at  greater 
distances.  Thus  the  grating  instrument  employed  is  certainly 
on  a  par  with  all  prism  instruments  as  far  as  relative  sensitivity 
is  concerned,  and  in  fact  has  been  proved  so  by  numerous  experi¬ 
ments.  Since  for  most  work  the  size  of  the  original  sample  is 
not  the  limiting  factor,  a  high  relative  sensitivity  is  the  most 
important  attribute  of  the  spectrograph  for  general  analyses. 

As  a  matter  of  fact,  the  sensitivity  of  the  grating  spectrograph 
used  by  the  authors  is  sufficient  for  the  positive  detection  of  less 
than  0.001  mg.  of  zinc,  all  three  of  the  persistent  lines  (3282.32, 
3302.6,  jmd  3345.0)  being  present  when  this  amount  of  zinc  is 
arcked. 

Albert  P.  Vanselow 


Figure  1.  Diagram 
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Organic  Reagents  in  Inorganic  Analysis1 

F.  FEIGL 

University  of  Vienna,  Vienna,  Austria 


ALTHOUGH  the  methods  of  chemical  analysis  have  been 
permanently  influenced  through  the  advances  in  all 
fields  of  chemistry,  this  influence  is  not  always  immediate, 
since  in  chemical  analysis  thorough  testing  and  criticism  are 
necessary  and  long  periods  of  time  frequently  elapse  before 
new  methods  and  procedures  become  established.  This  is 
also  true  of  the  more  recently  popularized  investigation  and 
use  of  organic  reagents.  In  inorganic  analysis,  which  is 
undoubtedly  one  of  the  oldest  branches  of  chemistry,  in¬ 
organic  reagents  or  purely  inorganic  reactions  have,  with  a 
few  exceptions,  long  dominated,  even  during  a  time  when 
synthetic  organic  chemistry  was  experiencing  striking 
triumphs  through  the  evolution  of  classical  syntheses  and 
through  the  elucidation  of  constitution,  etc.,  and  an  abundance 
of  compounds  was  available.  Up  to  the  end  of  the  preceding 
century  only  a  few  analysts  devoted  much  consideration  to 
organic  reagents  and  then  only  where  the  value  of  such 
reagents  was  immediately  obvious.  As  pioneers  must  be 
mentioned  the  French  chemists,  Deniges  and  Cazeneuve,  with 
whose  names  are  associated  analytical  reactions  frequently 
used. 

The  genuine  beginning  of  a  systematic  research  into  the 
possibilities  of  organic  reagents,  however,  occurred  at  a  later 
date.  It  was  distinguished  by  the  founding  and  development 
of  the  chemistry  of  the  complex  compounds  by  A.  Werner  and 
his  school,  further  by  the  improvement  of  microchemical 
technic,  and  finally  by  the  tendency  toward  rationalization 
and  simplification  of  analytical  methods.  T oday  it  is  generally 
accepted  that  in  the  evaluation  of  analytical  methods  two 
criteria  are  determinative :  the  sensitivity  and  the  specificity 
of  the  involved  reactions.  A  comparison  by  both  criteria  of 
the  effectiveness  of  inorganic  and  organic  reagents  shows  that 
the  latter  exhibit  many  intrinsic  advantages. 

Although  organic  substances  had  been  occasionally  used 
earlier  for  precipitations  and  color  reactions  [the  precipita¬ 
tion  of  metal  oxalates,  of  hydroxides  by  organic  bases,  and  the 
Griess  reaction  (60)  for  nitrous  acid  described  in  1879,  may  be 
mentioned],  it  was  only  in  1905  that  the  significance  of  organic 
reagents  in  the  analysis  of  inorganic  substances  was  brought  to 
attention  in  an  obvious  and  emphatic  manner.  This  was  by 
the  nickel  reagent,  diacetyldioxime  (dimethyl glyoxime), 
described  by  L.  Tschugaeff,  with  which  A.  Brunck  carried  out 
a  series  of  valuable  separations.  The  Tschugaeff  nickel 
reaction  may  still  be  considered  as  ideal  in  a  certain  sense. 
Because  of  the  intense  color  and  insolubility  of  the  nickel 
salt,  the  reaction  furnishes  a  sensitive  method  for  the  detection 


1  Translation  from  the  German  by  Harvey  C.  Diehl,  University  of  Michi¬ 
gan. 


of  nickel ;  its  exceptional  purity  and  definite  composition,  mak¬ 
ing  possible  direct  weighing,  afford  a  direct  determination  of 
small  amounts  of  nickel;  and  above  all — and  this  is  its  par¬ 
ticular  merit — it  is  highly  specific  in  its  action.  The  nickel- 
diacetyldioxime  reaction  indicates  for  the  first  time,  in  that 
it  hints  at  the  great  reservoir  of  organic  compounds,  the  pos¬ 
sibility  of  a  far-reaching  simplification  of  difficult  analytical 
separations  through  the  use  of  specifically  acting  organic 
reagents. 

A  survey  of  organic  compounds  for  their  use  in  solving 
analytical  problems  indicates  that  much  empirical  research  is 
necessary,  but  that  certain  guideposts  and  directing  principles 
are  available  for  searching  out  new  reagents  or  improving  old 
reactions. 

Salt-Forming  Properties  and  Inner  Complex 
Compounds 

First  consideration  must  be  given  to  the  salt-forming 
properties  of  the  organic  compound,  which  are  due  to  the 
presence  or  the  formation  of  definite  acidic  atomic  groupings; 
such  salt-forming  groups  are  the  sulfonic  (S03H) — ,  sulfinic 
(SO;H) — -,  carboxyl  (COOH) — ,  hydroxyl  (OH) — ,  sulfhydryl 
(SH) — ,  oxime  (NOH)=,  and  imine  (NH)=  groups,  the 
hydrogen  atoms  of  which  are  replaceable  by  metal  atoms. 
At  the  same  time  conditions  must  be  such  in  the  organic  mole¬ 
cule  that  a  complex  compound  can  be  formed  through  the 
saturation  of  the  secondary  valences  of  the  metal  atom  con¬ 
tained  as  a  neutral  part  in  the  molecule. 

In  the  analytical  evaluation  of  the  salt-forming  ability  of 
an  organic  compound,  as  high  a  sensitivity  and  specificity 
as  possible  are  first  to  be  desired,  assuming  the  salt  to  possess 
the  necessary  solubility  relations  (insolubility  in  water,  solu¬ 
bility  in  organic  reagents),  and  to  have  a  color  different  from 
that  of  the  reagent.  Although  one  of  the  above  acid-forming 
groups  is  indispensable  for  salt  formation,  other  atoms  or 
atomic  groupings  occurring  in  the  molecule  frequently  exert 
essential  influences  on  the  specificity  of  the  salt  formation  as 
well  as  on  the  color  and  the  solubility  of  the  salt  concerned. 
It  is  important  to  observe  that  in  all  cases  the  metal  not  only 
replaces  the  acidic  hydrogen  atom  but  also  is  bound  to  other 
atoms  of  the  same  molecule  through  the  saturation  of  the 
secondary  valences  of  the  metal  atom  (inner  complex  salt 
formation).  The  conditions  affecting  the  dependence  of 
analytical  effects  on  constitution  are  therefore  important 
because,  as  is  well  known,  condensation  and  substitution 
reactions  frequently  cause  great  changes  in  the  structure  of 
organic  molecules,  thus  modifying  the  salt-forming  properties 
of  the  compounds,  and  this  may  be  made  profitable  from  an 
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analytical  viewpoint.  In  a  survey  of  the  analytical  evaluation 
of  new  reagents  and  the  improvement  of  the  activity  of  organic 
reagents  already  known,  it  is  of  great  significance  that  certain 
atomic  groupings  in  organic  compounds  exert  a  very  definite 
influence  on  the  solubility,  color,  etc.,  of  the  salts,  so  that 
it  is  safe  to  speak  of  the  relation  between  certain  atomic 
groupings  and  specific  activity.  It  should  be  pointed  out  here, 
however,  that  the  reaction  medium,  as  well  as  the  definite 
atomic  groupings  appearing  in  the  molecule,  is  of  great  impor¬ 
tance  in  the  determination  of  the  specificity  of  organic 
reagents.  Thus  a  reagent  may  be  highly  specific  in  acid  solu¬ 
tion  but  in  alkaline  solution  its  uniqueness  is  lost  or  wholly 
changed  in  nature.  Furthermore,  it  is  often  possible,  through 
the  addition  of  certain  compounds,  to  decrease  the  concentra¬ 
tion  of  disturbing  ions  so  much  that  the  trouble  may  be 
eliminated. 

As  a  starting  point  for  these  considerations  we  may  select 
the  reagent  already  mentioned,  diacetyldioxime.  As  is  well 
known,  the  red  insoluble  nickel  salt  of  diacetyldioxime  is 
interpreted  as  an  inner  complex  compound  according  to  the 
formula 

H3C— C— C— CH, 

o!r  NOH 

V'' 

Ni/2 


contrast  to  diacetyldioxime,  is  very  soluble  in  water.  The 
example  of  the  dioximes  indicates,  therefore,  that  it  is  possible 
to  change  the  molecule  of  the  organic  reagent  so  that  its 
analytical  value  may  be  improved,  if  the  specifically  acting 
group  is  known  and  maintained  unchanged  throughout  the 
variations  in  the  rest  of  the  molecule. 

This  relation  of  analytically  important  properties  to 
particular  and  characteristic  groupings  is  also  shown  by  two 
copper  reagents — namely,  benzoinoxime  U0),  CeH6 — CH(OH)- 
— C(NOH) — CeH6,  and  salicylaldoxime  (22),  CJHCHINOH)- 
OH.  The  first  reagent  is  specific  for  copper  in  ammoniacal 
solution,  the  latter  furnishes  a  separation  of  copper  in  acetic 
acid  solution;  in  both  cases  the  organic  copper  compounds 
are  suitable  for  direct  weighing  in  either  macro-  or  micro- 
analytical  procedures  because  of  the  high  purity  and  definite 
composition  of  the  precipitates.  With  both  reagents  there 
are  produced  inner  complex  copper  salts  corresponding  to 
Formulas  1  and  2. 

C6H6— CH— C— CeHe 


0 

^/\Cu/2 


Not  only  diacetyldioxime  but  also  numerous  other  syn- 
dioximes  of  the  general  formula  R — C(NOH) — C(NOH) — R 
react  in  the  same  manner. 

As  nickel  reagents,  benzildioxime,  CeH5 — C(NOH) — C- 
(NOH) — CelR,  was  recommended  by  Atack  (4)  and  the  more 
soluble  furildioxime,  C4H30— C(NOH)— C(NOH)— CJRO, 
was  recommended  by  Soule  {111).  It  appears  at  first,  there¬ 
fore,  to  be  merely  the  atomic  group 

— C - C— 

HON  JlOH 


(2) 

C 

H 

It  has  been  shown  that  the  atomic  groupings  active  in 
forming  the  complex  compounds  1  and  2,  — C(OH) — 
C(NOH) —  and 

fY°H 

^  \C=N0H 


which  is  responsible  for  the  specificity  for  nickel;  that  this 
is  true  only  to  a  limited  extent,  however,  is  shown  by  the 
behavior  of  the  dioximes, 


^Nnoh 

Jnoh 


and 


NOH 

/X/Xnoh 

\/\J 


In  these  dioximes  the  specific  activity  of  the  dioxime  groups 
has  been  lost.  The  compounds  behave  as  dibasic  acids  and 
yield  yellow  precipitates  with  almost  all  metal  ions  in  neutral 
solutions.  The  aromatic  ring,  therefore,  destroys  the  specific 
activity  of  the  two  oxime  groups.  The  nickel  specificity  re¬ 
turns,  however,  when  the  double  bonds  of  the  aromatic  rings 
have  been  removed  as  is  shown  by  the  behavior  of  cyclo- 
hexanediondioxime 


CH2 

h2c/\noh 


are  responsible  for  the  formation  of  the  green  or  bright  yellow- 
green  Cu(ll)  salts  and  that  this  function  is  quite  independent 
of  the  other  groups  attached  to  the  molecule  (28).  Com¬ 
paring  the  activity  of  benzoinoxime  with  the  other  acyloinox- 
imes  of  the  general  formula  R — CH(OH) — C(NOH) — Ri,  it 
is  found  that  for  the  formation  of  green  insoluble  copper  salts 
the  OH —  and  NOH —  groups  in  a-positions  are  necessary. 

The  green  copper  salts  are  stable  towards  ammonia,  how¬ 
ever,  only  if  there  are  also  present  in  the  molecule  atomic 
groupings  capable  of  occupying  the  free  coordination  positions 
of  the  copper  atoms  (Formula  1).  Accordingly,  cyclo- 
hexanolonoxime,  for  example,  yields  a  green  water-insoluble 
copper  salt  of  the  formula 


CH2  O 


ch2  n 


A 


H.Cl^yNOH 

CH2 

This  compound,  described  by  Wallach  {122),  yields  a  nickel 
salt  which  can  be  differentiated  from  nickel  diacetyldioxime 
only  with  difficulty;  it  is  produced  under  the  same  conditions 
and  it  can  be  used  analytically  in  the  same  manner. 

The  dioxime  just  referred  to  also  shows  that  the  insolubility 
of  the  nickel  compound  is  in  no  way  related  to  the  insolubility 
of  the  reagent  in  water,  for  cyclohexanediondioxime,  in 


which  is,  however,  soluble  in  ammonia. 

The  use  of  benzoinoxime  as  a  specific  reagent  for  copper 
has  been  pointed  out;  this  reagent  also  precipitates  copper 
from  an  ammoniacal  solution  in  the  presence  of  tartrate  or 
glycerol,  making  possible  the  separation  of  copper  from  alumi¬ 
num,  iron,  and  other  metal  ions  precipitated  by  ammonia. 
In  mineral  acid  solution  the  precipitation  of  copper  is  im¬ 
possible.  Copper  benzoinoxime  is  also  soluble  in  mineral 
acids.  On  the  other  hand,  according  to  Knowles  (75), 
benzoinoxime  is  able  to  separate  quantitatively  molybdenum, 
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tungsten,  and  vanadium,  the  procedures  being  useful  ana¬ 
lytically.  However,  a  true  salt  of  molybdenum  or  tungsten 
with  benzoinoxime  is  not  produced,  but  probably  only  addi¬ 
tion  compounds  between  molybdic  or  tungstic  acid  and 
benzoinoxime  of  the  nature  of  the  so-called  heteropoly  acids. 
Salicylaldoxime,  which  precipitates  copper  quantitatively  in 
an  acetic  acid  solution,  also,  according  to  Holzer  (70), 
separates  palladium,  but  not  platinum,  quantitatively  from 
acid  solution,  the  precipitate  also  being  suitable  for  weighing. 
Both  of  the  reagents  mentioned  therefore  are  not  limited  to 
one  element  in  their  activity.  Such  reagents  are  designated 
as  specific  reagents  and  are  differentiated  from  the  so-called 
special  reagents — that  is,  those  which  are  characteristic  for 
a  single  substance.  It  should  be  noted  that  only  a  very  few 
special  reagents  are  available.  However,  in  numerous  cases 
through  a  choice  of  suitable  experimental  conditions  a  limita¬ 
tion  of  the  activity  of  a  specific  reagent  may  result  and  the 
practical  effects  of  a  special  reagent  be  achieved. 

In  a  review  of  the  specific  activity  of  definite  atomic  group¬ 
ings  mention  must  be  made  of  the  cobalt  reagent,  a-nitroso- 
/3-naphthol,  described  by  Illinsky  and  von  Knorre  (71), 
which  forms  a  reddish  brown  inner  complex  cobalt  (III) 
salt 

0=N - Co/3 

I  II  I 

\/\/ 

and  which  is  one  of  the  oldest  organic  precipitation  reagents 
known.  Also  the  isomeric  /3-nitroso-a-naphtholate  of  cobalt 
possesses  an  inner  complex  character  which  in  color  and  solu¬ 
bility  is  inappreciably  different  from  the  compound  first  men¬ 
tioned.  Both  cobalt  nitroso  compounds  have,  until  recently, 
been  used  merely  as  precipitants,  since  the  cobalt  precipitates 
formed  in  acetic  acid  solutions  do  not  have  the  theoretical 
composition.  Recently  Mayr  and  Feigl  (88)  have  succeeded, 
by  converting  the  cobalt  into  the  trivalent  state  before  precipi¬ 
tation,  in  obtaining  a  pure  Co(III)-nitrosonaphtholate  which 
after  drying  is  suitable  for  weighing,  and  furnishes,  therefore, 
a  direct  determination  of  cobalt.  That  the  inner  complex¬ 
forming  groups  are  responsible  for  the  cobalt  affinity  of  both 
of  the  nitrosonaphthols  is  shown  by  nitroso  R-salt, 

N — OH 


sensitive  detection  of  zirconium.  A  recent  investigation  by 
Mayr  (87)  has  shown  that  «-nitro-/3-naphthol  may  likewise 
be  used  for  the  separation  and  determination  of  cobalt. 
Undoubtedly  this  again  involves  the  formation  of  an  inner 
complex  trivalent  cobalt  salt. 

Insoluble  inner  complex  salts,  in  which  the  organic  com¬ 
ponent  possesses  the  character  of  a  dyestuff,  as  in  the  pre¬ 
viously  mentioned  nitrosonaphtholates,  are  called  color 
lakes.  The  color  lakes  of  alizarin  and  other  hydroxyan- 
thraquinones  possess  considerable  analytical  significance. 
Atack  (5)  was  the  first  to  point  out  that  aluminum  could  be 
detected  with  great  sensitivity  by  means  of  the  red  color 
formed  with  alizarin-S  (alizarin  sulfonic  acid).  This  is  a 
question  again  of  the  formation  of  an  inner  complex  salt 
corresponding  to  the  coordination  formula 


Al/3 

O  O 


Atack,  Underhill  and  Petermann  (119),  and  Yoe  and  Hill 
(124)  applied  the  alizarin  reaction  to  the  colorimetric  deter¬ 
mination  of  aluminum.  Quinalizarin 


OH  O  OH 


also  forms  lakes,  and  Fischer  (50)  has  recommended  the  beryl¬ 
lium  lake  of  quinalizarin  for  the  detection  and  determination  of 
beryllium.  The  magnesium  lake  of  quinalizarin,  according 
to  Hahn  (68),  is  suitable  for  the  sensitive  detection  and  for 
the  colorimetric  determination  of  magnesium. 

Finally,  there  should  be  mentioned  aurintricarboxylic  acid, 
the  yellow  solution  of  which  gives  a  red  aluminum  lake, 
probably  corresponding  to  the  coordination  formula 


'TlO — ^>— \C=- 

^HOOcf  / 


u-/173 


A 


recommended  by  van  Klooster  (78)  as  a  cobalt  reagent,  as 
well  as  the  behavior  of  2-isonitroso-l-ketotetralin 


O 


/V^\c=NOH 

ch2 


investigated  by  Strauss  and  Ekkard  (113).  The  latter  com¬ 
pound  behaves  toward  cobalt  salts  in  the  same  manner  as  the 
nitrosonaphtholates.  Iron  and  palladium  are  also  precipitated 
as  inner  complex  salts  by  nitrosonaphthol  and  by  this  means 
may  be  separated  from  the  similar  elements  aluminum  and 
platinum.  It  is  to  be  noted  that  in  acid  solution  zirconium 
yields  with  the  isomeric  nitrosonaphthols  insoluble  zirconyl 
compounds,  (CioHsCkNMZrO),  of  which  that  with  the  a-form 
is  colored  green-yellow,  that  with  the  (3-form,  red.  The 
latter  is  recommended  by  Bellucci  and  Savoia  (7)  for  the 


Aurintricarboxylic  acid  was  recommended  as  an  aluminum 
reagent  by  Hammett  and  Sottery  (65)  and  was  later  used  by 
Winter  and  co-workers  (123)  and  by  Roller  (105)  for  the 
colorimetric  determination  of  aluminum. 

There  should  also  be  emphasized  the  lake  which  aluminum 
forms  with  the  dyestuff  of  fustic  wood,  the  so-called  morin. 


observed  by  Goppelsroeder  (59).  The  reagent  produces  with 
aluminum  salts  in  neutral  or  acetic  acid  solution  an  intense 
green  fluorescence,  which  is  due  to  a  neutral  aluminum  salt 
of  morin,  ARCuHgO?^,  in  colloidal  solution,  and  makes 
possible  the  recognition  of  0.005  y  of  aluminum  (29,  108). 
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Although  the  morin  reaction  is  the  only  fluorescent  reaction 
of  metals  with  organic  compounds  used  analytically  up  to 
the  present  time,  it  is  expected  that  still  other  examples  will 
be  found. 

The  ammonium  salt  of  nitrosophenylhydroxylamine, 
C6H5N(NO)ONH4,  recommended  by  Baudisch  ( 6 )  in  1909 
has  been  very  widely  used.  This  compound  retains  the  name 
“cupferron,”  because  it  was  first  shown  to  be  very  suitable 
for  the  separation  of  copper  and  iron  from  numerous  other 
metals.  Here  also,  an  inner  complex  salt  is  formed  according 
to  the  formula 

^>-  -N - N 


Me 


Later  it  was  shown,  especially  by  American  investigators, 
that  with  control  of  the  conditions  of  precipitation,  a  series 
of  otherwise  difficult  separations  of  various  metals  can  be 
effected  and  appreciably  simplified.  Thus  the  precipitation 
of  thorium  (116)  and  the  separation  of  gallium  (93)  from  Al, 
Cr,  In,  Ce,  and  U,  of  uranium  (69)  from  Al,  Zn,  Ca,  and  Mg, 
of  bismuth  (96)  from  As  and  Sb,  of  tin  (54,  95)  from  Co,  Ni, 
Zn,  Mn,  As,  Pb,  and  Sb,  and  finally  the  separation  of  zir¬ 
conium  (15)  from  Al  have  all  been  made  possible  by  cupferron. 
In  all  these  reactions  there  are  again  formed  inner  complex 
salts  with  the  metal  ion  precipitated.  These  compounds  are 
suitable  forms  in  which  to  precipitate  the  metal,  but  are  not 
satisfactory  for  weighing  because  the  metallic  compound  is 
always  contaminated  with  some  of  the  reagent  which  is  in¬ 
soluble  in  water.  The  solubility  in  water  (or  in  ammonia, 
alkalies,  or  acids)  plays  an  important  role  in  the  practical 
use  of  organic  reagents,  especially  for  quantitative  purposes. 
When  an  alcoholic  or  acetone  solution  of  an  organic  reagent 
is  added  to  an  aqueous  solution  the  problem  is  always  com¬ 
plicated  by  the  danger  that  the  reagent  will  be  thrown  out  as 
such  by  the  water,  thus  contaminating  the  precipitate,  from 
which  it  can  be  removed  only  with  difficulty.  In  such  cases 
the  conversion  of  the  precipitate  into  a  form  suitable  for 
weighing,  through  ignition  or  other  treatment,  is  necessary; 
the  essential  advantage  of  a  low  percentage  of  the  determined 
material  in  the  weighed  precipitate  is,  however,  then  lost. 

An  example  of  an  organic  reagent  forming  inner  complex 
compounds  which  have  a  satisfactory  solubility  and  the 
theoretical  composition  is  8-hydroxyquinoline.  This  com¬ 
pound,  which  goes  under  the  commercial  name  of  “oxine,” 
was  introduced  into  analytical  practice  by  F.  L.  Hahn  (1926) 
and  by  R.  Berg  (1927).  Oxine  is  very  soluble  in  alcohol  and 
acetic  acid  and  with  numerous  metals  yields  insoluble,  for 
the  most  part  brightly  colored,  inner  complex  salts  corre¬ 
sponding  to  the  coordination  formula 


(i 

or 

I  N 

I  I 

O— Me 


N 
0— Me 


The  metal  salts  of  oxine  as  a  rifle  may  be  dried  at  105 0  to 
140°  C.  and  weighed.  The  phenolic  nature  of  the  reagent, 
moreover,  makes  possible  a  volumetric  and  a  colorimetric 
determination,  the  former  through  bromination  of  the  oxine 
with  the  formation  of  5,7-dibromo-8-hydroxyquinoline,  the 
latter  through  the  color  reaction  with  phosphotungstomolyb- 
dic  acid,  according  to  Folin  and  Denis  (52),  or  through 
the  coupling  of  the  oxine  with  diazo  compounds  in  alka¬ 
line  solution.  These  volumetric  and  colorimetric  deter¬ 
minations  may  be  carried  out  either  on  the  solution  of  the 
purified  oxinate  in  acid  or  on  the  excess  of  reagent.  With 


oxine,  too,  the  formation  of  inner  complex  salts  depends  on 
the  atomic  groupings  as  set  forth  in  the  coordination  rules 
already  given;  accordingly  the  halogen  derivatives  of 
hydroxyquinoline  such  as  5,7-dichloro-  and  5,7-dibromo- 
hydroxyquinoline  are  suitable  for  analytical  purposes  and 
even  present  certain  advantages  over  the  parent  compound. 
Although  hydroxyquinoline  reacts  with  numerous  metals, 
the  reagent  can  be  utilized  in  the  solution  of  numerous  prob¬ 
lems  in  gravimetric  analysis  if  control  is  exercised  over  the 
conditions  of  precipitation  (8). 

Two  o-aminocarboxylic  acids  able  to  form  inner  complex 
compounds,  which  have  been  adapted  recently  to  the  pur¬ 
poses  of  gravimetric  analysis,  are  anthranilic  and  quinaldinic 
acids.  By  means  of  anthranilic  acid  Funk  (53)  and  co- 
workers  have  carried  out  a  series  of  gravimetric  determinations 
of  divalent  metals  and  have  shown  that  through  the  bromo- 
metric  determination  of  anthranilic  acid  a  volumetric  deter¬ 
mination  of  the  metal  is  possible.  Quinaldinic  acid  was  used 
by  Ray  and  Bose  (99)  for  the  gravimetric  determination  of 
copper,  cadmium,  and  zinc.  In  the  analytical  use  of  anthra¬ 
nilic  and  quinaldinic  acids  inner  complex  salts  are  formed  ac¬ 
cording  to  the  formulas 


\/\y 

N 


-C=0 


'Me/2 — 6 


Of  organic  reagents  in  which  a  sulfur  atom  is  involved  in  the 
formation  of  inner  complex  compounds,  there  should  first 
be  mentioned  dithizone,  thionalide,  and  rubeanic  acid. 
Dithizone  is  the  commercial  name  of  a  compound  easily 
obtained,  diphenylthiocarbazone, 

N=N— C6Hs 
SCx 

\NH— NH— C6H5 


investigated  by  Fischer  (51),  which  reacts  with  numerous 
metals  partly  in  the  keto  form  as  written,  partly  in  the  enol 
form 

N=N— C6H5 

TT«__n/ 

-NH— C6H5 

Derived  from  either  the  keto  or  the  enol  form,  inner  complex 
salts  result  corresponding  to  the  coordination  formulas 


C6Hs 
N  N/ 

SC/  >Me 


NH  N\ 

CeHs 


C9H5 


N  N/ 

c/Ijalfi-'Me 

V// 

N  N\ 


C.H6' 
N  N/ 

SC^  yMe 

NN\ 

CeH5. 


X 


The  first,  produced  in  acid  or  neutral  solution,  is  com¬ 
pletely  insoluble  in  water,  although  easily  soluble  in  organic 
solvents,  yielding  intensely  colored  solutions;  the  latter  form 
is  preferred  for  univalent  metals,  and  is  equally  insoluble  in 
water  but  also  insoluble  in  organic  solvents.  In  spite  of  the 
lack  of  specificity  in  its  action,  by  standardization  of  the 
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reaction  conditions,  dithizone  furnishes  numerous  sensitive 
and  important  tests  and  colorimetric  quantitative  procedures. 

Thionalide  is  the  commercial  name  of  thioglycollic  acid 
/3-aminonaphthalide,  HSCH2CO-NHCioH7,  recommended 
by  Berg  and  Roebling  (10)  as  an  analytical  reagent.  It  is 
capable  of  forming  inner  complex  salts  corresponding  to  the 
coordination  formula 


CO  CH2 


In  neutral  solutions  thionalide  reacts  as  a  derivative  of 
hydrogen  sulfide  with  all  heavy  metals  which  are  precipitated 
by  the  sulfide  ion.  Noteworthy  is  the  precipitation  of  metal 
ions  from  mineral  acid  solution;  all  metal  ions  up  to  Cd(II) 
and  Pb(II)  are  separated  in  the  form  of  yellow  or  white 
precipitates.  Although  the  depth  of  color  of  the  heavy  metal 
sulfides  is  not  carried  over  in  spite  of  the  sulfur  linkage,  the 
sensitivity  of  the  reaction  is  far  greater  than  that  of  the  sul¬ 
fide  precipitation.  For  example,  in  5  ml.  of  solution  arsenic 
can  be  identified  in  a  dilution  of  1  to  100,000,000  by  the 
formation  of  a  white  precipitate.  With  thionalide  also  much 
of  the  difficulty  due  to  its  lack  of  specificity  may  be  overcome 
by  control  of  the  conditions  of  precipitation — for  example, 
by  precipitating  from  mineral  acid  solution,  or  from  alkaline 
solutions  containing  tartrate  or  cyanide.  Of  particular  value 
is  the  reaction  with  thallium  in  alkaline  solutions  containing 
tartrate  or  cyanide,  which  is  very  specific  and  sensitive  to  a 
dilution  of  1  to  10,000,000. 

Thionalide  also  affords  certain  quantitative  determinations. 
The  copper  and  mercury  salts  may  be  isolated  as  such  and 
after  drying  at  105°  are  suitable  for  weighing;  moreover,  the 
organic  component  of  the  precipitate  may  be  determined 
iodometrically  after  removal  of  the  excess  reagent  and  the 
metal  content  calculated  accordingly.  Thioglycollic  acid, 
the  parent  compound  of  thionalide,  has  been  recommended 
by  Lyons  (85)  for  the  colorimetric  determination  of  small 
amounts  of  iron;  it  also  shows  the  property  characteristic 
of  thionalide  of  forming  insoluble  inner  complex  salts.  The 
effect  of  the  amino  group  introduced  into  the  series  thio¬ 
glycollic  acid-thioglycollic  acid  analide-thioglycollic  acid- 
/3-ammonaphthalide  is  shown  by  the  increasing  insolubility 
of  the  metal  salts  (9) .  Rubeanic  acid  has  recently  been  recom¬ 
mended  by  Ray  and  Ray  (100,  101 )  as  a  qualitative  reagent 
for  copper,  cobalt,  and  nickel.  This  compound,  which  is  the 
diamide  of  dithioxalic  acid,  exists  in  solution  in  equilibrium 
with  its  tautomeric  (aci),  diimido,  form,  according  to 


SC— NH2 

si— nh2 


HS — C=NH 
HS — i=NH 


2H+  + 


"S— C=NH' 
S — i=NH_ 


The  acid  form  yields  colored  insoluble  nickel,  cobalt,  and 
copper  salts  corresponding  to  inner  complex  compounds  of  the 
formula 


C  C 


HN^1 
1  S‘ 


X/1 


Xhn 
s 


1  — -Me—' 


These  complex  salts  are  produced  when  the  concentration  of 
the  aci  form  of  the  rubeanic  acid  is  so  great  that  the  solubility 
product  of  the  rubeanate  formed  is  exceeded;  as  is  seen  from 
the  above  equation,  this  occurs  when  the  hydrogen-ion  con¬ 
centration  is  diminished  by  the  addition  of  sodium  acetate, 
ammonium  acetate,  or  alkalies.  The  copper,  nickel,  and 
cobalt  compounds,  precipitated  quantitatively  from  strongly 
ammoniacal  solution,  when  once  formed,  are  insoluble  in 
dilute  mineral  acids;  this  is  in  harmony  with  the  idea  that 
these  compounds  are  inner  complex  salts.  The  stability  of 


these  salts  is  exceeded  only  by  the  stability  of  the  corre¬ 
sponding  cyanide  complexes,  as  is  shown  by  the  facts  that  the 
rubeanate, s  are  soluble  in  potassium  cyanide  solutions  and  are 
not  precipitated  from  solutions  containing  cyanide.  The 
sensitivity  of  the  detection  of  copper,  nickel,  and  cobalt  by 
means  of  rubeanic  acid  is  very  high;  in  the  form  of  a  spot 
reaction  as  little  as  0.006  7  of  copper,  0.012  7  of  nickel,  and 
0.03  7  of  cobalt  can  be  detected.  In  a  mixture  of  these  three 
metals,  the  identification  is  still  possible  by  means  of  a 
capillary  separation  procedure  and  in  this  manner  0.057  of 
copper  can  be  recognized  in  the  presence  of  20,000  times  as 
much  nickel  (48) . 

A  compound,  capable  of  forming  inner  complex  salts  of 
high  sulfur  content  with  heavy  metals,  is  2,5-dimercap- 
tothiodiazol,  discovered  by  Dubsky  and  co-workers  (20). 
This  compound,  functioning  according  to  the  tautomeric 
equilibrium 


N— N 


HS— C  C— SH 

Y 


HN— N 

I  II 

S=C  C— SH 


Y 


reacts  in  the  mercapto  form  with  numerous  metals,  forming 
inner  complex  salts  of  the  following  form: 

HN - C=S 

S<( _ /Me 

N=C  S 

Of  particular  interest  is  the  color  of  the  bismuth  salt,  which 
is  deep  red  in  contrast  to  the  colors  of  other  metal  salts  which 
are  white  to  yellow.  Here  again  the  specificity  caused  by  the 
difference  in  color  is  based  on  the  formation  of  an  inner  com¬ 
plex  ring  as  pictured  above,  and  it  is  independent  of  the  groups 
which  can  be  easily  introduced  in  place  of  the  imino  hydrogen 
atom. 


Specificity  in  Normal  Salts 

So  far  only  those  reagents  have  been  mentioned  which, 
because  of  the  neighboring  position  of  the  salt-forming  and 
coordinating  groups,  have  offered  the  possibility  of  forming 
the  so-called  inner  complex  salts.  As  pointed  out,  such  inner 
complex  compounds  are  frequently  characterized  by  an 
abnormal  solubility  and  by  a  deep  coloration.  These  two 
properties  frequently  contribute  a  high  sensitivity  to  methods 
for  the  detection  and  determination  of  metals  but,  on  the 
other  hand,  at  times  leave  something  to  be  desired  with 
respect  to  specificity.  This  is  readily  understood,  inasmuch  as 
the  ability  of  nitrogen,  oxygen,  and  sulfur  atoms  to  coordinate 
in  the  formation  of  inner  complex  salts  is  not  specific  in  action 
but  is  exerted  toward  numerous  metal  atoms,  as  is  shown  by 
numerous  examples  in  that  great  class  of  substances,  the 
ammines  and  aquo  compounds. 

In  attempting  to  arrive  at  a  state  in  which  the  greatest 
possible  number  of  specific  reagents  is  available,  those  organic 
compounds  which  are  merely  capable  of  forming  normal 
heteropolar  salts  should  also  be  investigated  for  their  analyti¬ 
cal  applications.  Actually  such  compounds  are  frequently 
highly  specific  in  their  activity.  Thus  it  has  long  been  known 
that  arsenic  acid  precipitated  white  insoluble  zirconium  arse¬ 
nate  from  zirconium  salts  in  solutions  strongly  acid  with  nitric 
or  hydrochloric  acids.  Rice,  Fogg,  and  James  (103)  were  the 
first  to  find  that  this  property  of  arsenic  acid  was  also  char¬ 
acteristic  of  organic  derivatives  of  arsenic  acid — for  example, 
phenylarsonic  acid.  This  acid  makes  possible  the  determina¬ 
tion  of  zirconium  and  its  separation  from  titanium  and 
calcium.  Thorium,  which  is  very  similar  to  zirconium,  is 
precipitated  by  phenylarsonic  acid  only  in  solutions 


406 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


YOL.  8,  NO.  6 


buffered  with  acetate;  this  makes  possible  the  determination 
of  zirconium  and  thorium  in  the  presence  of  each  other  by  the 
same  reagent.  That  the  — AsO(OH)2  group  alone  is  respon¬ 
sible  for  the  activity  of  the  organic  derivatives  of  arsenic  acid 
has  been  proved  by  Arnold  and  Chandlee  (3)  who  showed 
that  n-propylarsonic  acid  was  equally  satisfactory  as  a  reagent 
for  the  quantitative  estimation  of  zirconium.  It  should  be 
noted  that  p-n-butylphenylarsonic  acid  also  precipitates  iron 
quantitatively  (17). 

Phenylarsonic  acid,  in  which  substitutions  have  been  made 
in  various  positions  and  in  various  manners,  has  been  shown 
by  Feigl  and  his  co-workers  to  function  just  as  the  parent 
compound  (27,  46).  This  made  possible  the  introduction  of  a 
group  which  contributed  color  to  the  molecule  with  subsequent 
improvement  in  the  sensitivity  of  the  reaction.  An  example 
of  this  is  p-dimethylbenzeneazophenylarsonic  acid  (27,  46)  by 
means  of  which  0. 1 7  of  zirconium  can  be  detected  by  a  spot 
reaction.  Further  examples  of  the  specific  activity  of  more 
simply  built  organic  compounds  are  indicated  by  the  salt¬ 
forming  properties  of  sulfinic  acid,  RS02H,  and  the  analogous 
seleninic  acid,  RSe02H.  It  has  been  long  known  (1 15)  that 
benzenesulfinic  acid  and  ferric  salts  in  mineral  acid  solutions 
yield  a  difficultly  soluble,  orange-yellow  precipitate  of  the 
formula  FeCCkSCdDs-  Other  aromatic  sulfinic  acids  behave 
in  a  similar  manner,  substitution  in  the  aromatic  nucleus 
having  no  effect.  The  analogous  aromatic  seleninic  acids, 
according  to  Feigl  and  Anger  (88),  also  form  insoluble  yellow 
ferric  salts.  This  same  work  has  also  shown  that  tin  (IV), 
ceric  (IV),  thorium  (IV),  and  uranium  (IV)  salts  are  precipi¬ 
tated  in  strongly  acid  solutions  by  sulfinic  and  seleninic  acids. 
The  sulfinic  and  seleninic  acids, therefore,  exhibit  a  noteworthy 
specificity  in  action  and  this  activity  is  again  localized  in 
particular  groups.  In  contrast  to  the  arsonic  acids  mentioned 
previously,  in  which  it  was  irrelevant  whether  the  arsonic 
group  was  coupled  with  aromatic  or  aliphatic  residues,  a 
direct  combination  of  the  sulfinic  or  seleninic  groups  with  an 
aromatic  ring  is  necessary  (38) .  Of  the  compounds  C6H5S02H, 
C6H5CH2S02H,  and  CeHnSChH,  only  the  first  has  the  power 
of  precipitating  the  above  metal  ions  from  acid  solution. 

According  to  experiments  to  be  reported  later,  it  seems 
possible  to  use  sulfinic  acid  for  the  quantitative  macro-  and 
microdetermination  of  the  metals  mentioned  above  (as  well 
as  for  molybdenum  and  tungsten)  and  for  their  separation 
from  other  metals. 

A  further  example  of  the  specific  action  of  certain  atomic 
groupings  in  which  no  complex  formation  is  involved  is  the 
heterocyclic  compound  rhodanine 

HN  CO 


sc^v/ch2 

S 


the  violet  silver  salt  of  which  permits  the  identification  of 
silver  in  a  dilution  of  1  to  5,000,000,  the  most  sensitive 
method  known  for  silver  up  to  the  present  time  (36).  p-Di- 
methylaminobenzalrhodanine  has  the  advantage  of  yielding 
an  insoluble  silver  salt  but  the  disadvantage  that  the  reagent 
must  be  used  in  alcohol  or  acetone  solution.  Accordingly  the 
reagent  is  excellent  for  qualitative  purposes  but  is  not  usable 
for  gravimetric  determinations,  because  the  reagent  is 
thrown  down  by  water  and  cannot  be  quantitatively  removed 
from  the  precipitate  of  silver  salt.  A  survey  of  the  possibilities 
of  improving  the  reagent  shows,  however,  that  rhodanine 
also  condenses  with  sulfonated  aldehydes — for  example,  with 
o-benzaldehydesulfonic  acid  yielding  a  sulfonated  benzal- 
rhodanine  which  is  readily  soluble  in  water,  alkalies,  and  acids 
(38). 

Among  the  organic  heavy  metal  compounds  which  do  not 
belong  to  the  group  of  inner  complex  compounds  must  be 
mentioned  the  cadmium  salt  of  mercaptobenzothiazole 


According  to  Spacu  and  Kuras  (112)  this  compound  is  pro¬ 
duced  by  precipitation  from  an  ammoniacal  cadmium  solution 
with  mercaptobenzothiazole  in  the  form  of  a  yellow  precipitate 
which  is  sufficiently  pure  to  permit  direct  weighing  in  gravi¬ 
metric  work.  The  reagent  is  of  particular  value  for  the  separa¬ 
tion  of  cadmium  from  copper,  since  copper  is  precipitated  in 
acid  solution,  cadmium  being  determined  quantitatively  in 
the  filtrate  from  the  copper  precipitate. 

Even  among  the  alkali  and  alkaline  earth  metals  the  for¬ 
mation  of  normal  salts  may  make  possible  a  differentiation  of 
similar  metals,  as  shown  by  the  following  examples.  By 
means  of  rhodizonic  acid 

CO 

oc/^c— OH 

Ocl  ,C — OH 
CO 

barium  and  strontium  may  be  detected  in  the  presence  of 
magnesium  and  the  alkali  metals  .according  to  Feigl  (25), 
and  by  maintaining  certain  experimental  conditions  barium 
may  also  be  identified  in  the  presence  of  calcium  and  stron¬ 
tium,  and  strontium  in  the  presence  of  barium  and  calcium. 
A  satisfactory  reagent  for  gravimetric  analysis  has  been  found 
in  picrolonic  acid 


and  its  derivatives,  which  were  investigated  by  Feigl  (30). 
The  imino  hydrogen  atom  of  rhodanin  is  replaceable  by  silver, 
mercury,  gold,  and  palladium,  producing  a  precipitate  of 
yellow  metal  rhodanine  compounds  in  acid  solution.  Because 
of  the  reactivity  of  the  hydrogen  atoms  of  the  CH2  group  in 
the  rhodanine  molecule,  condensation  with  numerous  alde¬ 
hydes  and  ketones  is  possible  and  all  the  derivatives  so  ob¬ 
tained  have  the  same  properties  as  the  parent  compound 
with  respect  to  its  precipitating  ability.  Thus,  by  the  intro¬ 
duction  of  a  chromophore  group,  colored  silver  salts  can  be 
obtained.  Such  a  reagent  is  p-dimethylaminobenzalrhodanine 


HN  CO 


^-N(CH3)2 


N  C— CH3 


C  C— OH 

I 

no2 


which  forms  insoluble  salts  of  high  molecular  weight  and  of 
definite  composition;  the  reagent  was  first  recommended  by 
Kisser  (72)  for  the  microchemical  identification  of  potassium 
and  has  since  been  used  for  the  gravimetric  estimation  of 
potassium  (120),  calcium  (2,  21),  lead  (66),  and  thorium  (67). 
According  to  Poluektoff  (97)  potassium  can  be  identified  by 
means  of  the  water-soluble  sodium  salt  of  p-dipicrylamine, 
owing  to  the  formation  of  an  orange-yellow  precipitate  of 
the  following  formula: 
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This  reaction  is  specific  for  potassium  in  the  presence  of  the 
elements  of  groups  4  and  5,  with  the  exception  of  rubidium  and 
cesium,  and  only  large  amounts  of  ammonia  must  be  pre¬ 
viously  removed.  The  identification  of  the  NH4  group  is  now 
possible  by  direct  salt  formation.  This  is  by  means  of  the 
sensitive  reaction  proposed  by  Riegler  {104)  involving  p- 
nitrodiazobenzene 

o2n— <(  ^>— n8ci 

and  alkali  yielding  the  red  ammonium  salt  of  p-nitrophenyl- 
nitrosamine 

02y— /  ^>— N=N— ONIL 

Only  slightly  investigated  from  an  analytical  viewpoint 
up  to  the  present  time  are  the  reactions  of  complex  metallic 
acids  with  organic  bases.  A  few  examples  will  indicate  that 
this  field  is  capable  of  expansion:  (Bil4)_  is  precipitated  by 
cinchonine  (84)  and  oxine  (11),  [Cd(CNS)4]  is  precipitated 
by  pyridine  (107),  and  cadmium  can  be  determined  volu- 
metrically  by  means  of  /3-naphthoquinoline  (11).  Recently 
Krumholz  and  Krumholz  (80)  discovered  a  specific  and  sensi¬ 
tive  test  for  zinc  in  the  reaction  of  a  basic  styryl  dye  with 
[Zn(CNS)4]  . 

Finally  it  must  be  pointed  out  that  normal  salt  formation 
with  organic  compounds  plays  an  important  role  in  the 
identification  and  estimation  of  anions.  Well  known  are  the 
gravimetric  and  volumetric  methods  for  the  determination  of 
sulfate  and  tungstate  by  means  of  the  organic  base  benzidine 
(74,  94)  and  of  nitrate  by  the  base  nitron  (16).  The  latter  has 
recently  been  applied  by  Geilmann  and  Voigt  (56)  to  the 
gravimetric  determination  of  perrhenate.  The  salt  formation 
with  methylene  blue  is  the  basis  of  the  best  macro-  and 
microdetermination  of  perchlorate  (14),  and  Allen  and  Fur¬ 
man  (1)  have  recently  recommended  triphenyl  tin  chloride, 
(CeHs^SnCl,  for  the  gravimetric  determination  of  fluorine, 
the  insoluble  fluoride  having  the  nature  of  a  normal  salt. 

Neutral  Constituents  in  Complex  Salts  and 
Adsorption  Compounds 

All  the  organic  reagents  mentioned  previously,  because  of 
their  acidic  character  or  the  additional  presence  of  groups 
possessing  residual  valence,  have  had  the  power  of  forming 
normal  salts  or  inner  complex  salts.  Experience  shows, 
however,  there  are  many  compounds  of  useful  nature  which 
do  not  possess  hydrogen  atoms  replaceable  by  metals,  but 
which,  by  means  of  secondary  valence  forces  alone  are  able 
to  form  addition  products  with  inorganic  compounds.  This 
addition  to  the  metal  of  one  or  more  molecules  of  the  organic 
reagent  as  a  “neutral  constituent”  may  produce  insoluble  or 
characteristically  colored  complex  compounds.  Of  this  type 
of  reaction  we  have  all  too  few  examples.  Thus,  a,a'-dipyridyl 
(I)  and  a,a'-phenanthroline  (II)  were  found  by  Blau  (13) 
to  yield  with  ferrous  salts  the 


II  III 


intense  red,  water-soluble  complex  ion  (III)  which  is  stable 
toward  dilute  acids.  This  complex  belongs  to  the  hexam- 
mine  type,  since  the  six  coordination  positions  of  the  iron  atom 
are  occupied  by  the  nitrogen  atoms  of  the  three  molecules  of 
the  organic  base.  Of  especial  interest  is  the  great  sensitivity 
and  stability  of  the  ferrous  dipyridyl  and  ferrous  phenan- 
throline  reactions,  by  means  of  which  it  is  possible  to  detect 
even  traces  of  ferrous  salts  (and  therefore  ferric  by  reduction). 
The  reactions  have  been  made  the  basis  of  a  very  sensitive 
colorimetric  determination  of  iron  by  Feigl  and  Hamburg 
(42)  but  the  procedure  is  difficult  to  carry  out.  In  both  re¬ 
agents  the  activity  is  due  to  the  presence  of  the  group 


but  the  activity  of  this  group  is  appreciably  influenced  by 
substitution  in  the  aromatic  ring,  as  is  shown  by  the  examples, 
6,6'-dimethyl-2,2'-dipyridyl  (I),  6,6'-diamino-2,2'-dipyridyl 
(II),  and  2(2-pyridyl)-quinoline  (III). 


In  spite  of  the  apparently  minor  substitution,  these  com¬ 
pounds  are  incapable  of  forming  the  red  ferrous  complex. 
It  should  be  observed  that  a,a'-dipyridyl  and  a,a'-phen- 
anthroline  also  form  addition  compounds  with  other  metals, 
although  in  acid  solution  a  color  reaction  occurs  only  with 
iron  and  to  a  slight  extent  with  copper,  cobalt,  and  nickel 
ions.  A  great  excess  of  reagent  should  be  added,  if  necessary, 
in  the  identification  or  determination  of  iron  in  the  presence  of 
the  metals  mentioned. 

A  very  characteristic  example  of  the  activity  of  an  organic 
reagent  as  a  neutral  constituent  is  given  by  the  well-known 
potassium  xanthate  reaction  for  molybdenum,  investigated 
by  Malowan  (86)  and  by  Koppel  (79).  There  is  produced  the 
compound  Mo03[SC(SH)(OC2H5)  ]2  in  which  the  xanthic  acid 
functions  as  a  neutral  constituent.  The  activity  here  is 
associated  with  a  definite  atomic  grouping,  for  it  has  been 
shown  that  other  xanthates  react  in  the  same  manner  as 
ethyl  xanthate.  The  activity  of  benzoinoxime  toward  molyb¬ 
dates  and  tungstates,  which  are  precipitated  in  acid  solution 
as  mentioned  earlier,  appears  to  involve  the  addition  of  ben¬ 
zoinoxime  to  molybdic  or  tungstic  acids. 

There  should  finally  be  listed  the  identification  of  sodium 
as  sodium  zinc  uranyl  acetate  (77),  in  which  it  is  assumed 
that  the  cause  of  the  insolubility  is  the  high  molecular  weight 
of  the  compound  [NaZn(U02)3](CH3C00)9-9H20. 

In  all  the  complex  compounds  previously  mentioned  there 
has  always  been  a  stoichiometric  relation  between  the  organic 
component  and  the  metal  atom  involved.  Combinations  of 
organic  components  by  auxiliary  valences  in  nonstoichiometric 
ratios,  such  as  the  so-called  adsorption  compounds,  are  also 
of  importance  in  analytical  chemistry.  The  oldest  known  is 
the  iodine-starch  reaction,  which  is  used  for  the  identification  of 
iodine  and  of  oxidizing  substances  and  has  numerous  applica¬ 
tions  in  volumetric  analysis.  Similar  to  the  starch  reaction  is 
the  colored  adsorption  compound  formed  by  the  action  of 
iodine  or  bromine  on  a-naphthoflavone  (102). 
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The  coloration  of  magnesium  hydroxide  by  various  dyes  or 
alkaline  solutions  of  dyes,  which  is  used  analytically,  is  again 
probably  an  adsorption  phenomenon;  probably  salt  formation 
with  the  dye  occurs  on  the  free  surface  of  the  magnesium 
hydroxide,  as  all  the  dyes  found  to  be  suitable  are  acidic  in 
character.  Recommended  for  the  identification  of  small 
amounts  of  magnesium  are  alkaline  solutions  of  the  dyes 
quinalizarin  (64),  titan  yellow  (76) ,  and  p-nitrobenzeneazo- 
a-naphthol  (27).  There  should  also  be  mentioned  in  this 
connection  the  convenient  differentiation  of  magnesite  from 
dolomite  described  by  Feigl  (35),  based  on  the  coloration  of 
magnesite  by  diphenylcarbazide.  The  phenomena  associated 
with  the  coloration  of  crystalline  and  gelatinous  precipitates 
have  not  yet  been  adequately  investigated,  although  it  is  as¬ 
sumed  that  a  series  of  specific  colorations  may  be  found  for 
use  in  analytical  chemistry. 

Adsorption  compounds  between  inorganic  and  organic 
substances  are  also  applicable  to  quantitative  analysis.  Thus, 
Moser  (92)  has  shown  that  Fe,  Al,  Cr.  Sn,  Zr,  Ti,  and  Th  are 
precipitated  in  acetic  acid  solutions  by  tannin;  and  that 
tungsten  is  quantitatively  precipitated  from  a  sulfuric  acid 
solution  of  a  tungstate  by  tannin.  Apparently  the  precipita¬ 
tion  involves  the  formation  of  adsorption  compounds  between 
tannin  and  the  hydrolysis  products  of  the  metal  salts.  The 
adsorption  compounds  formed  by  certain  organic  dyes  have 
found  important  application  in  volumetric  analysis  as  adsorp¬ 
tion  indicators  which  have  proved  of  excellent  utility  in  the 
determination  of  end  points,  an  application  discovered  by 
K  Fajans  and  later  investigated  by  numerous  other  workers 
(78). 

Organic  Synthesis  Involving  the  Substance 
to  Be  Determined 

Fundamentally  different  in  principle  from  all  the  examples 
previously  considered  for  use  as  analytical  reagents  is 
the  procedure  in  which  the  substance  to  be  identified  or 
determined  is  converted  by  synthesis  into  characteristic 
organic  compounds.  This  conversion  may  be  carried  out  in 
various  ways.  First,  it  may  be  accomplished  by  the  direct 
synthesis  of  an  organic  compound.  An  example  of  this  is 
the  well-known  qualitative  and  quantitative  method  of 
Griess  (60)  for  nitrous  acid,  in  which  sulfanilic  acid  is  diazo- 
tized  by  the  nitrous  acid,  and  then  coupled  with  a-naphthyl- 
amine  with  the  production  of  color.  The  great  variation 
possible  in  the  amine  and  in  the  coupling  component  used  in¬ 
dicates  that  the  formation  of  the  — N=N— -  group  is  essential. 

The  identification  and  determination  of  hydrogen  sulfide 
by  the  synthesis  of  methylene  blue  from  p-aminodimethyl- 
aniline,  hydrogen  sulfide,  and  ferric  chloride,  according  to 
Fischer  (49),  may  also  be  cited.  Further  examples  are  the 
well-known  fluorescein  test  for  bromides,  in  which  red  tetra- 
bromofluorescein  (eosin)  is  formed  (55),  the  identification  of 
sulfurous  acid  by  the  decoloration  of  malachite  green  (121), 
and  the  sensitive  detection  of  boric  acid  by  means  of  hydroxy- 
anthraquinones  (44)  in  which  an  inner  complex  boric  acid  ester 
is  formed.  By  means  of  the  latter  reaction,  through  the 
addition  of  a  0.01  per  cent  solution  of  quinalizarin  in  concen¬ 
trated  sulfuric  acid  to  a  drop  of  the  unknown  solution,  as 
little  as  0.06  y  of  boron  may  be  identified.  Hydrazine  may 
be  detected  by  condensation  with  benzaldehyde  or  even  better 
with  salicylaldehyde  forming  insoluble  aldazines  (31), 
CeHs — CH=N — N=CH — Culls,  and  the  precipitate  may  be 
weighed  directly,  after  purification.  Hydroxylamine  can  be 


converted  to  nickel  diacetyldioxime  by  reaction  with  di- 
acetylmonoxime  and  then  with  a  nickel  salt,  and  identified 
and  estimated  as  such  (48,  68).  Hydroxylamine  may  also 
be  converted  to  yellow  copper  salicylaldoxime  by  reaction 
with  salicylaldehyde  and  copper  acetate  (31)  and  in  this 
manner  be  identified  and  determined  quantitatively  even  in 
the  presence  of  hydrazine  (32) . 

The  activation  of  boric  acid  by  polyvalent  alcohols  such  as 
mannite,  glycerol,  etc.,  has  been  long  known  (12).  The  man- 
nite-  or  glycerol-boric  acid  formed,  in  contrast  to  pure  boric 
acid,  acts  as  a  monobasic  acid  of  such  strength  that  it  liberates 
carbon  dioxide  from  carbonates  and  may  be  titrated  directly 
using  phenolphthalein  as  indicator.  This  synthesis  of  boric 
acid  complexes  with  polyvalent  alcohols,  the  constitution 
of  which  has  been  investigated  by  J.  Boeseken,  may  be  used 
for  the  volumetric  determination  of  boric  acid  (19,  57). 
Hahn  (62)  has  recently  worked  out  a  very  sensitive  method 
of  detecting  traces  of  boric  acid.  An  analogous  intensification 
of  acidity  through  combination  with  polyvalent  alcohols  also 
occurs  with  telluric  (106)  and  germanic  acids  (118)  and  Poluek- 
toff  (98)  has  very  recently  shown  that  a  volumetric  determina¬ 
tion  of  germanium  is  possible  by  this  means. 

Inorganic  substances  can  also  be  employed  indirectly  in  the 
synthesis  of  characteristic  organic  compounds,  chiefly  because 
of  their  oxidizing  or  reducing  properties.  Thus,  by  means  of 
certain  oxidizing  agents  colorless  benzidine  is  easily  con¬ 
verted  into  a  blue  meriquinoid  oxidation  product 

’  h2x/  )> - ^3-NHf 

HN^(=)=(=>=NH 

This  change  is  produced  by  higher  metal  oxides,  oxidizing 
and  autoxidizing  substances,  and  certain  easily  reduced 
complex  compounds.  By  this  means  benzidine  becomes  a 
reagent  for  manganese  (24,  33),  cerium  (26),  lead  (18), 
copper  (47),  thallium  (24),  phosphoric  acid  (34,  36,  37), 
cyanide  (110),  silicate  (45),  persulfate  (89),  and  chromate 
(1 14)  ■  Similar  to  benzidine  are  2,7-diaminofluorene  (109)  and 
tetramethyldiaminodiphenyl  methane  (117)  which  also  form 
colored  meriquinoid  compounds.  According  to  unpublished 
experiments  it  is  possible  by  color  reactions  to  identify 
selenium  by  the  oxidizing  effect  of  selenium  dioxide  on  organic 
compounds.  Tin  and  vanadium  may  be  identified  by  the  re¬ 
ducing  action  of  their  lower  valence  states  on  cacotheline,  a 
brucine  derivative.  This  reaction,  which  was  shown  to  be 
very  sensitive  by  Gutzeit  (61)  and  Ephraim  (23),  consists  in 
a  very  characteristic  color  change  from  yellow  to  violet. 

Finally,  inorganic  substances  may  be  involved  in  organic 
syntheses  because  of  their  catalytic  activity,  or  on  the  other 
hand  inorganic  reactions  may  be  catalytically  accelerated  by 
organic  materials.  Such  cases  have  been  but  seldom  observed 
and  described,  but  that  it  is  possible  in  principle  has  been 
shown  by  Feigl  and  his  co-workers.  The  reaction  2NaN3 
+  I2  =  2NaI  +  3N2  is  accelerated  by  carbon  disulfide,  in¬ 
volving  the  intermediate  action  of  sodium  azidodithiocar- 
bonate ;  this  makes  possible  not  only  the  very  sensitive  detec¬ 
tion  of  carbon  disulfide  but  also  a  direct  iodometric  determina¬ 
tion  of  azides  (39) .  The  acceleration  of  the  reaction 

<(  >-NH2  +  Br<^  > 

yNH-(  +  HBr 

NtfO* 

by  alkali  iodides,  first  described  by  Goldberg  (58),  makes 
possible  the  specific  identification  of  iodides  (41).  According 
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to  unpublished  experiments  a  very  sensitive  test  for  iodide 
and  bromide  seems  possible  by  their  catalytic  effect  on 
colored  organic  compounds. 

Masking  Reagents 

As  organic  reagents  should  also  be  considered  certain  types 
of  compounds  the  addition  of  which  limits  the  activity  of 
other  reagents.  As  is  well  known,  the  concentration  of  a 
given  ion  in  solution  may  be  so  diminished  by  the  addition  of 
substances  which  unite  with  the  ion  to  form  complex  salts 
that  an  ion  product  sufficient  to  form  a  precipitate  or  cause  a 
color  reaction  is  no  longer  obtained.  Thus  we  speak  of  the 
“masking”  of  a  reaction,  and  call  the  reagent  responsible  for 
the  disappearance  of  the  ions  necessary  for  the  reaction,  the 
“masking  reagent.”  There  are  numerous  organic  compounds 
capable  of  acting  as  masking  reagents.  The  precipitation  of 
heavy  metal  ions  as  hydroxides  is  largely  prevented  by  the 
alkali  salts  of  hydroxy  acids  and  by  polyhydroxy  compounds 
such  as  tartrate,  citrate,  glycerol,  mannite,  and  various  sugars. 
Occasionally  the  masking  may  be  so  complete  that  the  forma¬ 
tion  of  many  inner  complex  salts  may  not  occur— for  example, 
precipitations  with  oxine  or  color  reactions  with  thionalide. 

Through  deliberate  selection  of  suitable  masking  reagents 
it  has  already  been  possible  to  secure  wide  applications  for 
these  reagents.  Sulfosalicylic  acid  was  recommended  by 
Moser  (90,  91)  as  a  precise,  fractional  masking  agent.  The 
masking  of  certain  reactions  of  mercury,  copper,  nickel,  and 
cobalt  by  cyanide  and  thiocyanate  has  been  known  for  a  long 
time.  The  alkali  salts  of  many  organic  acids  are  used  as 
buffers  for  the  regulation  of  hydrogen-ion  concentration.  A 
characteristic  example  in  the  analysis  of  anions  is  that  sug¬ 
gested  by  Kurtenacker  (81 ,  82,  83)  in  which  sulfite  is  masked 
by  the  addition  of  formaldehyde,  forming  sulfoxylates  which 
are  stable  toward  iodine,  making  possible  an  excellent  iodo- 
metric  titration  of  thiosulfate  in  the  presence  of  sulfite. 

iOf  greater  importance  are  organic  compounds  which  can 
be  used  as  protective  colloids  in  the  preparation  of  stable 
sols  of  insoluble  metal  salts  for  colorimetric  purposes.  For 
this  purpose  gelatin,  egg  albumin,  dextrin,  and  gum  arabic 
have  long  been  used.  Researches  with  V.  Anger,  which  have 
not  yet  been  completed,  indicate  that  the  water-soluble  cellu¬ 
lose  ethers  are  excellent  and  versatile  peptizing  agents.  With 
the  development  and  improvement  of  colorimetric  methods 
by  the  use  of  the  photoelectric  cell,  color  reactions  with  or¬ 
ganic  reagents  and  the  dispersion  of  insoluble  compounds 
with  the  help  of  organic  substances  will  doubtless  receive 
increasing  attention. 

Finally,  brief  mention  should  be  made  of  the  use  of  organic 
liquids  (principally  alcohol  and  acetone)  as  solvents  for 
certain  reagents  and  as  addition  reagents  to  complete  the  pre¬ 
cipitation  of  materials  from  aqueous  solutions.  Of  great 
significance  also  are  solvents  immiscible  with  water,  such  as 
ether,  amyl  alcohol,  carbon  tetrachloride,  etc.,  which  can  be 
used  for  the  extraction  of  certain  substances  and  their  con¬ 
centration  into  smaller  volumes.  The  extraction  of  dithizon- 
ates  by  immiscible  solvents  has  made  possible  the  detection 
and  determination  of  many  heavy  metal  salts  by  the  organic 
reagent  dithizone.  Furthermore,  substances  which  are  not 
soluble  in  organic  liquids  can  sometimes  be  concentrated  at  the 
water-organic  liquid  interface  by  shaking  with  immiscible 
organic  liquids  and  by  this  means  rendered  visible  in  small 
amounts. 

I  Summary  and  Review 

1.  Organic  reagents  have  an  increasing  analytical  signifi¬ 
cance,  since  their  use  greatly  increases  the  specificity  and 
the  sensitivity  of  analytical  reactions,  introducing  a  simplifica- 
i  tion  and  rationalization  of  analytical  methods,  particularly 
in  microchemical  analysis. 


2.  The  reactions  of  inorganic  substances  with  organic 
reagents  can  be  divided  into  the  following  types:  (a)  forma¬ 
tion  of  normal  salts,  (b)  formation  of  inner  complex  salts, 
(c)  formation  of  complex  compounds  with  organic  components 
as  neutral  constituents,  (d)  formation  of  adsorption  com¬ 
pounds,  (e)  direct  synthesis  of  organic  compounds  lacking  the 
characteristics  of  salts,  (/)  participation  as  oxidizing  or  reduc¬ 
ing  agents  in  the  synthesis  of  organic  compounds,  and  (g) 
catalytic  activity  in  the  synthesis  of  organic  compounds. 

3.  A  methodical  investigation  of  all  the  types  of  reactions 
gathered  under  (2)  promises  to  yield  new  and  valuable 
reagents.  Few  of  the  reactions  considered  up  to  the  present 
time  have  been  of  types  (a),  (c),  or  (g),  especially  catalytic 
reactions  and  those  reactions  which  yield  fluorescent  sub¬ 
stances. 

4.  The  effectiveness  of  the  reagents  of  all  the  types 
gathered  under  12)  depends  on  the  specific  atomic  groupings 
contained  in  the  molecule.  With  a  knowledge  of  the  specific 
activity  of  definite  groups  it  is  possible  to  work  systematically 
toward  the  improvement  of  the  reagents. 

5.  Distinction  must  be  made  between  specific  reagents 
and  special  reagents.  The  former  react  in  a  definite  manner 
toward  various  substances,  while  the  latter  are  limited  in 
activity  to  a  single  substance.  Up  to  the  present  there  are 
only  a  few  good  special  reagents.  For  practical  purposes, 
however,  the  activity  of  specific  reagents  can  be  adequately 
limited  by  the  careful  control  of  conditions,  the  use  of  mask¬ 
ing  reagents,  etc.,  to  make  them  widely  applicable. 

6.  In  view  of  the  simplification  of  colorimetric  methods 
and  the  improvement  in  accuracy  of  colorimetric  measure¬ 
ments  by  means  of  the  photoelectric  colorimeter,  an  in¬ 
creasing  significance  must  be  attributed  to  the  discovery 
of  new  color  reactions  and  of  peptizing  agents  for  insoluble  but 
colored  precipitates. 

7.  Associated  with  the  vast  numbers  of  organic  compounds 
available  for  use  in  analytical  chemistry  is  the  danger  of  an 
unnecessary  increase  in  the  number  of  organic  reagents.  In 
this  work,  therefore,  only  those  reactions  should  be  described 
which  display  significant  improvements  in  sensitivity  and 
specificity  or  have  a  bearing  on  the  theory  of  specific  affinity. 
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Problems  in  Analysis 


FACTS  which  are  ascertainable  only  through  analysis  of 
compounds  and  mixtures  are  basic  to  most  of  the  work  done 
in  chemistry  and  chemical  engineering.  Research  of  a  high 
order  is  carried  on  in  analytical  procedure  in  many  laboratories. 
While  the  majority  of  such  workers  have  a  field  of  particular  in¬ 
terest,  there  are  nevertheless  a  number  of  men  of  ability,  espe¬ 
cially  those  directing  the  research  of  others,  who  would  be  glad 
to  know  of  problems  in  analysis  which  would  be  of  interest  to 
industry  and  upon  which  they  might  like  to  work. 


As  a  service  both  to  industry  and  to  these  research  analysts, 
we  shall  be  pleased  to  receive  and  publish  such  problems.  It 
should  be  understood  that  those  who  decide  to  work  upon  them 
will  let  us  know,  so  that  we  in  turn  may  help  establish  contacts 
between  those  interested  in  such  research  problems  and  those 
who  would  like  to  follow  up  the  work  in  order  to  render  possible 
assistance,  and  to  be  certain  that  some  progress  is  made  toward 
publishable  results. 

[Editor] 


Analysis  by  ‘’‘Internal”  Electrolysis 

I.  Determination  of  Bismuth  and  Copper  in  Lead  Alloys  Containing 

Antimony  and  Tin 


BEVERLY  L.  CLARKE,  L.  A.  WOOTEN,  AND  C.  L.  LUKE,  Bell  Telephone  Laboratories,  New  York,  N.  Y. 


ELECTROANALYSIS  by  the  spontaneous  discharge  of 
a  galvanic  cell  in  which  a  solution  of  the  alloy  to  be 
analyzed  constitutes  the  catholyte,  has  been  named  “internal” 
electrolysis  ( 8 ,  9),  emphasizing  the  distinction  from  ordinary 
electroanalysis  in  which  the  e.  m.  f.  is  externally  applied. 
The  earliest  reference  to  this  method  is  by  Ullgren  (11),  who 
plated  small  quantities  of  copper  from  sulfate  solution  by 
means  of  zinc-platinum,  cadmium-platinum,  and  aluminum- 
platinum  cells.  Later  work  includes  that  of  Frangois  (5), 
Hollard  (6),  Tutundzic  (10),  Sand  (8),  and  Collin  (1-4). 

In  view  of  the  inherent  advantages  of  “internal”  electro¬ 
analysis,  it  is  surprising  that  it  has  not  been  more  widely  used. 
This  method  is  unique  in  that  the  cathode  potential  is  auto¬ 
matically  limited.  Since  platinum  anodes  are  not  employed, 
separations  may  be  made  in  chloride  solution  in  the  absence 
of  an  anodic  depolarizer.  In  “internal”  electroanalysis  iron 
does  not  interfere  with  the  plating  of  metals  from  chloride  or 
sulfate  solution  because  the  anodes  are  shielded.  The  method 
is  rapid  and  is  therefore  suitable  for  routine  analysis;  the 
apparatus  required  is  inexpensive. 

The  method  is  subject,  however,  to  certain  limitations  and 
involves  a  number  of  experimental  difficulties.  In  general, 
its  application  is  limited  to  the  determination  of  small 
quantities  of  metals.  Thus  it  has  its  greatest  usefulness  in 
the  separation  of  impurities  from  the  bulk  of  the  base  metal, 
as  of  bismuth  and  copper  from  lead.  Frequently  the  method 
serves  only  for  a  preliminary  separation,  other  methods  being 
more  suitable  for  the  final  determination.  There  are  also 
certain  limitations  imposed  upon  the  choice  of  the  anode 
metal  which  in  turn  limit  its  applicability :  The  cell  will  not 
function  unless  there  is  free  and  uninterrupted  dissolution  of 
the  anode — i.  e.,  the  anode  must  not  become  passive  in  the 
anolyte.  The  value  of  the  anode  potential  must  be  such  as 
to  cause  rapid  and  complete  deposition  of  the  metal  being 
determined. 

Collin  (1),  working  with  Sand  (8),  proposed  the  lead- 
platinum  cell  for  the  determination  of  bismuth  and  copper  in 
lead  and  lead-antimony  alloys.  The  present  authors  have 
modified  the  Sand  and  Collin  method  and  have  extended  its 
applicability  to  lead-tin  alloys.  Certain  improvements  in 
apparatus  have  been  introduced.  The  chief  differences 
between  the  authors’  apparatus  and  method  and  those  of  Sand 
and  Collin  are  as  follows: 

A  new  electrode  assembly  has  been  designed.  Norton 
alundum  shells  (7)  have  been  substituted  for  parchment 
paper  as  anode  envelopes.  In  this  laboratory  parchment 
paper  was  found  to  stretch  and  become  increasingly  porous 
in  hot  nitric  acid  solution. 

The  bismuth-copper  plate  is  weighed  directly.  After  solu¬ 
tion,  the  copper  is  titrated  iodometrically  and  the  bismuth 
calculated  by  difference.  This  obviates  the  unsatisfactory 
basic  carbonate  separation  of  bismuth  and  copper. 

Silver  is  removed  as  iodide  rather  than  chloride  because  of 
the  lower  solubility  of  silver  iodide,  a  necessary  measure  when 
separating  the  small  quantities  of  silver  usually  found  in 
commercial  lead.  Another  objection  to  chloride  is  that  its 
presence  contributes  to  the  production  of  a  bismuth  plate 
physically  unsuited  to  direct  weighing. 

The  authors  have  shown  that  the  method  can  be  used  in 


nitric-hydrofluoric  acid  mixtures,  thus  extending  its  appli¬ 
cability  to  lead-tin  alloys. 

Apparatus 

The  apparatus  is  shown  diagrammatically  in  Figure  1.  It 
consists  of  two  lead  anodes  enclosed  in  alundum  shells  (19  X 
90  mm.  RA  No.  84  or  RA  No.  360,  R.  Norton  and  Co.,  7)  and  a 
single  platinum  gauze  cathode  (2.5  cm.  in  diameter  and  4  cm. 
in  length),  arranged  to  fit  into  a  400-ml.  beaker.  The  three 
electrodes  are  connected  to  a  single  binding  post  so  that  good 
electrical  contact  is  made.  The  electrode  support  is  shown  in 
detail  in  Figure  2. 

The  anodes  are  made  by  winding  pure  lead  wire  (2.5  mm.  in 
diameter  X  70  cm.  in  length)  around  glass  tubing  (5  mm.  in 
diameter)  in  the  form  of  a  compact  helix,  leaving  enough  wire 
at  the  top  to  act  as  a  lead  to  the  binding  post.  The  surface  of 
the  anode  should  in  general  be  as  large  as  is  practically  possible 
to  ensure  rapid  plating. 

A  glass  corkscrew  stirrer  with  tungsten  shaft  is  used  to  stir 
the  catholyte.  It  is  driven  by  a  motor  capable  of  1000  r.  p.  m. 
and  geared  so  that  the  solution  is  drawn  in  towards  the  cathode. 

An  anolyte  reservoir  is  provided  which  permits  the  flushing  out 
of  the  anode  chambers  during  an  electrolysis.  In  this  way  any 
platable  metal  ions  which  may  find  their  way  through  the  shells 
can  be  returned  to  the  catholyte.  Flushing  of  the  anode  chamber 
also  tends  to  prevent  anodic  concentration  polarization,  although 
this  effect  proves  to  be  negligible  if  the  anode  area  is  large. 

The  Anode  Shells.  The  porosity  of  the  alundum  thimbles 
used  as  anode  shells  plays  a  very  important  role  in  the  success 
of  the  method.  When  a  shell  of  this  composition  (alumina  with 
aluminum  silicate  as  a  binder)  is  subjected  to  treatment  with  hot 
nitric  acid,  a  certain  amount  of  hydrolysis  of  the  aluminum  silicate 
takes  place.  The 
gelatinous  hydrolytic 
products  tend  to  re¬ 
duce  the  porosity  of 
the  shell.  In  an  elec¬ 
trolysis  the  formation 
of  such  a  precipitate 
in  the  anode  shells 
will  increase  the  in¬ 
ternal  resistance  of 
the  cell  to  such  an 
extent  that  the  ca¬ 
thodic  plat  ing  will  be 
prohibitively  slow. 

Obviously,  then,  in 
devising  a  method  in 
which  an  internal 
electrolytic  separa¬ 
tion  is  made  from 
nitric  acid  solution, 
the  procedure  used 
must  be  such  that 
hydrolysis  of  the  ma¬ 
terial  of  the  anode 
shells  is  avoided. 

Thus,  in  the  method 
described  below  the 
temperature  of  the 
solution  is  not 
allowed  to  go  above 
75°  C.  The  method 
further  specifies  that 
tartaric  acid  be  added 
to  the  catholyte  in  all 
electrolyses,  even 
though  its  presence 
is  not  required  in  the 
solution  of  the  alloy. 

Experience  has 
shown  that  new  alun- 
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dum  shells  are  nearly  always  easily  clogged 
by  hydrolysis.  Continual  use  in  any  internal 
electrolysis  will  gradually  wash  out  the  hydro¬ 
lyzed  material  to  such  an  extent  that  quanti¬ 
tative  plating  from  nitrate  solution  can  be  ob¬ 
tained.  In  order  to  accelerate  the  process  of 
opening  up  new  or  contaminated  shells  a  pre¬ 
liminary  acid  treatment  has  been  devised  (see 
below).  Even  after  subjecting  the  shells  to 
the  vigorous  “opening”  treatment,  however, 
the  plating  may  be  slow  for  the  first  three  or 
four  electrolyses. 

If,  during  the  electrolysis  of  a  copper- 
bismuth  solution,  the  shells  become  clogged, 
the  addition  of  a  little  chloride  will  immedi¬ 
ately  open  the  shells  up  and  permit  rapid 
deposition  of  the  metals. 

The  optimum  temperature  for  plating  from 
lead  solutions  containing  chloride  is  80°  to 
90°  C.,  for  at  lower  temperatures  the  internal 
resistance  of  the  cell  may  be  increased  by  the 
formation  of  lead  chloride  on  the  anodes  or 
in  the  shell  walls.  The  use  of  chloride  in  the 
solutions  may  make  it  necessary  to  dissolve 
and  replate  the  deposit. 

Despite  the  difficulties  mentioned  above 
the  authors  have  found  that  alundum  thimbles 
provide  the  most  satisfactory  means  of  shield¬ 
ing  the  anodes.  Two  types  of  shells  have 
been  tested:  the  dense  RA  No.  84  shells  and 
the  less  dense  RA  No.  360  shells  of  R.  Norton 
and  Co.  Both  types  are  satisfactory  for  use 
in  the  electrolysis,  provided  they  are  open. 

The  plates  obtained  (especially  those  which 
contain  much  bismuth)  are  better  when  the 
No.  84  shells  are  used  because  the  plating  is 
slower.  On  the  other  hand,  the  No.  360  shells 
are  more  easily  opened  and  kept  open,  and 
the  time  of  electrolysis  is  shorter. 

Conditioning  and  Testing  of  the  Anode 
Shells.  The  following  procedure  is  recom¬ 
mended  for  opening  up  or  cleaning  alundum 
anode  shells: 

1.  Draw  400  ml.  of  hot  concentrated 
hydrochloric  acid  through  the  shell  into  a 
flask  by  means  of  suction.  Remove  and 
reserve  the  solution. 

2.  Draw  400  ml.  of  hot  nitric-tartaric  acid  solution  (40  ml.  of 
concentrated  nitric  acid  plus  20  grams  of  tartaric  acid  dissolved 
in  360  ml.  of  water)  through  the  shell. 

3.  Repeat  the  chloride  wash  of  paragraph  1.  Then  draw 
warm  distilled  water  through  the  shell  to  remove  all  chloride. 
(The  chloride  must  be  removed  since  its  presence  may  invalidate 
the  conclusions  drawn  from  the  testing  of  the  shells  by 
paragraph  4.) 

4.  Prepare  a  solution  containing  8  ml.  of  nitric  acid,  1  gram 
of  tartaric  acid,  and  10.0  mg.  of  copper  as  copper  nitrate  in  a 
volume  of  150  ml.  Boil  to  expel  oxides  of  nitrogen.  (If  these 
fumes  are  not  expelled  the  plate  may  be  dark.)  Dilute  to  250-ml. 
volume.  Coolto65°C.  Electrolyze  at  65  “to  75°  C.  as  described 
below  in  Procedure  A,  paragraph  3,  using  as  an  anolyte  a  3  per 
cent  nitric  acid  solution.  Weigh  the  plate  and  compare  the  result 
with  the  amount  of  copper  added. 

Once  opened,  the  shells  usually  require  no  further  treatment. 
To  prevent  an  accumulation  of  salts  in  the  walls,  it  is  advisable 
to  remove  and  wash  the  shells  with  distilled  water  after  use. 

The  Method 

The  sample  is  dissolved  in  a  mixture  of  either  nitric  and 
tartaric  acids  or  nitric  and  hydrofluoric  acids.  Antimony 
and  arsenic  are  oxidized  to  their  higher  valence  states  with 
permanganate.  Silver  is  removed  as  iodide.  Bismuth  and 
copper  are  plated  out  with  a  lead-platinum  couple  and  the 
combined  deposit  is  weighed.  The  plate  is  then  dissolved 
and  the  copper  titrated  iodometrically .  Bismuth  is  calculated 
by  difference. 

Such  elements  as  calcium,  cadium,  and  zinc  do  not  interfere. 
Iron  in  amounts  usually  present  in  lead  does  not  interfere. 
Antimony  and  arsenic  do  not  interfere  when  present  in  the 
pentavalent  form  in  nitric-tartaric  or  nitric-hydrofluoric  acid 
solution.  Quadrivalent  tin  does  not  interfere  even  when 
present  in  large  quantities  in  nitric-hydrofluoric  acid  solution. 


Selenium  interferes  with  the  determina¬ 
tion,  but  preliminary  experiments  indicate 
that  very  small  quantities  of  tellurium 
may  be  present,  provided  it  is  in  the  hexa- 
valent  form. 

Size  of  Sample.  The  method  is  subject 
to  certain  limitations  as  regards  the 
amount  of  bismuth  that  can  be  handled. 
Bismuth  alone  plates  out  in  loose  granular 
form.  Under  these  conditions  lead  and 
other  metal  salts  may  be  mechanically 
occluded  in  the  plate,  thus  causing  high 
results.  When  copper  is  plated  with  the 
bismuth,  however,  the  deposit  is  much  more 
compact  and  adherent ;  as  much  as  10  mg. 
of  bismuth  can  be  handled  if  the  amount  of 
copper  present  equals  or  exceeds  that  of  the 
bismuth.  If  less  copper  than  bismuth  is 
present  the  plate  may  be  contaminated  and 
in  such  a  deposit  the  occluded  impurities — 
e.  g.  antimony,  arsenic,  iron,  etc. — may 
cause  an  appreciable  blank  in  the  copper 
titration. 

In  order,  then,  to  ensure  correct  results 
for  both  copper  and  bismuth  in  an  analysis 
of  a  lead  or  lead-tin  alloy  which  contains 
more  bismuth  than  copper,  the  analyst 
must  either  dissolve  the  first  plate  and  re¬ 
electrolyze  from  pure  nitric  acid-tartrate 
solution  (using  3  per  cent  nitric  acid  solu¬ 
tion  as  the  anolyte),  or  add  a  known 
amount  of  copper  to  the  solution  of  the 
alloy  before  electrolysis  to  make  the  bis¬ 
muth-copper  ratio  less  than  unity.  The 
latter  procedure  is  preferable  as  requiring 
less  time,  and  is  therefore  recommended 
in  the  method  below. 

Solution  of  the  Sample.  Alloys  containing  arsenic, 
antimony,  or  small  amounts  of  tin  are  soluble  in  nitric  acid- 
tartaric  acid  mixture.  For  larger  amounts  of  tin  the  tartaric 
acid  is  replaced  by  hydrofluoric  acid. 

It  is  obviously  desirable  to  use  as  little  hydrofluoric 
acid  as  possible.  On  the  other  hand,  the  amount  of  this  acid 
used  must  be  sufficient  to  ensure  solution  of  the  tin  during 
the  vigorous  boiling  previous  to  electrolysis  (see  below). 
Procedure  B  is  suitable  for  the  analysis  of  alloys  containing 
as  much  as  50  per  cent  of  tin.  With  alloys  containing  less  than 
10  per  cent  of  tin  the  amount  of  acid  used  can  be  reduced. 
Once  the  tin  has  precipitated,  however,  it  is  extremely  difficult 
to  redissolve  it  by  adding  more  fluoride. 

When  tin  is  dissolved  in  nitric-hydrofluoric  acid  solution  it 
tends  to  remain  in  the  bivalent  state  unless  nitrous  acid  is 
produced  in  the  solution  to  ensure  oxidation.  When  dealing 
with  50:50  lead-tin  solders  there  is  usually  sufficient  nitrous 
acid  produced  to  catalyze  the  solution  and  oxidation  of  the 
tin.  With  alloys  of  low  lead  content  it  is  advisable  to  add 
sodium  nitrite. 

Standardization  of  Sodium  Thiosulfate  Solution.  Pre¬ 
pare  a  standard  copper  nitrate  solution  containing  0.5  gram  of 
copper  per  liter.  Pipet  a  sample  from  this  solution  which  will 
give  approximately  the  same  size  thiosulfate  titer  as  that  given  by 
the  unknown  sample.  Transfer  to  a  250-ml.  wide-mouthed  flask. 
Add  1  ml.  of  (1  to  1)  sulfuric  acid.  Take  just  to  fumes  of  sulfur 
trioxide  twice  to  expel  all  nitrates.  Cool.  Wash  down  the  sides  of 
the  flask  and  add  25  ml.  of  water.  Cool  to  room  temperature. 

Add  5  ml.  of  a  freshly  prepared  40  per  cent  solution  of  potassium 
iodide  and  mix  well.  Add  5  ml.  of  a  clear,  freshly  prepared  20 
per  cent  solution  of  sodium  thiocyanate  and  titrate  immediately 
with  0.025  N  sodium  thiosulfate.  When  the  end  point  is  ap¬ 
proached  add  5  ml.  of  clear  1  per  cent  starch  solution  and  then 
complete  the  titration. 


Figure  2.  Detail  of  Elec¬ 
trode  Support 


A.  Cast-metal  supporting  arm 

B.  Hard-rubber  board 

C.  Metal  binding  post  (stainless  steel 

or  oxidized  brass) 

Ci.  Cathode  support 
Ca.Cs.  Anode  supports 

D.  Removable  anode  support 

E.  Holes  for  glass  tubes  which  support 

anodes 

H.  Hole  for  stirrer 
S.  Removable  threaded  screw 
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A.  Procedure  for  Alloys  Soluble  in  Nitric  Acid- 
Tartaric  Acid  Solution.  (This  procedure  is  suitable  as  written 
for  1  per  cent  antimony-lead  alloy  containing  less  than  0.05  per 
cent  of  silver  and  0.005  to  0.1  per  cent  of  bismuth.) 

1.  Weigh  out  10  grams  of  the  sample  and  transfer  to  a  400-ml. 
beaker.  Add  1  gram  of  tartaric  acid  and  80  ml.  of  nitric  acid  (20 
per  cent).  Cover  with  a  watch  glass  and  heat  gently  until  solu¬ 
tion  is  complete.  Boil  for  1  minute  to  expel  most  of  the 
nitrous  acid  fumes.  Dilute  to  150-ml.  volume  with  cold  water. 
Cool  to  40°  C.  Add  potassium  permanganate  (1  per  cent  solu¬ 
tion)  while  stirring  until  the  solution  acquires  a  violet  tint  which 
lasts  a  minute  or  two.  Let  stand  or  heat  gently  to  dispel  the 
color. 

2.  (In  case  silver  is  known  to  be  absent  this  paragraph  can 
be  omitted.)  Add  2  ml.  of  potassium  iodide  (1  per  cent  solution) 
while  stirring.  Allow  to  stand  5  to  10  minutes  at  35°  to  40°  C., 
avoiding  direct  sunlight.  (If  at  any  time  during  the  precipitation 
or  filtration  of  the  silver  iodide  there  is  evidence  that  the  potas¬ 
sium  iodide  is  being  oxidized,  the  solution  can  be  decolorized 
by  adding  a  drop  or  two  of  freshly  prepared  sulfurous  acid  solu¬ 
tion.)  Filter  with  suction  through  asbestos  into  a  second  400-ml. 
beaker.  Wash  with  water  or  with  3  per  cent  tartaric  acid  solution 
in  the  event  that  the  antimony  content  of  the  alloy  is  high. 
Discard  the  precipitate.  Dilute  the  filtrate  to  250-ml.  volume. 
Place  2  or  3  glass  beads  in  the  beaker.  Cover  and  heat  to  boiling. 
Boil  vigorously  until  the  solution  has  become  colorless  and  then 
for  an  additional  10  minutes. 

3.  Dilute  the  solution  to  250  to  300  ml.  (Standard  copper 
nitrate  solution  should  be  added  at  this  point  if  the  ratio  of 
bismuth  to  copper  in  the  alloy  is  greater  than  unity.)  Cool  to 
65°  C.  Add  0.2  to  0.3  gram  of  urea.  Electrolyze  with  rapid  stir¬ 
ring  (800  to  1000  r.  p.  m.)  at  65°  to  75°  C.  with  a  lead-platinum 
couple.  (Anolyte  for  the  lead-platinum  couple:  a  3  per  cent 
nitric  acid  solution  containing  50  grams  of  pure  lead  nitrate  per 
liter.)  Flush  out  the  anode  chambers,  wash  down  the  sides  of 
the  beaker  and  anode  shells,  and  add  small  amounts  of  urea, 
once  or  twice  during  the  electrolysis.  When  the  plating  is 
completed  (as  indicated  by  failure  to  plate  on  new  surface  when 
level  of  solution  is  raised)  wash  away  the  acid-lead  nitrate 
solution  with  approximately  1  liter  of  distilled  water  by  siphoning. 
(If  there  is  any  reason  to  suspect  that  the  plate  contains  other 


Table  I.  Determination  of  Bismuth  and  Copper  in  the 
Presence  of  Lead  and  Common  Impurities  of  Lead 


Lead 

Copper 

Bismuth 

Copper  and  Bismuth 

Present 

Present 

Present 

Present 

Found 

Grams 

Mg. 

Mg. 

Mg. 

Mg. 

20 

14.4 

14.5 

28.9 

29.3 

40 

14.4 

14.5 

28.9 

29.4 

20 

5.7 

5.8 

11.5 

11.4 

20 

5.7 

5.8 

11.5 

11.5 

20 

5.7 

5.8 

11.5 

11.6 

20 

2.9 

2.9 

5.8 

5.6 

40 

2.9 

2.9 

5.8 

5.9 

Table  II.  Determination  of  Bismuth  and  Copper  in  the 
Presence  of  Lead  and  Common  Impurities  of  Lead® 


Lead 

Copper 

Bismuth 

Copper  and  Bismuth 

Present 

Present 

Found 

Present 

Found 

Present 

Found 

Grams 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

10 

13.7 

13.7 

14.7 

14.8 

28.3 

28.5 

10 

13.7 

13.7 

2.9 

2.7 

16.6 

16.4 

10 

2.8 

2.7 

2.9 

2.9 

5.7 

5.7 

10 

5.5 

5.4 

5.9 

5.8 

11.4 

11.2 

10 

1.1 

1.1 

5.9 

5.9 

7.0 

7.0 

10 

5.5 

5.5 

5.9 

5.8 

11.4 

11.3 

10 

5.5 

5.5 

5.9 

5.8 

11.4 

11.3 

10 

2.8 

2.9 

5.7 

5.6 

10 

2.8 

2.7 

2.9 

2.8 

5.7 

5.6 

10 

2.8 

2.7 

5.9 

6.0 

8.6 

8.8 

10 

5.5 

5.5 

5.9 

6.1 

11.4 

11.6 

°  No  tin 

was  added 

in  these  experiments. 

Table  III.  Determination  of  Bismuth  and  Copper  in  Syn¬ 
thetic  Lead  Solutions  after  Separation  of  Silver 


Bismuth  and  Anti- 

Copper  Bismuth  Copper  mony  Silver 

Present  Found  Present  Found  Present  Found  Present  Present 


Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

11.0 

10.7 

5.0 

5.1 

16.0 

15.8 

100 

5 

4.4 

4.2 

5.0 

5.0 

9.4 

9.2 

100 

1 

4.4 

4.3 

5.0 

5.1 

9.4 

9.4 

5 

4.4 

4.4 

2.5 

2.5 

6.9 

6.9 

50 

1 

4.4 

4.2 

5.0 

5.2 

9.4 

9.4 

4.4 

4.3 

5.0 

5.2 

9.4 

9.5 

4.4 

4.4 

1.0 

1.1 

5.4 

5.5 

ioo 

5 

11.0 

10.9 

10.0 

10.4 

21.0 

21.3 

100 

5 

metals  besides  copper  and  bismuth,  proceed  as  follows:  Dis¬ 
solve  the  plate  from  the  electrode  in  8  ml.  of  nitric  acid.  Dilute 
to  150  ml.  Boil  to  expel  fumes.  Dilute  to  250  ml.  Add  1  gram 
tartaric  acid.  Cool  to  65°  C.  Electrolyze  as  described  above 
using  as  anolyte  a  3  per  cent  nitric  acid  solution.)  Remove  the 
beaker  and  rapidly  replace  with  another  containing  distilled 
water.  Detach  the  electrode,  wash  in  alcohol  and  ether,  and  dry 
with  an  electric  fan.  Weigh. 

4.  Place  the  electrode  in  a  250-ml.  wide-mouthed  flask  and 
dissolve  the  plate  with  5  ml.  of  3  per  cent  hydrogen  peroxide  and 
1  ml.  of  1  to  1  sulfuric  acid.  Wash  the  electrode  well  and  remove. 
Take  the  solution  to  fumes  of  sulfur  trioxide  to  destroy  all 
traces  of  peroxide.  Titrate  the  copper  with  thiosulfate  as  directed 
above  under  standardization  of  the  latter  solution.  (In  the 
titration  of  samples  containing  bismuth  the  starch  solution  must 
be  added  after  the  thiocyanate  and  before  the  beginning  of  the 
titration.) 

B.  Procedure  for  Alloys  Soluble  in  Nitric-Hydro¬ 
fluoric  Acid  Solution.  (This  procedure  is  suitable  as  written 
for  a  50  per  cent  tin-lead  alloy  containing  less  than  0.05  per  cent 
of  silver  and  0.005  to  0.1  per  cent  of  bismuth.) 

1.  Place  10  grams  of  the  sample  in  a  600-ml.  beaker  containing 
20  ml.  of  nitric  acid,  15  ml.  of  hydrofluoric  acid  (48  per  cent), 
and  100  ml.  of  distilled  water.  Cover  and  heat  gently  (water 
bath)  until  solution  of  the  alloy  is  complete  (caution).  Boil  for 
1  minute  to  expel  most  of  the  nitrous  acid  fumes.  Dilute  to 
300  ml.  with  cold  water.  Cool  the  solution  to  40°  C.  Add  1 
per  cent  potassium  permanganate  solution  until  the  solution 
remains  permanently  colored  or  fades  but  very  slowly. 

2.  (If  silver  is  known  to  be  absent  omit  this  paragraph.) 
Add  2  ml.  of  1  per  cent  potassium  iodide.  Just  decolorize  the 
solution  by  adding  dropwise  freshly  prepared  sulfurous  acid 
solution.  Digest  cold  for  5  to  10  minutes,  avoiding  direct  sun¬ 
light.  Decolorize  again  if  necessary.  Filter  through  asbestos. 
Wash  with  cold  water.  Discard  precipitate.  Dilute  filtrate  to 
350  ml. 

3.  Drop  2  or  3  glass  beads  in  the  filtrate,  cover,  and  heat  to 
boiling.  Boil  vigorously  until  the  solution  is  colorless  and  then 
for  5  to  10  minutes  longer. 

4.  Dilute  to  350-  to  400-ml.  volume.  Color  again  with 
potassium  permanganate.  Add  2  grams  of  tartaric  acid.  Add 
standard  copper  nitrate  solution  if  necessary.  Proceed  as  in 
paragraph  3  of  Procedure  A. 

Experimental 

Synthetic  solutions  containing  6  ml.  of  nitric  acid,  1  to  2 
grams  of  tartaric  acid,  100  mg.  of  antimony,  10  mg.  of  arsenic, 
5  mg.  of  iron,  10  mg.  of  tin,  5  mg.  of  cadmium,  and  known 
amounts  of  lead,  copper,  and  bismuth,  all  as  nitrates,  were 
diluted  to  250-ml.  volume  and  analyzed  as  described  in 
Procedure  A.  The  anolyte  was  lead  nitrate  solution  contain¬ 
ing  3  per  cent  of  nitric  acid  in  which  the  lead  concentration 
approximated  that  of  the  catholyte.  The  results  are  shown 
in  Tables  I  and  II. 

Synthetic  samples  containing  15  grams  of  lead  nitrate, 
8  ml.  of  concentrated  nitric  acid,  1  gram  of  tartaric  acid,  and 
known  amounts  of  copper,  bismuth,  silver  nitrate,  and  tartar 
emetic  were  prepared  and  diluted  to  150  ml.  The  solutions 


Table  IV.  Determination  of  Bismuth  and  Copper  in  Lead- 
Tin  Alloys  Following  Removal  of  Silver 


Copper 

Bismuth 

Copper  and  Bismuth 

Silver 

Present 

Found 

Present 

Found 

Present 

Found 

Present 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

11.0 

11.2 

11.0 

11.2 

5 

4.4® 

4.4 

5.6 

6.6 

9 !  4 

9.’  4 

5 

11.0® 

10.9 

5.0 

5.3 

16.0 

16.2 

4.46 

4.5 

2.5 

2.7 

6.9 

7.2 

3 

5.0 

4.7 

5.0 

5.0 

10.0 

9.7 

5.0 

4.8 

5.0 

5.7 

10.0 

10.5 

5.0 

4.9 

5.0 

4.8 

10.0 

9.7 

5.0 

5.1 

2.5 

2.5 

7.5 

7.6 

12.5 

13.0 

5.0 

5.0 

17.5 

18.0 

5.0C 

4.7 

5.0 

4.3 

5.0 

5U 

mo 

9.4 

4 

5.0 

4.8 

5.0 

5.1 

10.0 

9.9 

2 

5.0 

4.8 

5.0 

4.9 

10.0 

9.7 

2 

5.0 

5.0 

5.0 

5.1 

10.0 

10.1 

2 

5.0 

3.8 

5.0 

5.9 

10.0 

9.7 

5 

5.0 

5.1 

5.0 

5.0 

10.0 

10.1 

1 

a  100  mg.  of  antimony  as  tartar  emetic  added  with  the  standard  copper. 
b  10  mg.  of  tellurium  (dissolved  in  HNOs)  added  with  the  copper. 
c  100  mg.  of  arsenic  trioxide  added  with  the  copper. 
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Table  V.  Precision  of  Method  Applied  to  Typical  Samples 


Deviation 

Deviation 

Sample  Designation 

Copper 

from  Mean 

Bismuth 

from  Mean 

% 

% 

Commercial  lead 

0.065 

4-0.001 

0.014 

-0.0005 

0.063 

-0.001 

0.015 

4-0.0005 

Av. 

0.064 

±0.001 

0.0145 

±0.0005 

No.  1, 

0.056 

-0.0002 

0.124 

4-0.001 

1%  antimony  lead 

0.056 

-0.0002 

0. 124 

4-0.001 

0.056 

-0.0002 

0.122 

-0.001 

0.057 

4-0.0008 

0. 122 

-0.001 

Av. 

0.0562 

±0.0004 

0.123 

±0.001 

No.  2, 

0.060 

4-0.0007 

0.064 

4-0.001 

1%  antimony  lead 

0.059 

-0.0003 

0.060 

-0.003 

0.059 

-0.0003 

0.065 

4-0.002 

Av. 

0.0593 

±0.0004 

0.063 

±0.002 

40—60  lead-tin  solder 

0.022 

-0.001 

0.038 

4-0.002 

0.024 

4-0.001 

0.034 

-0.002 

Av. 

0.023 

±0.001 

0.036 

±0.002 

were  boiled  to  remove  nitrous  acid  fumes,  and  were  then  di¬ 
luted  to  approximately  300  ml.,  cooled  to  65°  C.,  and  analyzed 
as  described  in  Procedure  A.  The  results  are  shown  in  Table 

III. 

Ten  grams  of  a  50:50  lead-tin  alloy  were  dissolved  in  a 
nitric-hydrofluoric  acid  mixture  as  recorded  in  Procedure  B. 
The  solution  was  diluted,  2  grams  of  tartaric  acid  were  added, 
and  the  solution  was  electrolyzed  at  65°  to  75°  C.  in  the  lead- 
platinum  cell.  The  plate  was  discarded.  Known  amounts  of 
copper,  bismuth,  and  silver  as  nitrates  were  added  to  the 
purified  solution.  Copper  and  bismuth  were  then  determined 
as  described  in  Procedure  B.  (See  Table  IV.) 


The  data  presented  in  Tables  I  to  V  indicate  that  there  are 
no  significant  constant  errors  in  the  method.  The  precision 
of  Procedure  B,  in  which  hydrofluoric  acid  is  used,  is  somewhat 
lower  than  Procedure  A  because  of  the  poorer  character  of 
the  plates  obtained  in  this  solution.  In  Procedure  B  there  is 
also  more  danger  of  loss  of  metal  by  re-solution  during  the 
washing  of  the  plate. 

The  precision  limits  of  Procedure  A  are  as  follows:  bis¬ 
muth,  ±50  parts  per  thousand  when  the  bismuth  content  of 
the  sample  is  0.05  per  cent;  copper,  ±30  parts  per  thousand 
when  the  copper  content  is  0.05  per  cent. 

The  precision  limits  of  Procedure  B  are  as  follows:  bis¬ 
muth,  ±  100  parts  per  thousand  when  the  bismuth  content  is 
0.05  per  cent;  copper,  ±75  parts  per  thousand  when  the  cop¬ 
per  content  is  0.05  per  cent. 
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Separation  of  Strontium,  Barium,  and  Lead  from 

Calcium  and  Other  Metals 

By  Precipitation  as  Nitrates 

HOBART  H.  WILLARD  and  EDWIN  W.  GOODSPEED,  University  of  Michigan,  Ann  Arbor,  Mich. 


IN  THE  quantitative  separation  of  strontium  from  calcium 
there  has  always  been  considerable  difficulty  due  to  the 
fact  that  most  of  the  properties  of  strontium  are  very  closely 
related  to  those  of  calcium.  Thus,  although  the  determination 
of  either  strontium  or  calcium  alone  is  easily  carried  out,  the 
task  of  determining  them  when  taken  together  presents 
greatly  increased  difficulty. 

By  extracting  the  mixture  of  anhydrous  nitrates  with  abso¬ 
lute  alcohol,  in  which  strontium  nitrate  is  not  very  soluble, 
Stromeyer  (5)  separated  strontium  from  calcium.  Rose  (4) 
improved  this  method  by  using  a  mixture  of  equal  parts  of 
absolute  alcohol  and  anhydrous  ether,  in  which  strontium 
nitrate  is  much  less  soluble  than  in  alcohol  alone.  With 
certain  modifications  introduced  by  Fresenius  (I),  this  method 
is  the  one  most  used  today.  Rawson  (3)  suggested  the  use  of 
concentrated  nitric  acid  as  the  extracting  solvent. 

Since  precipitation  methods  are  known  to  be  superior  to 
extraction  methods,  both  in  accuracy  and  ease  of  manipula¬ 
tion,  it  seemed  desirable  to  develop  such  a  method  for  the 
separation  of  strontium  from  calcium  and  other  metals. 

Preparation  and  Standardization  of  Solutions 

c.  p.  strontium  nitrate  was  dissolved  in  water  and  filtered  to 
remove  any  insoluble  impurities.  The  strontium  was  precipi¬ 
tated  as  the  nitrate  by  the  slow  addition,  with  stirring,  of  enough 
70  per  cent  nitric  acid  to  bring  the  acid  concentration  of  the  solu¬ 


tion  up  to  about  40  per  cent.  The  strontium  nitrate  was  filtered 
off,  washed  with  40  per  cent  nitric  acid,  dissolved,  and  then  repre¬ 
cipitated  a  second  time  in  a  similar  manner.  The  solution  of 
strontium  nitrate  was  standardized  by  pipetting  10-ml.  samples 
into  weighed  crucibles,  adding  a  few  drops  of  nitric  acid,  and 
evaporating  to  dryness  on  a  very  low-temperature  hot  plate. 
The  strontium  nitrate  was  then  dried  2  hours  at  130°  to  140°  C., 
and  weighed.  This  standardization  was  checked  by  precipitat¬ 
ing  10-ml.  samples  as  the  sulfate  with  a  tenfold  excess  of  sulfuric 
acid  from  a  50  per  cent  alcohol  solution.  After  standing  12  hours, 
the  precipitate  of  strontium  sulfate  was  filtered  through  a  Gooch 
crucible  and  dried  1  hour  in  a  muffle  heated  to  500°  C.  The  re¬ 
sults  obtained  by  the  two  methods  agreed  within  0.1  mg. 

Solutions  of  barium  nitrate  and  lead  nitrate  were  purified  in 
a  similar  manner  and  standardized  by  evaporating  to  dryness  and 
weighing  as  the  nitrates. 

The  calcium  nitrate  solution  was  prepared  from  reagent  quality 
calcium  carbonate  by  dissolving  it  in  dilute  nitric  acid.  It  was 
purified  by  adding  100  per  cent  nitric  acid  until  the  acid  concen¬ 
tration  was  80  or  81  per  cent,  the  volume  being  such  that  a  small 
amount  of  calcium  nitrate  was  precipitated.  After  standing  0.5 
hour  the  precipitated  calcium  nitrate  (along  with  any  barium 
or  strontium  nitrates  that  might  have  been  present)  was  filtered 
off  and  discarded.  The  filtrate  was  evaporated  to  dryness  to 
remove  the  nitric  acid,  and  the  calcium  nitrate  was  then  dissolved 
in  water.  The  solution  was  standardized  by  precipitating  10-ml. 
samples  as  oxalate,  followed  by  ignition  at  500°  C.  to  the  car¬ 
bonate. 

Although  fuming  nitric  acid  as  purchased  could  be  used  suc¬ 
cessfully  for  obtaining  the  desired  acid  concentration,  in  most  of 
this  work  freshly  prepared  100  per  cent  nitric  acid  was  employed. 
This  was  prepared  by  distilling  a  mixture  of  c.  p.  sodium  nitrate 
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and  c.  p.  concentrated  sulfuric  acid  in  an  all-glass  distilling  ap¬ 
paratus,  the  flask  having  a  capacity  of  2  liters.  A  convenient 
charge  consisted  of  500  grams  of  sodium  nitrate  and  500  ml.  of 
sulfuric  acid. 

Experimental 

Attempts  were  first  made  to  precipitate  strontium  nitrate 
from  solution  in  an  organic  solvent.  The  general  method  used 
was  to  evaporate  a  sample  of  strontium  nitrate  to  dryness 
with  an  excess  of  perchloric  acid  and  dissolve  the  strontium 
perchlorate  in  the  organic  solvent.  Strontium  was  then 
precipitated  as  the  nitrate  by  the  slow  addition  of  a  mixture 
of  the  solvent  and  100  per  cent  nitric  acid.  The  solvents  tried 
were  a  mixture  of  absolute  alcohol  and  anhydrous  ether, 
normal  butyl  alcohol,  a  mixture  of  normal  butyl  alcohol  and 
anhydrous  ether,  tertiary  butyl  alcohol,  carbitol,  and  butyl 
carbitol.  Incomplete  precipitation  and  the  formation  of 
slimy,  unfilterable  precipitates  caused  this  work  to  be  aban¬ 
doned. 

It  was  found  that  dry  strontium  nitrate  could  be  dissolved 
in  a  very  little  water  and  was  precipitated  in  a  dense  granular 
form  by  the  addition  of  nitric  acid,  whereas  calcium  nitrate 
proved  to  be  much  more  soluble.  The  precipitate  showed 
no  tendency  whatever  to  stick  to  the  sides  of  the  beaker,  and 
was  readily  washed  into  the  filtering  crucible  with  a  few  jets 
of  acid  of  the  same  concentration  as  that  used  for  the  pre¬ 
cipitation. 

The  wash  bottle  was  a  250-ml.  Erlenmeyer  flask  fitted  with  a 
two-hole  rubber  stopper.  A  rubber  bulb  furnished  the  necessary 
air  pressure.  The  rubber  bulb  and  stopper  are  attacked  slowly 
by  the  nitric  acid  vapors  but,  if  rinsed  after  being  used,  they  last 

I  a  long  time. 

The  solutions  were  filtered  through  Gooch  crucibles  with  rather 
thick  pads.  The  precipitates  were  dissolved  out  and  the  pads 
used  repeatedly.  In  dissolving  the  precipitates,  hot  water  with 
a  little  nitric  acid  proved  to  be  more  satisfactory  than  hot  water 
alone,  especially  if  metals  other  than  strontium  were  present. 
The  strontium  nitrate  precipitate  was  dried  2  hours  at  130°  to 
140°  C.,  but  longer  drying  does  no  harm. 

The  concentrations  of  the  nitric  acid  solutions  were  obtained 
from  tables  (2),  after  determining  the  specific  gravity  of  the  pure 
solutions  by  means  of  a  hydrometer  having  a  range  of  1.4  to  1.6. 
(For  concentrations  below  70  per  cent  a  hydrometer  with  a  range 
of  1.2  to  1.4  was  used.)  A  few  specific  gravity  determinations 
were  made  with  a  pycnometer  and  the  values  were  found  to  check 
those  obtained  by  the  hydrometer  method  within  0.002.  We  may 
assume,  then,  that  the  acid  concentration  is  always  within  1  per 
cent  of  the  stated  value,  and  usually  within  0.5  per  cent. 

Precipitations  were  first  made  by  dissolving  the  dry  salts  in  a 
definite  volume  of  water,  adding  a  known  amount  of  70  per  cent 
(ordinary  concentrated)  nitric  acid,  which  caused  most  of  the 
strontium  nitrate  to  precipitate,  and  then  adding  a  definite 
amount  of  100  per  cent  nitric  acid  to  bring  the  acid  concentration 
to  the  desired  value.  It  was  simpler,  however,  to  dissolve  the 
dry  salts  in  a  definite  volume  of  water  and  add  enough  100  per 
cent  nitric  acid,  drop  by  drop,  with  constant  stirring,  to  bring  the 
acid  concentration  up  to  the  desired  value.  This  was  determined 
by  adding  to  the  proper  volume  of  water  increasing  amounts  of 
acid  and  determining  the  specific  gravity  with  a  hydrometer, 
applying  a  temperature  correction.  It  is  convenient  to  make  all 
the  additions  from  a  buret.  If  70  per  cent  nitric  acid  is  used, 
each  bottle  must  be  tested,  likewise  the  c.  p.  fuming  nitric  acid  of 
commerce. 

Precipitation  was  complete  within  30  minutes,  except 
that  for  very  small  amounts  it  was  necessary  to  stir  the  solu¬ 
tion  mechanically  for  45  minutes. 

Effect  of  Varying  Acid  Concentration.  In  determining 
the  effect  of  acid  concentration  all  precipitates  stood  0.5  hour 
or  more  before  filtering,  were  transferred  and  washed  with 
about  18  ml.  of  acid  of  the  same  concentration  as  that  used 
during  the  precipitation,  were  then  dried  for  2  hours  at  130°  to 
140°  C.,  and  weighed.  The  volume  during  precipitation  was 
about  18  ml.  The  results  are  shown  in  Table  I. 

As  an  additional  check  the  filtrates  and  washings  were 
■  evaporated  to  dryness  and  taken  up  with  water.  Any  barium 


or  strontium  present  was  precipitated  as  sulfate,  the  latter 
from  a  50  per  cent  alcohol  solution.  No  barium  sulfate  could 
be  detected  in  the  filtrates  from  acid  concentrations  of  76 
per  cent  or  higher.  With  strontium  a  very  faint  turbidity 
was  noticed  with  70  per  cent  acid,  less  with  80  per  cent,  and 
none  with  higher  concentrations.  In  the  case  of  lead,  notice¬ 
able  precipitates  were  obtained  with  ammonium  sulfide  in  all 
filtrates  up  to,  and  including,  the  80  per  cent  acid.  In  the  others 
no  precipitate  settled  out,  but  the  solutions  darkened  con¬ 
siderably.  There  was  no  difference  in  the  amount  of  darkening 
between  those  obtained  with  the  83  per  cent  and  the  87  per 
cent  acids,  but  that  with  the  82  per  cent  was  somewhat 
darker.  In  general,  the  solubility  of  lead  nitrate  in  84  per 
cent  nitric  acid  corresponds  to  about  0.1  mg.  of  lead  per  20 
ml.  The  solubility  increases  considerably  with  higher  tem¬ 
peratures,  but  is  reduced  to  a  negligible  amount  when  the 
solution  is  cooled  in  ice.  It  would  seem,  then,  that  76  per 
cent  nitric  acid  suffices  for  barium,  but  80  per  cent  acid  is 
required  for  strontium,  and  84  per  cent  for  lead. 

Table  I.  Effect  of  Acid  Concentration  on  Precipitation 
of  Strontium,  Barium,  and  Lead  Nitrates 

(All  precipitations  were  made  in  a  volume  of  about  18  ml.  at  20°  to  25°  C. 
The  precipitates  were  transferred  and  washed  with  about  18  ml.  of  acid  of 
the  same  concentration  as  that  used  for  the  precipitation.) 

Acid,  per  cent  66  69  74  78  80  83  85  87 

Sr  found,  error,  mg. 

(57.9  mg.  taken  in  ...  —1.3  —0.3  0  0  +0.1  0 

each  case)  ...  —1.7— 0.3  —0.1  0  0  0  ... 

Ba  found,  error,  mg. 

(56.6  mg.  taken  in  —0.8  ...  0  0  0  0  ..  0 

each  case)  —0.9  ...  —0.1  —0.1  —0.1  —0.1  ..  —0.1 

Pb  found,  error,  mg. 

(101.7  mg.  taken  in  -8.8  ...  -1.3  -0.9  -0.2  -0.2  ..  -0.1 

each  case)  —9.5  ...  —1.4  —0.7  —0.4  —0.1  ..  —0.1 

Using  77  per  cent  nitric  acid,  in  which  the  solubility  of 
strontium  nitrate  is  appreciable,  a  comparison  of  the  solubility 
of  strontium  nitrate  in  both  the  precipitating  and  the  wash 
solutions  was  made.  About  140  mg.  of  strontium  nitrate 
were  dissolved  in  a  little  water  and  the  acid  concentration 
was  brought  up  to  77  per  cent,  the  volume  being  100  ml. 
After  standing  0.5  hour  the  precipitate  was  filtered  off  and 
the  strontium  in  the  filtrate  was  determined  as  sulfate.  The 
precipitate  in  the  crucible  was  then  washed  with  100  ml. 
of  77  per  cent  nitric  acid,  and  the  strontium  determined  in 
the  washings.  The  strontium  sulfate  in  each  case  weighed 
0.7  mg.,  indicating  that  the  wash  solution  becomes  saturated 
with  the  nitrate. 

Effect  of  Temperature.  Since  the  separation  of  stron¬ 
tium  from  certain  metals  might  be  improved  by  an  increase 
in  temperature,  a  few  determinations  were  made  at  50°  and 
70°  C.,  these  temperatures  being  maintained  for  0.5  hour 
after  precipitation,  when  the  solution  was  filtered  and  washed 
with  acid  at  room  temperature.  The  results  in  Table  II 
show  that  temperatures  up  to  70°  C.  may  be  used  without 
causing  loss  of  strontium  nitrate.  Temperatures  above  70°  C. 
were  not  tried,  because  above  this  the  nitric  acid  fumes  off 
rather  rapidly. 

Table  II.  Precipitation  of  Strontium  Nitrate  at  Various 
Temperatures  from  80  Per  Cent  Nitric  Acid 


[Sr  (N  Os)2 

taken,  149.3  mg.  = 

61.8  mg.  of  Sr] 

Temperature 

Sr(NOs)2  Found 

Error,  Sr 

0  C. 

Mg. 

Mg. 

149.6 

+0.1 

25 

149.4 

0 

149.2 

0 

50 

149.2 

0 

149.5 

+0.1 

70 

149.4 

0 

Effect  of  Other  Anions.  No  effort  was  made  to  deter¬ 
mine  an  all-inclusive  list  of  anions  that  might  be  present  in 
the  determination  of  strontium.  However,  as  it  was  felt 
that  chloride  and  perchlorate  would  be  frequently  encoun- 
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tered,  tests  were  made  in  their  presence.  The  amounts  of 
these  acids  taken  were  greatly  in  excess  of  that  required  to 
convert  all  the  strontium  to  chloride  and  perchlorate,  and 
were  added  after  evaporation  to  dryness,  so  that  the  full 
amount  of  acid  was  present  during  precipitation.  Precipita¬ 
tion  was  made  in  80  per  cent  nitric  acid  in  a  volume  of  18.2 
ml.  Upon  taking  0.75  ml.  of  concentrated  hydrochloric 
acid  and  139.9  mg.  of  strontium  nitrate,  140.0  and  140.1 
mg.  of  strontium  nitrate  were  found.  When  149.3  mg.  of 
strontium  nitrate  were  taken  with  0.75  ml.  of  70  per  cent 
perchloric  acid,  149.5  and  149.3  mg.  of  strontium  nitrate 
were  found. 

Evidently  these  ions  exert  no  harmful  effect  on  the  deter¬ 
mination  of  pure  strontium. 

Table  III.  Solubility  of  Calcium  Nitrate  in  Nitric  Acid 


ncentration 

Calcium  Dissolved 

% 

Mg. /ml. 

77 

26.5 

79 

10.0 

81 

5.0 

83 

1.9 

85 

1.1 

Solubility  of  Calcium  Nitrate  in  Nitric  Acid.  The 
solubility  of  calcium  nitrate  in  nitric  acid  of  various  concen¬ 
trations  was  determined  by  putting  an  excess  of  finely  pul¬ 
verized  calcium  nitrate  in  glass-stoppered  cylinders  containing 
the  nitric  acid.  The  mixture  was  kept  in  a  thermostat  at 
25°  C.  for  several  hours  with  frequent  shaking.  Samples  of 
50  ml.  were  pipetted  out,  the  nitric  acid  was  evaporated,  and 
the  calcium  determined  by  precipitation  as  the  oxalate  fol¬ 
lowed  by  ignition  at  500°  C.  to  the  carbonate.  The  results, 
shown  in  Table  III,  indicate  that  as  low  an  acid  concentration 
as  possible  should  be  used  in  separating  strontium  from 
calcium. 

Separation  of  Strontium  from  Calcium 

It  was  found  essential  to  add  the  nitric  acid  drop  by  drop 
with  constant  stirring,  in  order  to  avoid  carrying  down 
appreciable  amounts  of  calcium.  Separations  of  strontium 
made  by  the  addition  of  the  acid  in  a  stream  from  a  buret 
with  a  little  stirring  gave  results  1.7  mg.  too  high,  while 
identical  separations  made  with  drop-by-drop  addition  of 
the  acid  with  constant  vigorous  stirring  gave  correct  results. 

The  greater  the  volume  of  the  solution  at  the  time  of  precipi¬ 
tation,  the  better  are  the  separations  obtained.  However, 
because  of  the  slight  solubility  of  strontium  nitrate  and  the 
greater  ease  in  transferring  the  precipitate  from  a  small 
beaker,  total  volumes  under  40  ml.  were  usually  employed 
and  a  50-ml.  beaker  was  used.  Best  results  were  obtained 
by  precipitating  the  bulk  of  the  strontium  with  70  per  cent 
nitric  acid  and  then  using  100  per  cent  acid  to  bring  the 
concentration  up  to  the  desired  value.  However,  it  is  simpler 
to  eliminate  the  use  of  the  70  per  cent  acid,  and  results  prac¬ 
tically  as  good  may  be  obtained  using  only  100  per  cent  acid, 
provided  it  is  added  very  slowly  and  with  vigorous  (preferably 
mechanical)  stirring.  A  solution  in  which  the  acid  concentra¬ 
tion  is  80  per  cent  may  be  obtained  by  dissolving  the  salt  in 
10.0  ml.  of  water  and  adding  26.0  ml.  of  100  per  cent  nitric 
acid. 

Separations  were  made  in  which  the  time  of  standing  after 
precipitation  was  varied  from  0.5  to  5  hours.  There  is  a 
slight  downward  trend  in  the  amount  of  calcium  carried  down 
as  the  time  of  standing  is  lengthened.  Evidently  on  standing 
some  of  the  co-precipitated  calcium  nitrate  is  gradually 
dissolved. 

Separations  were  tried  at  elevated  temperatures,  but  no 
appreciable  advantage  is  gained  by  precipitating  hot. 

Separations  were  made  using  various  acid  concentrations. 


As  was  to  be  expected,  the  lower  acid  concentrations  gave 
better  separations,  but  any  concentration  in  the  range  of 
79  to  81  per  cent  is  satisfactory.  Above  81  per  cent  the 
solubility  of  calcium  nitrate  is  too  small,  and  below  79  per 
cent  the  solubility  of  strontium  nitrate  becomes  appreciable. 

Table  IV  shows  the  results  of  some  separations  of  strontium 
from  calcium.  The  dry  nitrates  were  dissolved  in  10.0  ml.  of 
water,  and  the  strontium  nitrate  was  precipitated  by  adding 
26.0  ml.  of  100  per  cent  nitric  acid  drop  by  drop  with  mechani¬ 
cal  stirring.  This  gave  an  acid  concentration  of  80  per  cent. 
After  the  addition  of  the  acid  the  solution  stood  0.5  hour, 
before  filtering  through  Gooch  crucibles,  the  precipitate  being 
transferred  with  jets  of  80  per  cent  nitric  acid,  then  washed 
10  times  in  the  crucibles  with  approximately  1-ml.  portions 
of  80  per  cent  nitric  acid.  The  strontium  nitrate  was  dried  2 
hours  at  130°  to  140°  C.  In  making  double  precipitations  the 
precipitates  were  dissolved  directly  into  a  beaker  placed  under 
a  bell  jar,  using  hot  water  which  had  been  slightly  acidified 
with  nitric  acid.  In  each  case  pure  strontium  was  carried 
through  the  same  process  to  ensure  that  the  results  obtained 
were  not  due  to  compensating  errors. 

Table  IV.  Separation  of  Strontium  from  Calcium 

Taken  First  Precipitation  Second  Precipitation 


Sr 

Ca 

Found,  Sr 

Error,  Sr 

Found,  Sr 

Error,  Sr 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

2.8 

+0.7 

2.0 

-0.1 

2.1“ 

50 

2.8  ■ 

+0.7 

2.0 

-0.1 

3.2 

+  1.1 

2.3 

+0.2 

2.  !“.!> 

500 

4.0 

+  1.9 

2.3 

+0.2 

2.1 

0 

2.0 

-0.1 

to 

a 

None 

2.1 

0 

2.0 

-0.1 

12.9 

+0.5 

12.4 

0 

12.4 

50 

12.8 

+0.4 

12.3 

-0.1 

12.4 

0 

12.3 

-0.1 

12.4 

None 

12.3 

-0.1 

12.3 

-0.1 

62.0 

+0.3 

61.5 

-0.2 

61.7 

50 

61.9 

+0.2 

61.6 

-0.1 

61.7 

0 

61.6 

-0.1 

61.7 

None 

61.7 

0 

61.7 

0 

154.6 

+  0.2 

154.2 

-0.2 

154.4 

50 

154.5 

+0.1 

154.2 

-0.2 

154 . 4 

0 

154.4 

0 

154.4 

None 

154.4 

0 

154.3 

-0.1 

929.7 

+  1.0 

928.7 

0 

928.7 

50 

929.9 

+  1.2 

928.7 

0 

928.8 

+0.1 

928.7 

0 

928.7 

None 

928.6 

-0.1 

928.6 

-0.1 

61.7 

0 

61.7 

25 

61.7 

0 

Second  pptn.  not  needed 

62.7 

+  1.0 

61.6 

-0.1 

61.7 

125 

62.7 

+  1.0 

61.7 

0 

65.7 

+4.0 

61.8 

+0.1 

61.7!’ 

500 

65.3 

+  3.6 

61.7 

0 

61.6 

-0.1 

61.5 

-0.2 

61.76 

None 

61.6 

-0.1 

61.6 

-0.1 

a  Mechanically  stirred  for  45  minutes  after  precipitation. 

i>  30  ml.  of  water  and  78  ml.  of  100  per  cent  nitric  acid,  giving  80  per  cent 
acid  for  the  first  precipitation;  second  precipitation,  10  ml.  of  water,  26 
ml.  of  100  per  cent  acid. 

Various  amounts  of  strontium  may  be  separated  from  25 
mg.  of  calcium  with  only  one  precipitation.  If  more  than 
25  mg.  of  calcium  are  present  double  precipitations  are  neces¬ 
sary,  and  if  the  amount  of  calcium  is  very  large  the  volume 
of  the  solution  must  be  increased. 

Separation  of  Strontium  from  Metals  Other  than 

Calcium 

Solutions  of  many  metals  were  made  up,  usually  from  the  ni¬ 
trates.  The  solutions  were  made  from  c.  p.  chemicals,  and  as 
first  prepared  were  not  purified  in  any  way.  If  high  results  were 
obtained  in  a  separation,  the  solution  of  the  metal  was  purified 
by  treatment  with  80  per  cent  nitric  acid,  filtering  off  any  precipi¬ 
tate  that  was  obtained.  The  solutions  were  not  analyzed  as  to 
metal  content,  but  were  probably  accurate  to  within  10  per  cent. 

Generally  the  dry  salts  were  dissolved  in  3.0  ml.  of  water  and 
precipitated  with  5.5  ml.  of  71  per  cent  nitric  acid,  and  the  con¬ 
centration  was  brought  to  80  per  cent  by  the  addition  of  10.0 
ml.  of  100  per  cent  nitric  acid.  The  precipitate  was  allowed  to 
stand  0.5  hour,  and  then  was  transferred  and  washed  with  about 
18  ml.  of  80  per  cent  nitric  acid,  after  which  it  was  dried  for  2 
hours  at  130°  to  140°  C. 

Solution  of  the  salts  in  3.0  ml.  of  water  was  readily  accom¬ 
plished  by  adding  1.0  ml.  of  71  per  cent  nitric  acid  and  heating  a 
few  minutes.  In  the  list  of  metals  separated  from  strontium,  the 
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Table  V.  Separation  of  Strontium  from 

Various  Metals 

[In  each  case  Sr(NOa)2 

taken,  149.3 

mg.  =  61.8  mg.  of  Sr] 

Salt  Added 

Metal  Content 

Error,  Sr 

Mg. 

Mg. 

+0.2 

Al(N03)a 

25 

0 

0 

A1(N03)3 

75° 

-0.1 

0 

nh,no3 

500 

-0.1 
+  0.1 

SbCla 

500  f> 

+  0.1 

0 

HjAsOt 

500 

-0.1 
+  0.2 

Be(NOa)2 

500 

+  0.2 

0 

Bi(N03)3 

500 

-0.2 

+0.2 

Ca(N03)i 

25 

+  0.1 

0 

Cd(NOa)2 

500 

-0.1 

+0.5 

Ce(NOa)a 

500 

+0.5 
+0.1 
+0.1 
+  0.1 

0 

Cr(N03)3 

100 

Co(N03)2 

500 

Cu(N03)2 

250 

+0.1 
+  0.1 

0 

Cu(N03)2 

500a 

-0.1 

Fe(N03)s 

500 

-0.1 

La(N03)3 

500 

+0.1 

LiNOs 

150 

-0.1 

-0.1 

Mg(NOa)s 

500 

0 

+0.1 

Mn(N03)2 

500 

0 

+  0.1 

Hg(N03)2 

500 

0 

o 

Ni(N03)2 

2000 

0 

+  0.5 

kno3 

500 

+  0.4 
+  0.1 

H2SeOa 

500 

0 

+0.2 

AgNOs 

150 

+0.2 

+0.3 

NaNOs 

300 

+0.2 

0 

H2Te03 

75 

0 

0 

T1C13 

500 

+  0.1 
+0.1 

TINOa 

500 

+  0.2 

0 

SnCh 

500 

-0.1 

0 

TJ02(NOs)2 

500 

0 

+  0.1 

Zn(NOj)2 

500 

0 

°  Precipitated  at  70°  C. 
f>  1.5  ml.  of  HC1  added. 

Table  VI.  Separation 

of  Barium  from 

Various  Metals 

[In  each  case  Ba(N03)2 

taken,  107.7  mg.  =  56.6  mg.  of  Ba] 

Salt 

Metal 

Ba(NOa) 

2  Error, 

Added 

Content 

Found 

Ba 

Mg. 

Mg. 

Mg. 

107.7 

0 

Bi(NOa)i 

500 

107.6 

0 

107.9 

+0.1 

Ca(NOa)2 

125 

107.6 

0 

107.9 

+  0.1 

Cd(NOa)2 

500 

107.7 

0 

107.8 

0 

Ni(NOa)a 

500 

107.8 

0 

107.6 

0 

Pure  BafNCbb 

107.5 

-0.1 

only  ones  which  could  not  be  dissolved  in  this  volume  were  500 
mg.  of  beryllium  nitrate,  500  mg.  of  ferric  nitrate,  and  2000  mg. 
of  nickel  nitrate.  For  these  amounts  of  beryllium,  iron,  and 
nickel,  larger  initial  volumes  were  used,  the  amount  of  71  per  cent 
acid  being  decreased,  and  the  100  per  cent  increased,  in  order  to 
keep  the  final  volume  the  same. 

In  the  case  of  antimony  and  tin,  as  it  was  found  advantageous 
to  have  some  hydrochloric  acid  present,  the  salts  were  dissolved 
in  a  mixture  of  1.5  ml.  of  water  and  1.5  ml.  of  concentrated  hydro¬ 
chloric  acid. 

Nearly  all  precipitations  were  made  at  room  temperature 
but  in  some  cases  a  large  temperature  effect  was  noticed.  This 
was  especially  true  with  copper  and  aluminum,  so  a  few 


separations  from  these  metals  were  made  at  70°  C.  The 
solutions  were  allowed  to  stand  for  0.5  hour  at  the  same  tem¬ 
perature,  after  which  they  were  filtered  through  a  warm 
crucible  and  washed  with  acid  at  room  temperature. 

The  metals  from  which  separations  were  made,  as  shown 
in  Table  V,  are  the  largest  amounts  possible  in  a  volume  of 
18.5  ml.  of  80  per  cent  nitric  acid,  with  the  exception  of  those 
metals  from  which  the  separation  of  500  mg.  or  more  was 
possible.  No  amounts  greater  than  500  mg.  were  tried  except 
in  the  case  of  nickel,  where  the  maximum  used  was  2000  mg. 
If  larger  volumes  were  used,  separations  from  larger  amounts 
of  the  metals  would  be  possible. 

The  only  metal  tried  from  which  strontium  could  not  be 
separated  was  titanium  (except  for  barium  and  lead  which 
were  quantitatively  precipitated). 

Recommended  Procedure.  Evaporate  the  metallic  chlo¬ 
ride,  perchlorate,  or  nitrate  (preferably  the  latter)  to  dryness; 
dissolve  in  10.0  ml.  of  water;  precipitate  the  strontium  nitrate  by 
adding  26.0  ml.  of  100  per  cent  nitric  acid,  drop  by  drop,  with  con¬ 
stant  (preferably  mechanical)  stirring;  allow  to  stand  0.5  hour; 
filter  through  a  Gooch  crucible,  transferring  the  precipitate 
with  a  jet  of  80  per  cent  nitric  acid,  and  washing  ten  times  with 
acid  of  the  same  concentration,  using  about  1  ml.  each  time;  dry 
at  130°  to  140°  C.  for  2  hours;  weigh  as  Sr(N03)2-  Larger  vol¬ 
umes  and  double  precipitations  may  be  used  if  necessary. 

Determination  of  Barium  and  Separation  from 
Other  Metals 

The  precipitate  of  barium  nitrate  is  of  the  same  dense 
crystalline  form  that  characterizes  strontium  nitrate,  and  it 
is  reasonable  to  assume  that  barium  may  be  separated  from 
all  the  metals  from  which  strontium  may  be  separated. 
Since  a  lower  acid  concentration  may  be  used  for  barium, 
even  better  separations  would  probably  be  possible.  Table 
VI  shows  the  results  of  a  few  separations  that  were  made. 

The  dry  salts  were  dissolved  in  5.0  ml.  of  water.  The  barium 
nitrate  was  partially  precipitated  by  the  slow  addition,  with  stir¬ 
ring,  of  3.0  ml.  of  70  per  cent  nitric  acid,  after  which  11.0  ml.  of 
100  per  cent  acid  were  added  in  the  same  manner  to  bring  the 
acid  concentration  up  to  76  per  cent.  After  standing  0.5  hour 
the  barium  nitrate  was  filtered  off,  washed  ten  times  with  76  per 
cent  nitric  acid,  and  dried  for  2  hours  at  130°  to  140°  C. 

It  did  not  seem  necessary  to  try  other  separations.  Barium 
can  undoubtedly  be  separated  from  all  the  metals  from  which 
strontium  was  separated  (Table  V). 

Determination  of  Lead  and  Separation  from 
Other  Metals 

Table  VII  shows  the  results  of  a  few  separations  of  lead 
from  various  metals. 

The  dry  salts  were  dissolved  in  2.5  ml.  of  water,  and  the  acid 
concentration  was  brought  to  84  per  cent  by  the  drop-by-drop 
addition  of  5.0  ml.  of  70  per  cent  nitric  acid  and  13.0  ml.  of  100 
per  cent  acid.  After  standing  0.5  hour  at  room  temperature, 
the  lead  nitrate  was  filtered  off,  washed  ten  times  with  small 
portions  of  84  per  cent  nitric  acid,  and  dried  for  2  hours  at 
135°  C. 

Because  the  presence  of  chloride  gives  low  results  in  the 
determination  of  lead,  this  must  be  absent.  This  fact  pre¬ 
vents  the  separation  of  lead  from  antimony  and  tin.  A 
separation  from  all  the  other  metals  shown  in  Table  V  would 
no  doubt  be  possible. 

In  some  cases  at  least,  separations  are  made  from  highly 
supersaturated  solutions  of  the  metals.  For  instance,  in  the 
separation  of  lead  from  copper,  a  crystal  of  copper  nitrate 
was  added  to  the  filtrate  and  caused  a  large  amount  of  copper 
nitrate  to  precipitate.  This  was  filtered,  dried,  and  with  an 
indefinite  amount  of  water  of  crystallization  weighed  0.7 
gram. 
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Table  VII.  Separation  of  Lead  from  Various  Metals 


[In  each  case  Pb(NOs)2 

taken,  162.5 

mg.  =  101.7 

mg.  of  Pb] 

Salt 

Metal 

Pb(N03)2 

Error, 

Added 

Content 

Found 

Pb 

Mg. 

Mg. 

Mg. 

162.3 

-0.1 

H3ASO3 

500 

162.4 

-0.1 

162.7 

+0.1 

Bi(NC>3)3 

500 

162.9 

+0.2 

163.0 

+0.3 

Ca(NOs)2 

15 

162.9 

+0.2 

162.2 

-0.2 

Cd(NOa)s 

500 

162.3 

-0.1 

162.2 

-0.2 

Cu(NOs)s 

300 

162.2 

-0.2 

162.4 

-0.1 

Hg(N03)2 

500 

162.5 

0 

162.4 

-0.1 

Pure  Pb(NO«)2 

. . . 

162.4 

-0.1 

Summary 

Attempts  to  separate  strontium  from  calcium  by  precipita¬ 
tion  of  strontium  nitrate  with  nitric  acid  in  organic  solvents 
resulted  in  incomplete  precipitation  and  slimy,  unfilterable 
precipitates. 

Strontium  nitrate  can  be  completely  precipitated  in  a 
dense,  crystalline  form  from  a  water  solution,  and  separated 
from  twenty-eight  metals  by  the  very  slow  addition  of  100 
per  cent  nitric  acid  until  the  resultant  solution  contains  not 


less  than  79  per  cent:  to  separate  barium  from  the  same 
metals,  76  per  cent  acid  suffices;  to  separate  lead,  84  per  cent 
is  necessary,  but  chloride  makes  impossible  a  separation  of 
lead  from  tin  and  antimony. 

The  precipitate  should  stand  at  least  30  minutes  before 
filtering;  if  it  is  very  small,  the  solution  should  be  stirred 
mechanically  for  45  minutes.  The  nitrate  is  dried  2  hours  at 
130°  to  140°  C. 

Temperatures  up  to  70°  C.  do  not  increase  appreciably  the 
solubility  of  strontium  nitrate  but  may  increase  that  of  other 
nitrates. 

The  solubility  of  calcium  nitrate  decreases  rapidly  with 
increasing  acid  concentrations.  A  maximum  of  80  per  cent 
acid  is  recommended. 
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Determination  of  Phthalate  Plasticizers 

FRANCIS  C.  THAMES,  Naval  Powder  Factory,  Indian  Head,  Md. 


WHEN  the  diamyl,  dibutyl,  diethyl,  and  dimethyl  esters 
of  phthalic  acid  are  used  to  plasticize  cellulose  nitrate 
they  may  be  determined  by  extraction  and  saponification. 
However,  if  the  cellulose  nitrate  plastic  also  contains  aromatic 
nitro  derivatives,  such  as  those  of  benzene,  toluene,  and 
xylene,  the  determination  of  the  phthalate  plasticizer  becomes 
more  difficult.  These  nitro  compounds  are  soluble  in  the 
plasticizers  and  are  also  mutually  soluble  with  them  in  sol¬ 
vents.  They  therefore  cannot  be  separated  by  difference  in 
solubilities.  When  the  alkali  is  added  for  the  saponification 
of  the  ester  plasticizer,  in  the  presence  of  these  nitro  com¬ 
pounds,  colored  additive  compounds  of  the  alkali  and  nitro 
derivatives  are  formed  (4) .  These  colored  compounds  cannot 
be  separated  from  the  plasticizer  by  solvents  and  only  a  trace 
of  them  is  necessary  to  interfere  with  the  titration  of  the 
alkali  after  saponification.  Therefore,  a  method  for  the 
determination  of  the  phthalate  plasticizers,  in  the  presence 
of  aromatic  nitro  derivatives,  was  sought. 

Experiment  al 

Unable  to  determine  the  phthalate  esters  in  this  mixture 
by  saponification,  a  gravimetric  method  was  developed. 

Barium  phthalate  is  regularly  referred  to  in  organic  chem¬ 
istry  texts  ( 1 ,  2)  as  an  insoluble  salt  of  phthalic  acid.  It  will 
not  precipitate  when  barium  chloride  is  added  to  acid  solu¬ 
tions  of  phthalic  acid,  but  phthalic  acid  itself  is  precipitated. 
The  solution  must  be  neutral  to  precipitate  barium  phthalate. 
Following  the  procedure  of  Ekeley  and  Banta  (3),  barium 
nitrate  was  added  to  a  solution  of  sodium  phthalate.  On 
boding,  a  barium  salt  was  precipitated,  which  analyzed  51.41 
per  cent  barium  oxide  compared  with  50.89  per  cent  barium 
oxide  theoretical.  In  100  cc.  of  water  at  20°  C.,  0.2760 
gram  of  this  salt  was  found  to  be  soluble,  in  spite  of  the 
constant  reference  to  barium  phthalate  in  the  literature  as 
an  insoluble  salt  of  phthalic  acid.  Since  barium  phthalate 


precipitates  only  in  neutral  solutions,  allowing  the  precipita¬ 
tion  of  other  barium  salts,  and  because  of  its  solubility,  it 
was  eliminated  as  a  means  of  precipitating  phthalic  acid. 

Precipitation  of  phthalic  acid  as  lead  phthalate  proved  to 
be  more  favorable  than  the  barium  precipitation.  Lead 
phthalate  was  prepared  from  phthalic  anhydride  and  lead 
nitrate,  and  analyzed  56.55  per  cent  lead  compared  with 
55.82  per  cent  lead  theoretical.  It  was  also  made  from 
saponified  dibutylphthalate  and  lead  nitrate  and  upon 
analysis  gave  55.94  per  cent  lead.  Lead  phthalate  is  a  white 
crystalline  compound,  of  which  0.0020  gram  is  soluble  in 
100  cc.  of  water  at  20°  C.  It  is  soluble  in  nitric  acid  but 
insoluble  in  dilute  acetic  acid.  Because  of  its  low  solubility 
and  ease  of  formation,  lead  phthalate  was  adopted  as  a  means 
of  precipitation  of  phthalic  acid.  Lead  acetate  was  later 
used  in  place  of  lead  nitrate,  as  the  nitric  acid  left  from  this 
reagent  interfered  with  the  precipitation  of  lead  phthalate. 
It  was  also  decided  to  reprecipitate  lead  phthalate  as  lead 
sulfate  to  eliminate  errors  that  might  be  introduced  by  in¬ 
soluble  organic  compounds. 

The  phthalic  acid  could  not  be  liberated  quantitatively 
by  the  saponification  of  the  ester  in  the  presence  of  nitro 
compounds,  therefore  it  was  liberated  from  the  ester  plas¬ 
ticizer  by  the  oxidation  of  the  aliphatic  side  chains  by  nitric 
acid.  Crystals  were  obtained  by  adding  30  cc.  of  concen¬ 
trated  nitric  acid  to  approximately  1  gram  of  dibutylphthalate 
and  evaporating  to  dryness  on  the  steam  bath.  These 
crystals  were  identified  as  phthalic  acid,  according  to  Mulli- 
ken  ( 5 ),  by  being  converted  to  o-phthalanil,  melting  at  205°  C. 
A  trace  of  nitrophthalic  acids  was  also  formed.  Oxalic  acid 
was  found  to  be  present  as  a  product  of  the  side-chain  oxida¬ 
tion  of  the  phthalate  esters  of  the  higher  alcohols.  Oxalic 
acid  must  be  removed  before  the  lead  precipitation  because 
lead  oxalate  has  properties  similar  to  those  of  lead  phthalate. 
This  removal  of  oxalic  acid  was  accomplished  by  a  second 
oxidation,  using  potassium  permanganate. 


NOVEMBER  15,  1936 


ANALYTICAL  EDITION 


419 


At  first,  the  nitric  acid  oxidation  was  applied  to  the  free 
ester  plasticizers  and  yields  of  around  55  per  cent  were  ob¬ 
tained.  Then,  dry  cellulose  nitrate  was  also  added  to  the 
phthalate  plasticizer.  Oxidation  of  this  mixture  increased 
the  yields  to  around  75  per  cent.  Yields  were  determined 
from  the  lead  precipitation  of  the  phthalic  acid  after  the 
oxidation  of  the  ester.  This  increase  in  yields  showed  that 
the  decomposition  of  the  cellulose  nitrate  aided  the  oxidation 
of  the  phthalate  plasticizer.  The  concentration  of  the  nitric 
acid  was  changed  to  1  to  1,  as  previous  work  by  the  author 
proved  this  to  be  the  optimum  dilution  for  the  decomposition 
of  cellulose  nitrate.  The  effect  of  the  cellulose  nitrate  de¬ 
composition  indicated  that  the  plasticizer  would  have  to  be 
oxidized  during  the  oxidation  of  the  plastic  itself.  The  oxalic 
acid  would  be  increased,  but  this  could  be  easily  removed  with 
potassium  permanganate  along  with  the  oxalic  acid  of  the 
oxidized  side  chain  of  the  ester. 

The  mere  addition  of  the  dry  cellulose  nitrate  to  the 
phthalate  ester  made  a  very  heterogeneous  mixture  and 
hence  75  per  cent  yields  were  obtained.  By  a  careful  col- 
loiding  of  the  same  amount  of  cellulose  nitrate  with  the 
same  amount  of  the  plasticizer,  thereby  increasing  the 
homogeneity  of  the  mixture,  approximately  100  per  cent 
yields  were  obtained.  This  condition  likewise  simulated 
the  finished  manufactured  plastic.  Quantitative  results 
having  been  obtained,  even  when  aromatic  nitro  derivatives 
were  added,  the  following  procedure  was  adopted  for  the 
determination  of  the  phthalate  plasticizers  in  cellulose  nitrate 
plastics. 

Procedure 

Place  5  grams  of  the  plastic  in  a  500-cc.  boiling  flask,  fitted 
to  a  reflux  condenser  by  means  of  a  ground-glass  joint  (Scientific 
Glass  Apparatus  Co.  No.  1400).  Add  40  cc.  of  1  to  1  nitric 
acid  to  the  flask  and  reflux  the  mixture  at  the  full  heat  of  an 
electric  flask  heater  (Gilmer  type)  until  decomposition  is  com- 

!plete  and  a  clear  solution  is  obtained  (about  45  minutes).  Reflux 
for  about  30  minutes  longer  to  ensure  complete  reaction.  This 
oxidation  must  not  be  interrupted  or  the  results  will  be  low. 
Allow  to  cool  and  add  50  cc.  of  water.  Remove  flask  from  the 
condenser,  insert  a  glass  stopper,  and  cool  further,  with  shaking, 
under  the  tap.  Allow  to  stand  for  3  hours.  Insoluble  nitro 
compounds  will  settle  out,  if  present. 

Filter  through  a  No.  42  Whatman  filter  paper  into  a  400-cc. 
beaker,  washing  three  or  four  times  with  cold  water.  If  the 
volume  is  more  than  approximately  100  cc.,  place  on  a  hot  plate 
and  evaporate  to  this  volume.  Place  beaker  on  the  steam  bath 
and  add  small  amounts  of  potassium  permanganate  to  remove 
the  oxalic  acid.  Just  a  few  crystals  on  the  end  of  a  weighing 
spatula  are  added  each  time,  and  the  reaction  is  allowed  to 
complete  itself  before  the  next  addition.  This  is  continued  until 

Ja  large  precipitate  of  manganese  dioxide  persists,  and,  apparently, 
does  not  clear  up  at  the  heat  of  the  steam  bath.  Filter  off  the 
manganese  dioxide,  while  the  solution  is  hot,  into  a  250-cc. 
beaker,  and  wash  with  hot  water.  Place  the  beaker  on  a  slow 
hot  plate  and  evaporate  nearly  to  dryness;  then  bring  to  dryness 
on  the  steam  bath  to  remove  the  nitric  acid.  Lead  phthalate  is 
soluble  in  nitric  acid. 

After  evaporation,  the  beaker  contains  phthalic  acid  and 
manganese  salts.  Dissolve  these  in  50  cc.  of  warm  water,  add 
20  cc.  of  10  per  cent  lead  acetate  solution,  containing  10  cc.  of 
acetic  acid  per  100  cc.  of  solution.  Heat  on  a  hot  plate,  low 
beat,  until  the  volume  is  about  50  cc.  and  allow  to  stand  over¬ 
night.  Lead  phthalate  will  precipitate  as  a  white  crystalline 
precipitate.  Filter,  using  No.  42  filter  paper  and  washing  three 
or  four  times  with  cold  water  from  the  beaker  onto  the  filter. 
The  volume  of  the  washings  should  be  kept  at  a  minimum,  about 
20  cc.  In  some  cases,  lead  phthalate  crystals  will  adhere  to  the 
beaker.  Do  not  attempt  to  remove  these  with  a  policeman,  but 
allow  them  to  remain  in  the  beaker,  as  they  have  been  washed 
free  of  lead  acetate.  Add  15  cc.  of  1  to  1  nitric  acid  to  the 
beaker,  dissolving  these  crystals.  Now  place  a  400-cc.  beaker 
beneath  the  funnel  containing  the  lead  phthalate,  and  pour  the 
nitric  acid  solution  from  the  250-cc.  beaker  onto  the  filter  paper. 
When  the  solution  of  lead  phthalate  is  practically  complete, 
puncture  the  paper  with  the  stirring  rod  and  wash  the  contents 
into  the  400-cc.  beaker.  Then  add  10  cc.  of  sulfuric  acid,  pre¬ 
cipitating  lead  sulfate.  Evaporate  the  nitric  acid  completely 


and  take  up  in  100  cc.  of  one  part  alcohol  and  one  part  water. 
Allow  to  stand  2  hours,  filter  through  a  Gooch  crucible,  and 
weigh  the  lead  sulfate.  The  weight  of  lead  sulfate  is  calculated 
to  the  phthalate  plasticizer  sought,  by  one  of  the  following 
factors: 

PbSCb  to  diamylphthalate,  1.0096 
PbSCb  to  dibutylphthalate,  0.9166 
PbSC>4  to  diethylphthalate,  0.7324 
PbSC>4  to  dimethylphthalate,  0.6401 

Application  of  the  above  method  to.  known  weights  of  the 
plasticizers  colloided  with  known  weights  of  cellulose  nitrate 
in  the  laboratory  gave  the  results  in  Table  I. 

Commercial  plastics  of  known  composition  were  analyzed 
by  three  operators,  using  the  method  herein  submitted,  and 
gave  the  results  in  Table  II. 


Table  I.  Known  Weights 

of  Phthalate  Plasticizers 

Colloided  with  Cellulose  Nitrate 

Phthalate  Plasticizer 

Added 

Found 

Per  cent 

Per  cent 

Diamylphthalate 

5.82 

5.75 

4.97 

4.94 

4.89 

4.93 

Dibutylphthalate 

6.81 

6.78 

7.02 

7.00 

5.46 

5.41 

Diethylphthalate 

4.00 

4.06 

4.00 

3.95 

4.00 

3.99 

Dimethylphthalate 

5.97 

6.00 

5.88 

5.91 

5.39 

5.31 

Table  II. 

Analysis  of  Plastics 

Plasticizer  Added 

Plasticizer  Found 

Per  cent 

Per  cent 

4.85 

4.80 

4.86 

4.00 

3.96 

4.02 

2.93 

2.89 

2.87 

These  results  show  that  the  phthalate  plasticizers  in  cellu¬ 
lose  nitrate  plastics  may  be  determined,  in  the  presence  of 
color-forming  nitro  derivatives,  by  the  direct  oxidation  of 
the  ester  and  the  precipitation  as  the  lead  salt.  It  was  also 
found  that  aromatic  nitroamines  did  not  interfere. 
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A.  A  V 


Determination  of  Semi-Microquantities  of 

Phosphates 

In  the  Form  of  a  New  Complex  Compound,  [Co(NH3)5N03]H3PMo12041,  and 
Some  Observations  on  Analogous  Arsenic  and  Germanium  Compounds 

X.  HOV  ELL  FURMAN  AND  HAROLD  M.  STATE,1  Frick  Chemical  Laboratory,  Princeton,  N.  J. 


A  new  complex  compound,  [Co(NH3)5- 
N03]H3PMoi204i,  has  been  prepared  and 
analyzed  and  applied  to  the  determination 
of  semi-microquantities  of  phosphate.  The 
method  has  been  applied  to  the  estimation 
of  phosphorus  pentoxide  in  a  phosphate 
rock,  but  was  unsuccessful  when  applied  to 
phosphorus  in  steel.  Similar  complex  com¬ 
pounds  of  germanium  and  arsenic  were 
investigated,  but  the  determination  of  these 
elements  could  not  be  effected  with  these 
compounds. 

THE  high  molecular  weight  and  the  insolubility  of  am¬ 
monium  molybdophosphate  would  make  this  compound 
ideal  for  the  gravimetric  determination  of  phosphates,  were  it 
not  for  the  fact  that  the  pure  compound  can  rarely  be  obtained 
under  analytical  working  conditions.  Baxter  (1)  has  shown 
that  ammonium  molybdate  is  occluded  at  the  moment  of 
precipitation  and  that  the  process  of  occlusion  continues  even 
after  precipitation  is  complete.  In  spite  of  these  facts  nu¬ 
merous  methods  for  the  determination  of  phosphates  employ¬ 
ing  this  compound  are  to  be  found  in  the  literature ;  in  most 
of  these  procedures  satisfactory  results  are  obtained  only  by 
rigidly  adhering  to  the  conditions  of  precipitation  established 
by  the  authors  and  by  using  an  empirical  factor.  It  should 
be  mentioned,  however,  that  Ishibashi  ( 8 )  has  published  a 
method  in  which  the  theoretical  conversion  factor  is  used. 

In  recent  years  cobalt  and  chromium  ammines  have  been 
used  as  analytical  reagents  for  the  precipitation  of  certain 
anions.  As  examples  the  precipitation  of  vanadates  by 
means  of  hexammine-cobalti  ion  (12,  13)  and  of  ferrocyanides 
with  the  same  reagent  (7)  may  be  cited.  G.  Spacu  and  his 
associates  and  C.  Mahr  have  also  devised  many  analytical 
methods  for  cations  employing  ammines  of  various  types. 

In  this  paper  a  new  precipitation  method  for  phosphates 
based  on  the  insolubility  of  nitratopentammine-cobalti  do- 
decamolybdophosphate  is  described.  This  method,  while 
preserving  the  advantage  of  a  low  conversion  factor,  is  not 
subject  to  the  disadvantages  of  occlusion  and  post-precipita¬ 
tion  so  troublesome  with  ammonium  molybdophosphate. 
Some  attempts  to  determine  germanates  and  arsenates  by 
similar  methods  are  included  in  the  discussion. 

In  the  discussion  of  the  properties  and  characteristics  of 
heteropoly  acids  by  Ephraim  (4)  is  found  the  statement, 
“Characteristic  precipitates  are  also  produced  with  cobalt  and 
chromium  ammines — e.  g.,  [Co(NH3)6]X3.”  Nowhere  else 
has  any  reference  to  compounds  of  this  type  been  found, 
although  many  phosphates  and  molybdates  of  complex 
ammines  have  been  prepared  and  analyzed.  Only  two  am¬ 
mines  have  been  found  which  contain  both  phosphoric  acid 

1  Present  address:  Culver-Stockton  College,  Canton,  Mo. 


and  molybdic  acid.  These  were  described  by  Jorgensen  in 
1878  ( 9 ),  but  they  differ  in  both  formulas  and  properties  from 
the  salt  described  below. 

Several  new  ammine  salts  of  dodecamolybdophosphoric 
acid  were  prepared  by  adding  an  aqueous  solution  of  the 
ammine  to  a  solution  of  a  phosphate  containing  an  excess  of 
sodium  molybdate  and  sufficient  nitric  acid  to  form  the  hetero¬ 
poly  acid.  The  following  complex  ions  were  used:  [Co- 
(NH3)6]+++,  [Cr(NH3)6]+++,  [Co(NH3)5C1]++,  [CofNH,)*- 
C03]+,  [Co(NH3)4(N02)2]+  and  [Co(NH3)5N03]++.  Of 
these  the  last  was  found  to  yield  the  most  satisfactory  pre¬ 
cipitate  for  analytical  purposes;  the  hexammine  and  chloro- 
pentammine  salts  were  difficult  to  filter  and  wash,  while  the 
dinitrito  complex  gave  no  precipitate. 

Analysis  of  the  Compound 

Samples  for  analysis  were  prepared  and  dried  in  the  manner 
described  below  under  the  general  procedure  for  the  deter¬ 
mination  of  phosphates.  Ammonia  was  determined  by 
distillation  from  a  sodium  hydroxide  solution  into  an  excess 
of  standard  hydrochloric  acid,  the  excess  of  which  was  then 
titrated  with  sodium  hydroxide  using  methyl  red  as  indicator. 
Cobalt  and  phosphorus  were  determined  on  the  same  sample. 
The  sample  was  dissolved  in  100  ml.  of  water  containing  3  ml. 
of  concentrated  ammonium  hydroxide,  and  the  cobalt  pre¬ 
cipitated  by  saturation  with  hydrogen  sulfide.  The  washed 
sulfide  was  dissolved  in  a  mixture  of  nitric  and  sulfuric  acids 
and  finally  precipitated  and  weighed  as  C0NH4PO4.H2O 
according  to  the  method  of  Dakin  (3).  The  sulfide  filtrate 
was  oxidized  by  evaporation  with  nitric  acid,  and  the  phos¬ 
phorus  separated  by  double  precipitation  as  MgNHtPO* 
which  was  ignited  to  pyrophosphate  for  weighing.  Molyb¬ 
denum  was  determined  by  weighing  samples  into  dry  mercury 
reductors  and  shaking  with  4  N  hydrochloric  acid;  the  solu¬ 
tion  was  then  filtered  and  titrated  with  standard  ceric  sulfate 
solution  according  to  the  method  of  Furman  and  Murray  (5). 
Since  these  authors  had  not  studied  the  effect  of  cobalt  on  the 
reduction  of  molybdenum  by  mercury,  a  check  of  the  molyb¬ 
denum  content  of  the  salt  was  made  by  the  a-benzoinoxime 
method  of  Knowles  (11).  The  samples  were  dissolved  in  a 
minimum  of  freshly  prepared  sodium  hydroxide  solution  and 
warmed  until  all  ammonia  had  been  expelled.  The  addition 
of  10  ml.  of  concentrated  sulfuric  acid  readily  dissolved  the 
cobaltic  hydroxide,  and  the  determination  could  be  continued 
in  the  regular  manner. 

For  [Co(NH3)5N03]H3PMoi204i  the  following  percentages 
are  calculated : 


Percentages  Calculated 

Percentages  Found 

Co 

2.878 

2.87,  2.82 

NHs 

4.157 

4.187,  4.185 

P 

1.515 

1.51,  1.48 

Mo 

56.25 

Volumetric 

Gravimetric 

56.22,  56.34,  56.25,  56.49 
56.15,  56.39 

Materials  and  Apparatus.  The  nitratopentammine-co- 
baltinitrate  used  in  this  investigation  was  prepared  by  the  simple 
method  described  by  Jorgensen  (10);  cobaltous  nitrate,  iodine, 
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nitric  acid,  and  ammonium  hydroxide  are  the  only  materials 
necessary.  The  reagent  is  a  saturated  solution  of  this  salt,  made 
by  dissolving  about  8.5  grams  of  the  salt  in  1  liter  of  warm  water 
(40°  C.)  and  stirring  the  solution  frequently  until  it  had  cooled  to 
room  temperature.  The  solution  was  filtered  to  remove  the 
precipitated  salt  and  dust.  Even  in  a  clear  glass  bottle  unpro¬ 
tected  from  light  this  solution  is  stable  for  at  least  a  month. 

Acid  sodium  molybdate  was  prepared  from  Kahlbaum’s 
“molybdic  acid.”  This  material  was  first  ignited  to  a  dull  red 
heat  to  expel  ammonia  and  then  repeatedly  evaporated  with 
concentrated  nitric  acid  and  ignited  until  a  light  yellowish  green 
product  was  obtained.  One  hundred  grams  of  this  oxide  were 
dissolved  in  a  minimum  quantity  of  freshly  prepared  sodium 
hydroxide  solution;  the  solution  was  then  made  just  acid  (sul¬ 
furic  acid),  filtered,  and  diluted  to  500  ml.  The  solution  should 
be  colorless  or  at  most  have  only  a  very  faint  yellow  tinge. 

Some  difficulty  was  encountered  in  obtaining  substances  of 
sufficient  purity  and  of  suitable  composition  to  use  in  testing  the 
method;  hence  a  standard  phosphate  solution  was  made  from 
silver  phosphate  which  had  been  prepared  in  a  manner  similar  to 
that  used  by  Baxter  and  Jones  for  atomic  weight  work  (2). 
After  drying  15  hours  at  120°  C.,  8.8457  grams  of  the  silver  salt 
were  dissolved  in  600  ml.  of  water  plus  25  ml.  of  6  A  nitric  acid. 
Silver  chloride  was  precipitated  by  the  addition  of  a  slight  excess 
of  hydrochloric  acid  and  the  solution  filtered  into  a  calibrated  2- 
liter  (1999-ml.)  flask.  The  washed  precipitate  was  dried  and 
weighed  in  the  usual  manner  to  serve  as  a  check;  9.0830  grams  of 
silver  chloride  were  obtained,  which  is  the  equivalent  of  0.3278 
mg.  of  phosphorus  per  ml.  From  the  weight  of  silver  phosphate 
taken  one  calculates  0.3279  mg.  per  ml.  To  check  the  solution 
further  MgNEUPCh  was  precipitated  from  two  49.91-ml.  samples, 
yielding  in  both  cases  0.0586  gram  of  pyrophosphate  equivalent 
to  0.3271  mg.  of  phosphorus  per  ml.  The  value  calculated  from 
the  weight  of  silver  phosphate  was  taken  as  the  standard. 

For  the  study  of  the  effect  of  foreign  substances,  solutions  of 
ferric  sulfate,  calcium  acetate,  ammonium  sulfate,  and  potassium 
sulfate  containing  2  mg.  of  the  cation  per  ml.  were  prepared  from 
“reagent  grade”  salts.  These  salts  gave  no  precipitate  with 
acidified  ammonium  molybdate.  The  acids  used  during  the 
investigation  were  the  usual  laboratory  c.  p.  reagents. 

Calibrated  weights  and  pipets  were  used  throughout  the  in¬ 
vestigation. 

Procedure  for  Determination  of  Phosphates 

To  the  phosphate  solution  add  6  ml.  of  6  N  sulfuric  acid  and 
evaporate  to  5  to  8  ml.  If  more  than  a  fraction  of  a  per  cent 
of  hydrochloric  or  nitric  acid  or  any  hydrofluoric  acid  is  present, 
evaporate  in  a  suitable  vessel  to  gentle  fuming;  cool  and  dilute  to 
5  to  8  ml.  Add  1  ml.  of  acid  sodium  molybdate  solution  for  each 
milligram  of  phosphorus  present  and  heat  to  approximately  90°  C. 
on  a  hot  plate.  Add  sufficient  saturated  nitratopentammine- 
cobaltinitrate  solution  to  color  the  supernatant  liquid  pink,  then 
3  to  5  ml.  in  excess.  Stir  the  solution  and  keep  it  at  90°  for  at 
least  5  minutes.  With  less  than  2  mg.  of  phosphorus  the  pre¬ 
cipitate  forms  slowly;  stirring  and  gently  scratching  the  inside 
of  the  beaker  hasten  precipitation.  Occasionally,  especially 
when  the  quantity  of  cobalt  reagent  required  is  large,  a  flocculent 
pink  precipitate  forms  which  may  require  more  than  5  minutes’ 
digestion  to  convert  it  to  the  tan  crystalline  precipitate  desired. 

If  the  volume  of  solution  exceeds  18  to  20  ml.,  it  should  be 
evaporated  to  this  volume.  Cool  to  room  temperature  and  filter 
through  a  tared  filtering  crucible.  Wash  free  of  sulfuric  acid 
with  0.3  N  nitric  acid,  then  once  with  a  small  quantity  of  water. 
Dry  the  precipitate  by  washing  down  the  sides  of  the  crucible 
with  three  5-ml.  portions  of  95  per  cent  alcohol  followed  by  two 
similar  portions  of  ether;  draw  air  through  the  crucible  for  5 
minutes  to  evaporate  the  ether,  wipe  off  the  outside  with  a  clean, 
lintless  cloth,  and  then  allow  it  to  stand  for  30  minutes  in  an 
evacuated  desiccator  containing  calcium  chloride. 

The  theoretical  factors  are  used;  the  weight  of  the  pre¬ 
cipitate  multiplied  by  0.01515  gives  the  weight  of  phosphorus 
or  multiplication  by  0.03468  gives  the  weight  of  phosphorus 
pentoxide.  Representative  results  obtained  by  this  pro¬ 
cedure  are  shown  in  Table  I. 

The  appreciable  solubility  of  the  compound  necessitates 
keeping  the  volume  of  the  solution  from  which  it  is  precipi¬ 
tated  as  small  as  possible.  Various  organic  liquids  were 
added  to  the  solution  in  an  attempt  to  decrease  the  solubility. 
Ethyl  and  methyl  alcohols  added  to  the  hot  solution  before 
precipitation  reduced  the  amount  of  precipitate  to  a  trace; 
if  added  to  the  cold  solution  after  the  precipitate  had  formed, 


partial  decomposition  of  the  compound  resulted  with  the 
formation  of  the  pink  flocculent  molybdate  of  the  ammine. 
Similar  results  were  obtained  with  isopropyl  alcohol  and 
acetone.  Since  the  volume  must  be  kept  small,  the  method  is 
immediately  limited  to  comparatively  small  quantities  of 
phosphate  for,  when  more  than  16  mg.  of  phosphorus  are  to  be 
determined,  the  volume  of  the  cobalt  ammine  solution  re¬ 
quired  to  precipitate  it  completely  is  excessive. 

Table  I.  Determination  of  Phosphate  as  [Co(NH3)5N03]- 

H3PM012O41 


Volume  of 


Standard 

Weight  of 

Phosphorus 

Phosphorus 

Solution 

Precipitate 

Found 

Taken 

Ml. 

Grams 

Mg. 

Mg. 

1.99 

0.0403 

0.61 

0.65 

1.99 

0.0412 

0.62 

0.65 

4.99 

0.1071 

1.62 

1.64 

4.99 

0. 1077 

1.63 

1.64 

10.01 

0.2178 

3.30 

3.28 

10.01 

0.2181 

3.30 

3.28 

24.94 

0.5395 

8. 17 

8.18 

24.94 

0.5446 

8.25 

8.18 

49.91 

1 . 0804 

16.37 

16.37 

49.91 

1.0791 

16.33 

16.37 

Because  of  the  solubility  of  the  compound  in  dilute  nitric 
acid  (approximately  60  mg.  per  100  ml.),  the  wash  liquid 
used  in  the  first  experiments  was  saturated  with  the  com¬ 
pound.  In  preparing  this  solution  it  was  noticed  that  long 
shaking  was  necessary  to  attain  saturation,  and  this  slow 
rate  of  solution  makes  possible  the  use  of  diluted  nitric  acid. 
Equally  good  results  were  obtained  with  0.3,  0.5,  or  even  1.0 
N  acid  as  wash  liquid  as  with  the  saturated  solution.  For 
ordinary  work  0.3  N  acid  is  recommended,  but  when  much 
calcium  is  present  it  is  advantageous  to  use  0.5  N  acid  because 
of  the  greater  solubility  of  calcium  sulfate  in  the  stronger  acid. 

The  method  of  drying  the  precipitate  which  has  been 
described  was  the  only  satisfactory  means  found.  At  both 
105°  and  160°  C.,  the  compound  loses  weight  slowly  but 
steadily  for  approximately  20  hours;  during  this  interval  the 
compound  turns  brown,  probably  indicating  the  loss  of  water 
of  constitution.  A  slow  stream  of  dry  air  blown  directly  into 
the  crucible  during  the  heating  failed  to  shorten  the  time 
required  to  bring  the  material  to  constant  weight,  and  tem¬ 
peratures  much  above  160°  are  unsafe  since  decomposition  of 
the  compound  begins. 

The  removal  of  nitric  and  hydrochloric  acid  from  the  solu¬ 
tion  is  necessary  to  prevent  the  precipitation  of  molybdenum 
oxide  from  the  hot  solution,  while  the  presence  of  hydrofluoric 
acid  prevents  the  formation  of  the  heteropoly  acid.  The 
fuming  with  sulfuric  acid  must  not  be  continued  too  long  to 
avoid  volatilization  of  metaphosphoric  acid  (6).  Six  milli¬ 
liters  of  6  N  sulfuric  acid  were  found  sufficient  and  satisfactory 
for  all  determinations,  but  this  amount  could  be  doubled 
without  affecting  the  results.  A  large  excess  of  sodium 
molybdate  does  not  seem  to  be  necessary  for  complete  pre¬ 
cipitation;  a  3-  to  5-fold  excess  is  sufficient. 

Effect  of  Foreign  Ions 

With  a  view  to  applying  this  method  to  the  estimation  of 
phosphorus  in  phosphate  rock  and  in  alloys,  the  effects  of  iron 
and  calcium  were  studied.  No  manipulative  difficulty  was 
encountered  with  iron  or  small  amounts  of  calcium,  but  when 
large  quantities  of  the  latter  element  were  present,  calcium 
sulfate  crystallized  along  with  the  phosphate  precipitate. 
Since  this  compound  is  appreciably  soluble  in  dilute  acids,  it 
could  be  dissolved  out  of  the  filtered  precipitate  during  the 
washing  process.  At  best  this  process  is  rather  slow;  it  may 
be  hastened  somewhat  by  using  0.5  N  nitric  acid  for  the  wash 
liquid  and  by  allowing  each  portion  to  remain  in  contact  with 
the  precipitate  for  a  short  time  before  drawing  it  through. 
Results  are  shown  in  Table  II. 
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Table  II.  Determination  of  Phosphorus  in  the  Presence 
of  Calcium  and  Iron 

Volume  of 


Standard. 

Other  Ions 

Weight  of 

Phosphorus 

Phosphorus 

Solution 

Fe  +  +  + 

Ca  +  + 

Precipitate 

Found 

Taken 

Ml. 

Mg. 

Mg. 

Gram 

Mg. 

Mg. 

1.99 

100 

0.0434 

0.66 

0.65 

4.99 

10 

0.1105 

1.67 

1.64 

4.99 

10 

0.1053 

1.60 

1.64 

4.99 

50 

0.1012 

1.53 

1.64 

4.99 

50 

0.1137 

1.72 

1.64 

4.99 

50 

0.1096 

1.66 

1.64 

24.94 

10 

0 . 5463 

8.28 

8.18 

24.94 

50 

0.5408 

8.19 

8.18 

24.94 

100 

0 . 5424 

8.22 

8.18 

4.99 

100 

0.1105 

1.67 

1.64 

1.99 

50 

0.0421 

0.64 

0.65 

10.01 

50 

0.2170 

3.29 

3.28 

24.94 

10 

0.5428 

8.22 

8.18 

10.01 

10 

10 

0.2167 

3.28 

3.28 

10.01 

50 

50 

0.2138 

3.24 

3.28 

1.99 

50 

50 

0.0425 

0.64 

0.65 

Because  of  the  insolubility  of  the  ammonium  and  potassium 
salts  of  molybdophosphoric  acid,  the  effect  of  these  ions  was 
also  studied.  With  ammonium  salts  and  large  amounts  of 
potassium  salts,  the  yellow  precipitate  forms  before  the 
addition  of  the  cobalt  ammine;  in  the  case  of  potassium  this 
precipitate  gives  way  to  the  cobalt  ammine  precipitate,  but 
the  final  precipitate  obtained  in  the  presence  of  ammonium 
salts  is  usually  contaminated  by  the  yellow  salt.  This  could 
be  ascertained  microscopically  if  it  were  not  already  apparent 
to  the  unaided  eye.  The  microscope  failed  to  reveal  the 
presence  of  any  potassium  molybdophosphate  in  the  precipi¬ 
tates  thrown  down  in  solutions  containing  this  ion ;  the  flame 
test  is  uncertain,  since  molybdenum  gives  a  red  line  near  that 
characteristic  of  potassium.  The  precipitates  were  not 
examined  spectroscopically.  The  results  in  the  presence  of 
ammonium  and  potassium  ions  are  shown  in  Table  III. 


Table  III. 

Determination  of  Phosphorus  in  the  Presence 

of  Potassium  and  Ammonium  Ions 

Phosphorus 

Other  Ions 

Weight  of 

Phosphorus 

Taken 

nh4+ 

K  + 

Precipitate 

Found 

Remarks 

Mg. 

Mg. 

Mg. 

Gram 

Mg. 

0.65 

10 

0 . 0405 

0.61 

No  NH4  salt 

found  in 

precipitate 

0.65 

50 

0 . 0445 

Bright  yellow 

precipitate 

1.64 

10 

0.1086 

1.65 

Some  NH4 

salt 

1.64 

50 

Not  weighed 

99%  NH4  salt 

0.65 

20 

0.0419 

0 .'  63 

0.65 

50 

0.0427 

0 . 65 

0.65 

100 

0.0446 

0.68 

3.28 

20 

0.2154 

3.26 

3.28 

50 

0.2167 

3.28 

8.18 

10 

0.5427 

8.22 

8.18 

50 

0 . 5405 

8. 19 

8.18 

100 

0.6451 

9.67 

8.18 

100 

0.5311 

8.05 

Citrates,  tartrates,  and  presumably  other  similar  hydroxy 
acids  prevent  the  complete  precipitation  of  the  phosphate  by 
uniting  with  the  molybdenum  to  form  stable  complexes.  In 
the  presence  of  0.5  gram  of  either  of  these  acids  the  recovery 
of  phosphorus  was  never  complete;  usually  about  two- 
thirds  of  the  quantity  present  was  found. 

Application  to  the  Analysis  of  a  Phosphate  Rock. 
Thirty-  to  fifty-milligram  samples  of  Bureau  of  Standards  phos¬ 
phate  rock  number  56  were  weighed  into  platinum  crucibles, 
treated  with  5  ml.  of  6  A  nitric  acid  and  2  ml.  of  48  per  cent 
hydrofluoric  acid,  and  evaporated  to  dryness  on  a  hot  plate. 
The  evaporation  with  dilute  nitric  acid  was  repeated  once.  Six 
milliliters  of  6  N  sulfuric  acid  were  then  added  and  evaporated  to 
the  concentrated  acid.  When  this  stage  was  reached  the  acid 
was  held  at  just  below  fuming  temperature  for  half  an  hour. 
After  cooling,  the  acid  was  diluted  somewhat  and  filtered;  hot, 
dilute  sulfuric  acid  (1  part  of  concentrated  acid  to  250  parts  of 
water)  was  used  to  wash  the  paper.  After  evaporation  to  small 
volume,  the  precipitation  of  the  complex  was  done  in  the  usual 
manner.  Results  of  six  successive  analyses  are  shown  in  T able  IV. 

There  is  a  tendency  for  the  results  to  be  low.  This  may  be 
due  to  incomplete  removal  of  fluorides.  When  the  sulfuric 


acid  was  fumed,  very  low  percentages  were  found.  This 
procedure  converts  a  portion  of  the  phosphoric  acid  to  the 
meta  acid  which  reverts  slowly  to  the  ortho  acid;  some  of  the 
meta  acid  may  also  be  volatilized  ( 6 ).  Numerous  attempts 
were  made  to  avoid  the  use  of  hydrofluoric  acid  by  treating 
the  rock  with  nitric  and  sulfuric  acids  and  evaporating  twice 
to  gentle  fuming,  removing  the  silica  after  each  evaporation. 
In  these  experiments  the  percentage  of  P205  found  was  high, 
as  shown  in  Table  V.  These  high  values  are  probably  the 
result  of  incomplete  removal  of  silica  by  the  short,  gentle  fum¬ 
ing;  whatever  silica  remained  would  form  a  heteropoly  acid 
and  precipitate  along  with  the  phosphorus  compound. 

Table  IV.  Results  of  Analyses 


Weight  of 

Weight  of 

PsO* 

Sample 

Precipitate 

Found 

Gram 

Gram 

% 

0 . 0308 

0 . 2774 

31.24 

0.0373 

0.3351 

31.16 

0 . 0495 

0.4398 

30.82 

0.0271 

0 . 2449 

31.35 

0.0491 

0 . 4424 

31.25 

0.0331 

0.2960 

Average 

31.02 

31.14 

Bureau  of  Standards  analysis 

31.33 

The  results  obtained  by  either  of  these  procedures,  while 
wanting  somewhat  in  accuracy,  show  less  spread  than  the 
results  reported  to  the  bureau  by  six  analysts  whose  extreme 
values  were  31.22  and  32.29  per  cent.  The  method  should  be 
useful  in  commercial  rock  analysis. 

Finally  it  should  be  mentioned  that  attempts  were  made  to 
estimate  phosphorus  in  steel  by  the  cobalt  ammine  method, 
but  without  success.  To  avoid  working  with  small  volumes 
which,  when  3-gram  samples  were  taken,  produced  a  viscous 
solution  from  which  no  precipitate  could  be  obtained,  50  ml. 
of  the  cobalt  ammine  reagent  saturated  with  the  precipitate 
were  added  to  the  concentrated  solution  of  the  sample. 
Even  prolonged  shaking  yielded  no  precipitate.  Ferric  and 
phosphate  ions  react  in  solution  to  form  complexes,  and  it  may 
be  that  a  large  excess  of  molybdate  ion  is  necessary  to  form 
molybdophosphoric  acid  in  thp  presence  of  much  iron.  In 
such  circumstances  the  cobalt  ammine  method  is  scarcely 
applicable. 

Attempts  to  Apply  Ammines  to  Determination  of 
Germanates  and  Arsenates 

Heteropoly  acids  similar  to  dodecamolybdophosphoric  acid 
are  formed  by  both  germanates  and  arsenates,  and  it  was 
thought  that  these  ions  might  be  determined  in  a  manner 
analogous  to  that  employed  above  for  the  determination  of 
phosphates.  Numerous  experiments  showed,  however,  that 
the  estimation  of  the  former  was  uncertain,  satisfactory  re¬ 
sults  being  obtained  in  perhaps  50  per  cent  of  the  attempts; 
the  precipitation  of  the  latter  was  always  incomplete.  In  the 
case  of  arsenates  this  may  be  attributed  to  the  fact  that  the 
heteropoly  acid  forms  readily  only  at  moderately  elevated 
temperatures  at  which  the  ammine  salt  is  too  soluble  to  pre¬ 
cipitate;  on  cooling,  the  acid  reverts  to  its  components  and 
the  concentration  in  the  solution  is  so  low  that  the  solubility 
product  of  the  ammine  salt  is  not  exceeded.  Two  milligrams 
of  arsenic  as  sodium  arsenate  gave  only  a  few  crystals  when 
treated  in  the  manner  described  for  the  precipitation  of  phos¬ 
phorus.  Long  standing  did  not  increase  the  quantity. 


Table  V.  Phosphate  Found 


Weight  of 

Weight  of 

PjOi 

Sample 

Aliquot 

Precipitate 

Gram 

Gram 

% 

0 . 0249 

1 

0.2269 

31.60 

0.1387 

0.5 

0.6287 

31.44 

0.1587 

0.5 

0.7221 

31.56 

0 . 0373 

1 

0.3363 

31.27 

0.0351 

1 

0.3210 

31.71 
Av.  31.51 
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Chloropentammine-cobaltichloride  was  found  to  be  the 
most  suitable  ammine  for  the  precipitation  of  germanates. 
Partial  analysis  of  the  compound  indicated  its  formula  to  be 
[Co(NH3)6Cl]2H4Ge(Mo207)6-  Since  some  of  the  results  were 
satisfactory,  a  variety  of  conditions  was  tried  in  an  attempt 
to  learn  what  factor  in  the  precipitation  was  responsible  for 
the  uncertain  values  often  obtained.  Experiments  were  per¬ 
formed  in  which  (1)  the  quantity  of  molybdenum  oxide  was 
decreased  to  just  a  trifle  over  the  theoretical  amount  and  the 
acid  concentration  was  reduced  to  a  point  at  which  the  am¬ 
mine  molybdate  just  stayed  in  solution,  (2)  the  temperature 
of  precipitation  and  the  time  of  digestion  at  this  temperature 
were  carefully  controlled,  (3)  the  temperature  to  which  the 
solution  was  cooled  before  filtering  was  controlled,  (4)  the 
time  of  standing  before  filtration  was  varied,  and  (5)  precipi¬ 
tation  was  made  in  a  cold  solution  with  shaking.  None  of 
these  variations  led  to  consistent  results;  duplicate  samples 
sometimes  differed  10  to  50  per  cent. 
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Fluorescent  Light  Microscopy 

Possible  New  Applications  to  Industrial  Research 

C.  J.  FROSCH1  AND  E.  A.  HAUSER,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


THE  application  of  fluorescence — that  is,  visible  light 
emanated  by  a  substance  which  is  being  irradiated  with 
invisible  ultraviolet  light — in  microscopy  is  not  of  recent  date. 
However,  the  development  has  been  slow,  mainly  because  of 
the  technical  difficulty  of  obtaining  sufficiently  concentrated 
light  of  high  intensity  in  the  ultraviolet  spectrum.  Only 
comparatively  recently  has  it  been  possible  to  devise  such 
light  sources. 

Haitinger’s  (#)  great  contribution  to  the  final  improvement 
of  the  light  source,  as  the  result  of  a  systematic  spectrographic 
search,  was  the  introduction  of  iron  electrodes  that  give  an 
extremely  efficient  radiation  between  3000  and  4000  A. 
These  electrodes  are  held  in  specially  constructed  brackets, 
guaranteeing  effective  cooling.  They  are  bored  vertically,  to 
enable  filling  this  channel  with  a  substance  that  prevents 
excessive  oxide  formation,  so  that  the  arc  can  be  easily  started. 
This  feature  also  assists  materially  in  obtaining  a  very  stable 
quiet  arc.  In  collaboration  with  the  firm  C.  Reichert,  this 
new  light  source  has  been  optically  perfected,  so  that  we  have 
at  our  disposal  today  in  the  “Kam  F”  (Reichert  catalog  Kam, 
List  6094e)  high-efficiency  equipment  for  fluorescence  micros¬ 
copy  which  has  already  proved  its  value,  notably  in  botany 
and  biology.  The  voluminous  literature  concerned  with 
microscopical  ultraviolet  studies  in  general  fields,  the  textile 
and  paper  industries,  dyestuffs,  tanning  agents,  resins,  rubber, 
pearls,  botany,  biology,  and  analytical  chemistry,  indicates 
the  importance  of  such  investigations,  but,  in  the  authors’ 
opinion,  the  ultraviolet  microscope  has  not  yet  received  the 
attention  it  so  richly  deserves,  because  its  application  to  the 
study  of  industrial  and  theoretical  physical  phenomena  has 
so  far  been  neglected. 

The  authors  therefore  decided  to  determine  in  a  series  of 
preliminary  studies  some  possible  uses  of  this  instrument  in 
industrial  and  theoretical  physical  research.  The  studies 
were  carried  out  in  a  very  general  manner  in  order  to  deter¬ 
mine  as  many  applications  as  possible  and  the  findings  re¬ 
ported  here  are  therefore  only  of  a  broad  introductory  nature. 
However,  it  is  hoped  that  they  may  form  the  basis  of  further 
and  more  intensive  research  along  the  fines  indicated,  or  sug- 

1  Present  address:  Bell  Telephone  Laboratories,  New  York,  N.  Y. 


gest  other  possible  uses  for  the  fluorescent  fight  microscope 
that  have  not  yet  been  considered. 

Emulsification 

The  phenomenon  of  emulsification  depends  essentially  upon 
the  dispersion  of  one  immiscible  liquid  in  another.  Considera¬ 
tion  of  the  theories  of  emulsification  and  modern  methods 
used  in  the  preparation  and  study  of  these  systems  (I)  led 
to  the  belief  that  visual  observations  of  emulsification  might 
be  made  with  the  fluorescent  fight  microscope. 

The  first  essential  in  any  study  with  the  fluorescent  fight 
microscope  is  to  obtain  materials  which  are  visible  in  the  field 
of  the  instrument,  because  of  the  natural  fluorescent  character¬ 
istics  of  the  components  present  or  the  addition  of  small 
amounts  of  adsorbable  fluorescent  substances,  so-called 
“fluorochromes.”  It  is  also  most  valuable  in  studying  a 
system  of  two  or  more  components  to  obtain  as  many  fluores¬ 
cent  color  differences  in  the  excited  visible  fight  as  there  are 
constituents  in  the  system,  unless  these  can  be  clearly 
identified  by  structural  or  other  properties.  Since  a  two- 
component  system  is  the  simplest  type  of  emulsion  possible, 
it  was  deemed  advisable  to  begin  with  the  study  of  an  emul¬ 
sion  of  water  and  a  neutral  oil.  Pure  water  is  known  to  be 
nonfluorescing,  so  that  it  remained  to  select  an  oil  which  would 
exhibit  suitable  fluorescence.  A  purified  paraffin  oil  exhibits 
a  very  faint  blue  fluorescence  which  was  not  considered  suf¬ 
ficiently  pronounced  for  the  studies  in  mind.  There  are  other 
oils  which  exhibit  very  pronounced  fluorescence,  but  when  an 
inactive  hydrocarbon,  such  as  anthracene,  is  dissolved  in 
paraffin  oil  it  becomes  very  strongly  fluorescent  in  the  deep 
blue. 

When  a  drop  of  water  is  brought  in  contact  with  a  drop 
of  anthracene- treated  paraffin  oil  on  a  u.  v.  transmitting  slide 
and  the  system  is  immediately  observed  with  the  ultraviolet 
fight  microscope,  using  transmitted  fight,  only  the  drop  of 
blue  fluorescing  oil  is  visible  in  the  field.  [The  magnification 
throughout  these  studies  was  maintained  at  99  diameters 
(11 X  objective,  9X  ocular)  since  this  was  found  to  give  the 
best  resolution  of  the  phases  in  the  systems  considered.] 
As  the  time  of  observation  increases,  tiny  crystals  exhibiting 
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a  light  greenish  blue  fluorescence  are  seen  to  form  in  the  oil 
drop  close  to  the  interface.  The  crystals,  in  a  fairly  wide  band 
extending  from  the  oil-water  interface  into  the  main  body  of 
the  oil  drop,  are  in  constant  directional  motion  almost  parahel 
to  the  interface  but  gradually  moving  to  the  oil  side  of  the 
oil-water  interface,  where  they  aggregate  in  clusters  with  con¬ 
tinued  but  noticeably 
slower  motion  along  the 
interface  (Figure  1). 
No  motion  or  orienta¬ 
tion  of  the  crystals  is 
noticeable  in  the  re¬ 
mainder  of  the  oil  drop. 
Still  another  interesting 
effect  can  be  seen  along 
the  oil  side  of  the  oil- 
water  interface  extend¬ 
ing  for  a  comparatively 
short  distance  from  the 
oil-water-air  interface, 
where  not  only  is  no  crystallization  visible  but  also  no  tend¬ 
ency  for  crystal  movement  into  these  regions. 

The  above  admittedly  preliminary  experiment  indicates 
visually  the  movement  of  crystals  in  an  oil-water  interface 
and  no  doubt  analogous  effects  take  place  when  solids  are  used 
in  emulsification  processes.  The  crystals  might  thus  be  com¬ 
pared  to  solid  emulsifiers  and  it  might  be  inferred  from  these 
observations  that  the  stabilization  of  an  emulsion  with  a  solid 
depends  upon  the  formation  of  a  protective  film  of  the  solid 
at  the  interface  in  the  phase  which  wets  the  solid  most 
readily.  The  latter  suggestion  was  not  investigated  in  detail 
in  the  present  survey,  but  it  is  felt  that  a  complete  investiga¬ 
tion  of  emulsification  with  solids  offers  a  very  fertile  field  of 
research  with  the  fluorescent  microscope. 

It  has  long  been  known  that  ultraviolet  light  promotes 
crystal  growth  from  solution,  although  the  possibihties  of  this 
phenomenon  have  not  as  yet  been  sufficiently  considered. 
The  anthracene  crystallization  from  the  paraffin  oil  evidently 
took  place  from  a  solution  which  was  not  supersaturated  with 
anthracene,  since  it  was  ascertained  that  this  crystallization 
takes  place  in  the  absence  of  water,  and  continued  irradiation 
of  an  oil  drop  with  ultraviolet  markedly  decreases  the  in¬ 
tensity  of  the  original  blue  fluorescence  of  the  oil  solution. 
This  crystallization  effect  would  indicate  that  the  solubility 
of  anthracene  in  paraffin  oil  is  decidedly  less  in  ultraviolet 
than  in  visible  fight.  However,  it  has  been  shown  ( 6 )  that 
anthracene  is  converted  into  dianthracene,  a  less  soluble  form, 
when  irradiated  with  ultraviolet,  the  amount  of  the  conver¬ 
sion  being  proportional  to  the  amount  of  energy  absorbed. 
This  conversion  effect  is  true  for  other  organic  compounds, 
but  it  is  also  stated  ( 6 )  that  dianthracene  is  not  fluorescent, 
whereas  the  crystals  referred  to  above  exhibited  a  decided 
greenish  blue  fluorescence.  This  would  indicate  either  that 
these  crystals  are  not  dianthracene,  or  that  anthracene  is 
adsorbed  on  the  dianthracene  crystals,  causing  them  to 
fluoresce,  or  contrary  to  the  former  statement,  that  dianthra¬ 
cene  is  naturally  fluorescent.  Further  study  is  necessary  to 
decide  the  issue,  but  it  would  seem  that  ultraviolet  fight  might 
be  advantageously  applied  in  crystal-purification  methods  in 
spite  of  the  possible  formation  of  polymers,  since  these  are 
generally  reversible  and  are  usually  easily  reconverted  to  the 
original  compound. 

A  solution  of  rosin  in  an  asphalt-base  crude  oil  fluoresces 
a  greenish  blue  in  the  ultraviolet  and  remains  stable  with 
time.  If  a  drop  of  water  is  brought  in  contact  with  a  drop 
of  this  oil  and  the  system  is  observed  with  transmitted  ultra¬ 
violet  fight  in  the  microscope,  no  change  is  noticeable  at  the 
oil-water  interface.  Upon  stirring  a  small  amount  of  oil  into 
the  water  drop  in  the  field  of  the  instrument,  greenish  blue 
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droplets  of  oil  are  seen  to  be  dispersed  in  the  water  and  it  is 
particularly  noticeable  that  these  droplets  are  homogeneous 
in  color  structure.  When  a  drop  of  1  per  cent  solution  of 
sodium  hydroxide  instead  of  water  is  brought  in  contact  with 
a  drop  of  oil  containing  rosin,  a  beautiful  blue  fluorescent  band 
is  visible  at  the  interface  between  the  two  liquids.  This  band 
is  no  doubt  due  to  the  formation  of  sodium  resinate,  which 
being  capillary-active  is  adsorbed  at  the  interface,  exhibiting 
its  characteristic  blue  fluorescence.  The  effect  of  this  ad¬ 
sorption  is  more  strikingly  demonstrated  when  the  two  drops 
are  stirred  together,  for  each  droplet  is  observed  to  be  sur¬ 
rounded  with  a  strongly  fluorescent  blue  ring  (Figure  2). 
It  should  be  pointed  out  that  the  visibility  of  this  band  is 
dependent  upon  the  size  of  the  droplets,  because  it  is  evident 
that  this  adsorption  effect  must  take  place  around  the  entire 
drop  and  is  visible  as  a  ring  only  because  of  the  thickness  of 
the  droplets.  This  is  readily  demonstrated  with  incident  fight, 
for  the  oil  droplets  in  pure  water  remain  as  before  a  greenish 
blue,  whereas  those  in  sodium  hydroxide  solution  exhibit  a 
deep  blue  fluorescent  color  throughout. 

It  is  generally  known  that 
sodium  resinate  tends  to  form 
oil-in-water  emulsions,  whereas 
calcium  resinate  tends  to  form 
water-in-oil  emulsions.  This 
suggested  the  study  of  an  emul¬ 
sion  of  the  water-in-oil  type  by 
using  calcium  chloride  instead 
of  the  sodium  hydroxide  used 
in  the  previous  experiments. 
A  drop  of  a  1  per  cent  solution 
of  calcium  chloride  is  brought 
in  contact  with  a  drop  of  rosin- 
treated  oil  and  the  system  is 
observed  in  the  ultraviolet  microscope.  A  beautiful  band  of 
blue  fluorescence  is  again  noticeable  at  the  oil-water  interface. 
Wfien  the  two  drops  are  mixed  in  the  field  of  the  instrument, 
a  rather  unstable  dispersion  is  formed,  but  in  this  case  the  blue 
rings  are  not  visible  around  the  dispersed  phase.  This  is  to 
be  expected,  since  the  continuous  phase  is  now  oil  which 
fluoresces  a  bluish  green  and  hence  obscures  the  blue  color  of 
the  calcium  resinate  adsorbed  on  the  surface  of  the  water 
droplets. 


GREENISH- BLUE 
—  BRIGHT  BLUE 

Figure  2 


This  study  with  the  two  types  of  emulsions  suggested  the 
possibility  of  using  the  fluorescent  microscope  to  determine 
the  dispersing  phase  in  an  emulsion.  "When  a  crystal  of  anthra¬ 
cene,  which  is  oil-soluble,  is  added  to  the  above  emulsion  pre¬ 
pared  with  calcium  chloride,  a  blue  fluorescent  halo  develops 
around  the  crystal  and  gradually  spreads  through  the  system. 
This  demonstrates  that  the  emulsion  prepared  with  calcium 
chloride  is  of  the  water-in-oil  type.  If  the  same  procedure  is 
now  repeated  with  the  sodium  hydroxide  emulsion  as  used 
above,  no  halo  is  formed  around  the  anthracene  crystal,  indi¬ 
cating  that  the  dispersing  phase  in  this  case  is  water  and  the 
emulsion  is  of  the  oil-in-water  type  (Figure  3) . 

Ore  Flotation 

The  concentration  of  ores  by  flotation  depends  essentially 
upon  the  preferential  surface  conditioning  of  minerals  to  cause 


ANALYTICAL  EDITION 


425 


NOVEMBER  15,  1936 

them  to  become  attached  to  air  bubbles  and  thus  be  floated, 
whereas  the  accompanying  gangue  or  tailing,  being  unaf¬ 
fected  by  the  treatment,  remains  in  equilibrium  with  the 
water  phase  and  hence  sinks.  The  principles  of  ore  flotation 
as  they  have  been  suggested  by  both  practical  application  and 
theoretical  research  have  been  adequately  considered  in  the 
literature  (5),  but  the  nature  of  the  mechanism  of  this  action 
is  for  the  most  part  still  very  indefinite.  Actually  following 
the  process  of  ore  flotation  by  some  visual  method  would 
therefore  seem  extremely  important.  Tins  suggests  the  use 
of  the  fluorescent  light  microscope  if  one  could  distinguish 
differential  fluorescence  in  the  systems  studied.  The  par¬ 
ticular  system  considered  in  this  article,  the  flotation  of  galena 
from  sand  with  oleic  acid  and  amyl  alcohol,  is  only  one  of  a 
great  many  possible  systems,  but  it  demonstrates  the  value 
of  the  ultraviolet  light  microscope  in  such  studies. 

When  a  mixture  of  galena,  sand,  amyl  alcohol,  oleic  acid, 
and  water  is  shaken  in  a  test  tube  and  the  tube  is  held  in  the 
path  of  ultraviolet  light,  it  is  immediately  evident  that  the 
foam  on  the  surface  is  very  strongly  fluorescent  in  blue,  while 
the  main  body  of  the  liquid  is  much  less  so.  This  effect  is 
more  marked  at  fairly  low  concentrations  of  oleic  acid  and 
amyl  alcohol  if  the  proportions  of  the  solid  constituents  in 
the  system  are  kept  relatively  constant.  Since  the  foam,  ac¬ 
cording  to  suggested  theories,  contains  the  galena  ore  as  well 
as  the  greater  portion  of  the  oleic  acid  and  amyl  alcohol,  a 
study  of  the  ore-flotation  process  with  the  fluorescent  light 
microscope  seems  feasible. 

In  actual  ore-flotation  processes  the  efficiency  of  the  ore 
i  separation  is  dependent  in  part  upon  the  size  of  the  solid  par¬ 
ticles  in  the  system.  A  few  tentative  experiments  were  there¬ 
fore  made  to  determine  the  most  suitable  particle  size  for  the 
studies  in  mind.  Solid  particles  of  sand  and  galena  passing 
through  a  20-mesh  but  retained  by  a  48-mesh  screen  seemed 
to  be  best. 

Galena  ore  observed  in  the  fluorescent  light  microscope  does 
not  fluoresce  with  transmitted  ultraviolet  light,  although  a 
I  very  faint  reddish  fluorescence  is  noticeable  with  incident 
light,  and  the  wetting  of  the  galena  particles  with  water  pro¬ 
duces  no  visible  alteration  in  the  ultraviolet.  When  particles 
of  galena  are  shaken  with  water  having  a  drop  of  oleic  acid 
floating  on  its  surface,  the  excess  solution  is  decanted  off,  and 
the  wetted  particles  are  observed  in  the  fluorescent  light  micro¬ 
scope  with  transmitted  ultraviolet  light,  all  the  galena  par¬ 
ticles  are  seen  to  be  surrounded  with  a  definite  layer  of 
greenish  blue  fluorescent  material,  characteristic  of  oleic  acid, 
whereas  with  incident  light  only  homogeneous  greenish  blue 
particles  are  visible.  It  is  obvious  that  the  whole  surface  of 
the  galena  particles  must  be  coated  with  oleic  acid,  obscuring 
the  particle  with  incident  light  but  indicating  it  as  a  black 
body  with  transmitted  light. 

Transmitted  light,  therefore,  serves  to  indicate  a  cross 
section  of  the  adsorbed  materials  surrounding  the  mineral, 
and  being  therefore  much  better  suited  to  the  observation  of 
the  details  to  be  studied  was  used  through  the  remainder  of 
:  this  study.  When  a  drop  of  amyl  alcohol  is  brought  in  contact 
with  the  above  wet  agglomerate  of  galena  while  the  layer  of 
oleic  acid  and  the  dark  wall  of  one  of  the  galena  particles  are 
in  constant  observation,  an  explosive  reaction  occurs — i.  e., 
i  the  layer  of  oleic  acid  is  rapidly  made  more  diffuse  and  tiny 
galena  particles  are  observed  to  have  broken  off  the  wall  of 
the  galena  crystal.  The  latter  phenomenon  is  thought  to  be 
due  to  cracks  or  capillaries  in  the  surface  structure  of  the  ore, 
and  the  spreading  of  the  oleic  acid  by  the  amyl  alcohol  is  so 
violent  and  rapid  in  action  that  the  outside  edges  of  the  mineral 
i  are  shattered  by  the  forces  exerted  in  these  hypothetical 
crevices.  There  is  also  the  possibility  that  galena  may  be 
made  up  of  a  plate  or  disk-like  lattice  or  units  analogous  to 
the  structure  of  “Dickite,”  a  kaolinite  clay  mined  in  Colorado. 


If  galena  particles  are  first  shaken  with  wrater  and  amyl 
alcohol  and  the  excess  solution  is  decanted,  the  particles  are 
observed  to  be  surrounded  with  a  very  diffuse  halo  of  blue 
fluorescence,  the  intensity  of  which  is  dependent  upon  the 
concentration  of  amyl  alcohol  originally  used.  When  a  drop 
of  oleic  acid  is  brought  in  contact  with  this  wet  mass,  observa¬ 
tion  of  the  edge  and  surrounding  of  one  of  the  galena  particles 
shows  that  the  drop  passes  to  the  surface  of  the  mineral  as 
a  diffuse  layer  without  any  bursting  of  .the  galena  particles. 
This  is  shown  not  only  by  the  actual  motion  of  the  oleic  acid 
but  also  by  the  decided  increase  in  fluorescence  surrounding 
the  particles  and  a  change  to  a  greenish  blue. 

When  sand  is  observed  in  the  ultraviolet,  only  a  very  few 
particles  are  noticeably  fluorescent  in  the  yellow  and  red, 
probably  because  of  some  impurity,  and  no  visible  alteration 
of  the  particles  occurs  with  the  addition  of  water.  If  a  few 
particles  of  sand  are  shaken  in  a  test  tube  containing  water 
and  oleic  acid  and  these  wetted  particles  are  observed  in  the 
fluorescent  light  microscope,  very  few  of  them  exhibit  the 
greenish  blue  fluorescence  of  oleic  acid  around  their  edges,  and 
in  the  cases  where  this  is  true  the  bands  of  fluorescence  do  not 
always  surround  the  mineral  but  are  in  some  cases  confined  to 
only  one  edge  or  spots.  The  latter  effect  is  probably  due  to 
the  presence  of  mineral  impurities  preferentially  wettable  by 
oleic  acid  in  the  sand  particles  which  might  conceivably  be 
present  in  only  localized  areas  of  the  sand.  A  drop  of  amyl 
alcohol  added  to  this  agglomerated  mass  causes  some  agita¬ 
tion  and  pushing  apart  of  the  sand  particles,  while  the  blue 
fluorescence  of  the  alcohol  becomes  evident  throughout  the 
system. 

These  experiments  in  the  study  of  ore  flotation  with  the 
fluorescent  light  microscope  have  so  far  considered  each  solid 
component  in  a  separate  system.  It  now  remains  to  study  sand 
and  galena  in  a  single  system. 

When  galena,  sand,  water,  and 
oleic  acid  are  shaken  together 
and  the  wetted  solids  are  ob¬ 
served  with  the  fluorescent 
microscope,  it  is  noted  that 
many  particles  are  coated  with 
a  layer  exhibiting  a  greenish 
blue  fluorescence,  whereas  the 
remaining  particles  do  not 
show  this  effect.  The  par¬ 
ticles  exhibiting  the  band  of 
fluorescence  are  readily  identi¬ 
fied  as  galena  because  of 
their  characteristic  cubi¬ 
cal  shape  (Figure  4).  The  addition  of  amyl  alcohol  to  the 
system  has  the  same  explosive  effect  on  the  galena  as  pre¬ 
viously  described.  Sodium  w-amyl  xanthate,  a  collecting 
agent  commonly  used  in  ore-flotation  practice,  when  used  in 
conjunction  with  oleic  acid  does  not  differ  appreciably  from 
amyl  alcohol  in  its  effect  and  therefore  needs  no  further  dis¬ 
cussion  here. 

General  Studies 

The  experiments  discussed  above  have  been  confined  to 
specific  practical  problems  and  their  study  with  the  fluorescent 
fight  microscope,  but  during  these  experiments  certain  other 
possible  uses  of  the  fluorescent  fight  microscope  were  sug¬ 
gested. 

One  of  the  most  difficult  problems  in  the  study  of  wood 
structure  by  microscopical  methods  is  the  preparation  of 
microtome  sections  for  use  with  transmitted  fight.  This  is 
especially  true  in  a  study  of  wood  in  a  partially  destroyed 
state,  such  as  that  resulting  from  advanced  decay.  The 
Leitz  Company  was  the  first  to  offer  a  solution  for  this  problem 
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by  introducing  the  “Ultropak,”  which  does  not  require  thin 
sectioning  since  it  employs  incident  light.  As  the  studies  con¬ 
sidered  here  are  not  concerned  with  visible  light,  the  discussion 
will  be  limited  to  observations  with  the  fluorescent  light  micro¬ 
scope. 

When  a  block  of  poplar  wood  is  observed  under  the  fluo¬ 
rescent  light  microscope  with  incident  light,  which  does  not 
require  microtome  sections,  it  exhibits  the  characteristic  light- 
blue  fluorescence  common  to  wood.  Although  the  structural 
details  of  the  wood  are  extremely  clear,  no  differential  fluores¬ 
cence  in  the  structure  is  indicated.  Koehler’s  (4)  suggestion 
of  the  use  of  “colorless  dyes”  in  fluorescent  light  studies 
prompted  a  study  of  their  use  in  determining  the  different 
structural  components  known  to  be  present  in  wood.  When 
sections  of  poplar  are  submerged  in  various  fluorescent  dyes 

and  are  then  observed 
under  the  ultraviolet 
microscope  in  their  wet 
state,  only  the  primulin 
dye  (a  yellow  cotton  dye 
obtained  by  heating 
paratoluidine  with  sulfur 
and  then  sulfonating  the 
reaction  product)  shows 
preferential  adsorption 
on  the  wood  section. 
This  is  evidenced  by 
distinct  differential  color 
fluorescence  in  pink, 
blue,  and  green.  These 
fluorescent  colors  are  not  dispersed  on  the  wood  in  a  hetero¬ 
geneous  manner,  but  are  homogeneously  dispersed  on  definite 
structural  elements  of  the  wood.  The  selectivity  of  the 
primulin  is  not  altered  with  drying  the  wood  section. 

In  the  course  of  the  above  studies  with  wet  wood  sections, 
the  clearness  of  the  liquid  menisci  in  various  pores  was  par¬ 
ticularly  noticeable.  This  suggested  the  possibility  of  study¬ 
ing  the  rate  of  penetration  of  liquids  into  these  surface  pores. 
A  drop  of  anthracene-treated  oil  was  brought  in  contact  with 
the  outer  surface  of  a  wood  block  and  the  movement  of  the 
menisci  observed  under  the  fluorescent  light  microscope. 
Most  of  the  menisci  moved  through  the  field  rapidly,  only  a 
few  moving  slowly  enough  to  be  readily  followed.  A  complete 
study  would  therefore  require  the  selection  of  a  suitably  vis¬ 
cous  oil  or  fluid.  In  any  case  the  anthracene-treated  oil  upon 
filling  the  pores  produced  a  beautiful  picture  of  the  capillary 
structure  of  the  wood  surface,  for  the  pores  fluoresced  bright 
blue  whereas  the  capillary  walls  remained  greenish  blue. 

One  of  the  most  difficult  problems  in  the  study  of  com¬ 
mercial  impregnation  of  porous  materials  with  liquids  is  the 
determination  of  the  depth  of  penetration  when  the  penetrat¬ 
ing  substances  are  colorless  or  their  color  is  obscured  by  the 
solid.  The  fluorescent  light  microscope  offers  a  solution  to 
this  problem,  for  the  depth  of  penetration  is  shown  either  by 
the  natural  fluorescence  of  the  penetrating  liquids  themselves 
or  by  that  of  small  amounts  of  fluorochromes  added  to  the 
liquids  before  impregnation.  The  latter  is  better  than  the  use 
of  colored  dyes,  because  visible  color  is  undesirable  in  most 
finished  products  where  colorless  liquids  have  been  used  for 
impregnation.  The  use  of  the  fluorescent  light  microscope  for 
determining  the  depth  of  penetration  has  already  found  an 
application  in  the  leather  industry  (determination  of  depth  of 
tanning)  and  it  is  hoped  that  it  will  prove  valuable  in  other 
industries  concerned  with  impregnation  processes  (Figure  5) . 

Another  possible  use  is  in  the  identification  of  molds  and 
fungi,  of  extreme  importance  in  many  industrial  and  scientific 
fields.  This  may  be  based  on  either  natural  or  incited  dif¬ 
ferences  in  fluorescence  among  the  organisms.  A  few  wood- 
destroying  fungi  were  observed  with  ultraviolet  light  and 


exhibited  natural  greenish  blue  fluorescence  in  all  cases  ex¬ 
cept  one,  where  pinkish  fluorescence  was  noticeable.  A  num¬ 
ber  of  other  uses  of  the  fluorescent  microscope  have  come  to 
mind  through  this  series  of  studies,  but  it  seems  rather  futile 
to  attempt  a  discussion  of  them  without  first  tentatively 
verifying  their  possibilities. 

Although  some  of  the  suggested  applications  may  prove  of 
little  value,  the  authors  are  confident  that  others  will  be  most 
valuable  in  broadening  our  knowledge  of  the  mechanism  of 
processes  to  be  investigated.  In  publishing  this  admittedly 
very  superficial  general  survey  at  this  time  the  authors  hope 
to  incite  others  to  make  increasing  use  of  this  new  experimental 
tool  in  research  activities  that  have  heretofore  evaded  visual 
observation.  Theoretical  details  and  the  application  of 
fluorescent  fight  microscopy  in  the  study  of  adsorption  and 
other  surface  phenomena  are  presented  in  another  article  (3). 

Summary 

Since  the  construction  of  highly  efficient  and  highly  concen¬ 
trated  ultraviolet  fight  sources,  fluorescent  fight  microscopy 
has  proved  of  constantly  increasing  interest  and  value  in  a 
great  number  of  applications — for  example,  in  biological  and 
botanical  research,  in  inorganic  analytical  chemistry,  as  a 
routine  control  method  in  the  textile  and  paper  industries, 
etc.  However,  fluorescent  fight  microscopy  lends  itself  per¬ 
fectly  to  the  study  of  typical  colloid  physical  or  chemical 
processes  or  reactions,  and  permits  for  the  first  time  visually 
demonstrating  and  following  such  processes  as  the  production 
and  destruction  of  emulsions,  and  the  influence  of  different 
types  of  emulsifying  agents  on  the  stability  of  the  system. 
It  offers  a  simple,  quick,  and  reliable  method  of  determining 
types  of  emulsions  which  so  far  have  been  difficult  to  ascertain. 

Fluorescent  fight  microscopy  promises  to  become  a  valu¬ 
able  new  method  in  detailed  studies  and  routine  control  of 
flotation  processes.  It  is  applicable  in  studying  the  degree 
of  penetration  into  porous  absorbent  matter — for  example, 
in  the  tanning  of  leather  with  different  types  of  natural  or 
synthetic  tanning  agents.  This  new  technic  is  of  value  in  the 
study  of  wood  preservation  and  in  the  detection  of  molds  or 
fungi. 

Since  modern  fluorescent  fight  microscopy  permits  the  use  of 
incident  as  well  as  transmitted  fight,  it  becomes  unnecessary 
to  prepare  microtome  sections  and  to  apply  selective  dyeing 
methods. 

The  use  of  “colorless”  dyes  of  high  fluorescing  power  fur¬ 
ther  broadens  the  applicability  of  this  method  in  cases  where 
the  substance  itself  does  not  emanate  fluorescent  fight  if 
radiated  with  invisible  ultraviolet  fight. 
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HYGROSCOPICITY  is  especially  important  to  the 
microanalyst  where  the  small  size  of  sample  and 
relatively  large  area  exposed  may  lead  to  difficulties  that 
vanish  when  working  on  a  larger  scale.  The  methods  of 
Pregl  (5)  are  in  general  probably  satisfactory  for  drying 
substances  which  only  adsorb  water  on  their  surface.  In 
localities  where  the  temperature  and  relative  humidity  are 
low  throughout  the  year  such  materials  should  give  little 
trouble.  The  case  is  quite  different  with  compounds  which 
form  hydrates  or  solvates  and  those,  such  as  proteins  and 
nucleic  acids,  where  a  large  molecule  of  great  surface  area, 
usually  noncrystalline,  is  present  without  very  definite  com¬ 
position.  As  a  typical  example,  3  mg.  of  a  substance  with  a 
molecular  weight  of  480  can  form  its  monohydrate  with  the 
amount  of  water  contained  in  5  ml.  of  air  (partial  pressure  of 
water  22.0  mm.).  Even  though  the  drying  has  been  success¬ 
ful  in  Pregl’s  microdesiccator  or  other  apparatus,  the  time 
of  exposure  in  removing  it  to  the  “pig”  for  weighing  and  intro¬ 
ducing  it  into  the  combustion  tube  may  be  sufficient  for  it 
to  hydrate  completely. 

The  apparatus  and  procedure  described  below  for  handling 
compounds  tending  to  absorb  water  rapidly  upon  the  un¬ 
avoidable  exposure  to  atmospheric  moisture  during  analytical 
manipulations  are  an  improvement  over  the  old  type  of 
Abderhalden  drier,  in  that  the  pig  containing  the  dried  sample 
can  be  closed  inside  the  apparatus.  The  importance  of  this 
point  is  discussed  more  fully  by  Booth  and  McIntyre  (I)  as  it 
affects  desiccators. 

Advantages  of  this  apparatus  are  well  illustrated  by  the 
authors’  experience  in  analyzing  chrysanthemin  chloride  and 
its  derivatives  ( 6 ).  This  substance  was  not  hygroscopic  as 
received  for  analysis  and  lost  little  or  no  weight  upon  drying 
in  the  old  type  of  Abderhalden  at  temperatures  up  to  140°  C. 


The  analyses  were  always  low  in  carbon  and  high  in  hydrogen 
even  on  drying  at  140°  C.  and  a  pressure  of  less  than  10-5mm. 
of  mercury,  usually  by  amounts  which  showed  the  presence 
of  from  one  to  one  and  a  half  molecules  of  water  per  molecule 
of  chloride.  After  the  present  apparatus  was  developed  and 
the  pig  capped  while  in  the  drier,  excellent  analyses  were  se¬ 
emed  on  drying  at  100°.  Apparently  chrysanthemin  chloride 
is  a  compound  forming  a  hydrate  with  a  low  partial  pressure 
of  water  at  room  temperature.  Experiment  showed  that  the 
anhydrous  form  completely  hydrates  on  exposure  to  the  room 
air  in  as  little  as  10  seconds.  The  apparatus  also  proved  of 
great  value  in  studying  the  unusual  water  and  alcohol  solvates 
of  1-d-glucosidocytosine  which  were  discussed  by  Hilbert 
and  Jansen  (4). 

The  details  of  the  apparatus  are  shown  in  Figures  1  and  2. 

A  vapor  bath  maintains  a  constant  temperature  as  in  the 
ordinary  Abderhalden.  The  two-way  stopcock  can  be  turned  to 
permit  evacuation  or  the  drying  of  incoming  air,  the  latter  enter¬ 
ing  through  a  very  fine  capillary  cemented  in  the  plug  of  the 
cock  and  then  through  the  U-tube  containing  the  desiccant. 
Colored  Anhydrite  (anhydrous  calcium  sulfate)  has  proved  very 
satisfactory  as  a  drying  agent.  The  other  end  of  the  tube  carries 
two  ground  joints,  a  large  one  for  introducing  the  plate  holding 
the  pig  and  a  small  one  to  hold  the  brass  rod  used  to  open  and 
close  the  pig  while  the  sample  is  in  the  drier.  A  closed-end 
mercury  manometer  is  used  to  seal  the  small  ground  joint  and  to 
indicate  leaks  if  present  when  the  apparatus  is  evacuated  over¬ 
night. 


Figure  1.  Drier  with  Pig  and  Boat  in  Place 


The  Pyrex  pigs  used  are  shorter  than  in  the  Pregl 
type  and  do  not  have  the  long  handles  recommended 
by  Pregl  ( 5 ).  Stability  is  much  greater  without 
these  handles,  and  with  tweezers  curved  to  fit  the 
pig  and  chamois  over  the  fingers  the  glass  is  not 
unduly  heated  by  the  hand  and  the  pig  is  easily 
handled.  No  difficulty  has  been  encountered  in 
securing  constant  weights,  although  the  glass  is 
heavier  and  the  pig  more  substantial  than  in  the 
Pregl  type.  A  phosphor-bronze  spring  clip  holds 
the  pig  firmly  in  place  on  an  aluminum  base  with 
two  depressions  for  the  front  legs. 

The  pig  is  easily  transported  while  on  this  plate. 
The  base,  whose  edges  are  curved  to  fit  the  drier, 
is  held  fixed  within  the  drier  by  another  spring  clip 
as  shown  in  Figure  1.  The  solid  glass  stopper  of  the 
pig  has  a  small  handle  with  projecting  knob  which  is 
engaged  by  a  brass  sleeve  comprising  a  bayonet  joint 


427 


428 

and  enables  the  stopper  to  be  withdrawn  or  firmly  seated  while 
the  pig  is  in  the  drier. 

The  effectiveness  of  this  apparatus  was  tested  on  cupric 
sulfate  pentahydrate.  A  few  clear  crystals  were  selected  and 
crushed;  9.783  mg.  weighed  in  a  previously  dried  boat  and 
pig  were  heated  in  the  apparatus  0.5  hour  at  100°  C.  and 
pumped  during  only  half  this  time.  The  loss  in  weight  was 
3.102  mg.,  corresponding  to  4.4  moles  of  water  per  mole  of 
sulfate.  This  may  have  been  all  the  water  originally  present 
in  the  sulfate;  for  the  present  purpose  it  does  not  matter. 
The  efficiency  of  the  apparatus  and  procedure  is  shown  by 
the  fact  that  two  more  treatments  for  the  same  time  gave 
no  further  gain  or  loss,  in  spite  of  the  fact  that  the  vapor 
pressure  of  this  substance  is  approximately  2.7  mm.  (2)  and 
the  average  room  temperature  was  26.67°  C.  (80°  F.),  with 
relative  humidity  of  65  to  80  per  cent. 

In  the  analysis  of  organic  compounds  the  following  pro¬ 
cedure  is  used.  It  eliminates  much  of  the  work  in  the  method 
proposed  by  Hayman  (8).  The  method  has  been  generally 
applied  in  this  laboratory  for  the  last  several  years  in  organic 
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microanalytical  determinations  on  many  hundreds  of  com¬ 
pounds. 

Before  the  sample  is  weighed  out,  the  pig  and  empty  boat  are 
dried  and  capped  in  the  apparatus.  The  sample  is  weighed  and 
dried  and  the  result  recorded.  Then  the  pig  is  opened  and  the 
sample  allowed  to  equilibrate  with  the  moisture  in  the  room. 
Usually  after  30  to  60  minutes  equilibrium  is  so  nearly  approached 
that  any  further  gain  in  weight  while  transferring  the  sample  to 
the  combustion  tube  is  negligible.  The  pig  is  then  closed  and 
reweighed.  The  gain  in  weight  upon  exposure  to  air  is  subtracted 
from  the  weight  of  water  found  before  the  percentage  of  hydrogen 
is  calculated. 
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Microscopical  Qualitative  Analysis  of 
Antimony  and  Bismuth 

Tetraethyl  Ammonium  Iodide  as  a  Reagent 

FRANCIS  T.  JONES1  AND  CLYDE  W.  MASON,  Cornell  University,  Ithaca,  N.  Y. 


OF  THE  existing  microscopical  tests  for  antimony  and 
bismuth,  none  is  sufficiently  free  from  interferences  to 
be  satisfactory.  Since  these  two  elements  often  occur  to¬ 
gether,  especially  in  alloy  samples,  it  is  desirable  that  char¬ 
acteristic  reactions  should  be  developed  rather  than  that 
separation  methods  should  be  elaborated,  for  in  rapid  analy¬ 
sis  a  series  of  preliminary  treatments  or  the  precise  control 
of  conditions  is  usually  impractical. 

A  brief  review  (I)  of  the  best  microscopical  reactions  for 
antimony  and  bismuth  is  in  order,  since  in  an  analysis  it  is 
often  desirable  to  employ  several  tests  as  checks,  or  conditions 
may  necessitate  the  use  of  one  which  is  not  of  the  highest 
sensitivity. 

Cesium  chloride  gives  double  salts,  3CsCl-2SbCl3,  colorless 
hexagonal  plates  or  rosettes,  and  3CsCl-BiCl3,  colorless  rhomb¬ 
shaped  plates,  with  pure  salts.  However,  3CsCl-2BiCl3,  iso- 
morphous  with  the  antimony  double  salt,  will  form  if  cesium 
chloride  is  not  in  excess,  or  if  antimony  is  present.  Ag,  Pb,  Hg+, 
Cd,  Sn,  Tl+,  and  Cu  may  also  yield  crystalline  precipitates  of  dis¬ 
tinctive  appearance,  but  in  complicated  mixtures  or  for  the  detec¬ 
tion  of  relatively  small  amounts  of  the  elements  sought  cesium 
chloride  is  not  specific  or  sensitive  enough. 

Cesium  sulfate  yields,  with  bismuth  as  sulfate,  hexagonal 
plates;  no  reaction  is  given  with  antimony.  Sodium  sulfate 
gives  rods  or  short  prismatic  crystals.  Insoluble  sulfates  and 
alum-forming  elements  interfere. 

Potassium  binoxalate  gives  tiny  tetragonal  “octahedra”  with 
bismuth,  and  trichites  with  antimony,  but  so  many  other  metals 
yield  insoluble  oxalates  that  this  reaction  is  useful  only  for  rela¬ 
tively  pure  salts. 

Antimonyl  tartrates  of  potassium  or  barium,  possessing  charac¬ 
teristic  crystal  forms,  are  subject  to  this  same  objection. 

Stibine,  generated  on  a  micro  scale,  may  be  used  as  a  means  of 
identifying  antimony,  since  bismuth  forms  no  analogous  hydride. 


1  Present  address:  Department  of  Chemistry,  Pacific  University,  For¬ 
est  Grove,  Ore. 


Metallic  bismuth,  obtained  by  the  reduction  of  bismuth  salts 
by  sodium  stannite,  is  useful  confirmatory  evidence,  since  anti¬ 
mony  is  not  reduced  under  similar  treatment. 

Bismuth  cobalticyanide  gives  a  crystalline  precipitate,  but  is 
not  suitable  for  mixtures  containing  much  antimony.  Numerous 
organic  reagents  (alkaloids,  etc.)  have  been  suggested,  most  of 
which  yield  “amorphous”  precipitates,  and  are  subject  to  inter¬ 
ferences. 

Reactions  with  Tetraethylammonium  Iodide 

When  a  solid  fragment  of  tetraethylammonium  chloride 
is  added  to  a  fairly  concentrated  hydrochloric  acid  solution 
of  antimony  trichloride,  colorless  hexagonal  plates  or  short 
prisms  are  formed.  If  an  excess  of  potassium  bromide  is 
present,  colorless  hexagonal  plates  and  tablets  or  short  hex¬ 
agonal  prisms  will  be  formed.  Both  compounds  are  fairly 
soluble,  and  no  precipitate  will  be  obtained  from  dilute 
solutions  of  antimony.  Both  compounds  give  a  positive, 
uniaxial  interference  figure. 

Pentavalent  antimony  yields  a  colored  and  much  less 
soluble  precipitate  of  purple  hexagonal  plates  (Figure  1,  left) 
if  iodides  are  present  in  a  test  drop  containing  even  a  very 
dilute  solution  of  antimony.  When  the  concentration  of 
antimony  is  high,  the  crystals  are  likely  to  be  imperfect 
(fragments,  ribbed  plates,  skeletal  stars),  and  so  thick  as  to 
appear  black.  Attempts  to  prepare  this  compound  in  suf¬ 
ficient  quantity  for  analysis  failed  because  of  its  instability. 
It  may  be  analogous  to  the  bromo  compound  reported  by 
Petzold  ( 5 )  which  forms  “red  pyramids”  of  the  formula 
[(C2Hs)4N][SbBr6J. 

Tri valent  antimony  gives  yellow  anisotropic  crystals  which 
are  usually  too  small  to  be  reliable  as  an  indentifying  form. 
These  crystals  generally  appear  in  clusters  of  three  or  four, 
but  some  individuals  may  become  large  enough  to  be  identi- 
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fiable  as  rhombohedra  growing  on  a  pinacoid 
face.  In  concentrated  solutions  many  trigonal 
and  hexagonal  plates  and  also  a  few  hexagonal 
prisms  may  grow. 

In  nearly  all  cases  some  purple  hexagonal 
plates  of  the  pentavalent  antimony  compound 
will  appear  with  the  yellow  crystals  from 
trivalent  antimony,  either  immediately  or  near 
the  edges  as  the  drop  evaporates.  If  the  test 
drop  is  allowed  to  stand  in  the  air  for  4  or  5 
minutes  before  making  the  test,  the  hexagonal 
plates  will  appear  in  large  numbers,  indicating 
that  antimony  is  oxidized  by  free  oxygen. 

Attempts  to  analyze  the  yellow  compound 
formed  by  trivalent  antimony  have  been  un¬ 
successful  because  it  decomposes  on  stand¬ 
ing. 

Trivalent  bismuth  precipitates  as  small 
dark  amber  triangular  plates,  tablets,  or 
clusters  of  the  same  habit  as  those  given  by 
trivalent  antimony,  but  generally  larger  (Figure  1,  right). 
When  mixtures  of  trivalent  antimony  and  bismuth  are  pre¬ 
cipitated,  the  color  of  the  crystals  obtained  varies  from 
yellow  to  dark  amber  as  the  proportion  of  bismuth  is  in¬ 
creased,  and  there  is  only  one  crystal  habit.  This  is  evidence 
that  the  antimony  and  bismuth  compounds  are  isomorphous. 

Because  of  this  isomorphism,  trivalent  bismuth  might  be 
interpreted  as  antimony  or  vice  versa.  Oxidation  can  be 
utilized  to  accentuate  the  difference  between  these  elements, 
for  antimony  can  readily  be  rendered  pentavalent  by  evapora¬ 
tion  to  dryness  with  nitric  acid,  while  bismuth  is  not  easily 
oxidized  under  similar  conditions.  The  purple  hexagonal 
plates  of  tetraethylammonium  antimony  iodide  then  consti¬ 
tute  a  distinctive  test  for  antimony,  and  cannot  be  confused 
with  the  amber  rhombohedral  grains  due  to  bismuth. 

Table  I.  Sensitivity  of  the  (C2H5)4NI  Test  for  Antimony 
in  the  Presence  of  Interferences'* 

Volatilization  in  Presence 
Direct  Test  of  SnCh 

Smallest  Smallest 


Ratio 

quantity  de¬ 

Ratio 

quantity  de¬ 

Interference,  M 

Sb/Af 

tectable,  Sb+6 

Sb/Af 

tectable,  Sb+S 

% 

Gram 

% 

Gram 

Bismuth 

1.0 

3.  X  10 

0.04 

0.2  X  10-' 

Cadmium 

0.05 

0.2  X  10 -« 

0 . 2  X  10 -* 

Copper  (ous) 

Lead 

1.0 

1.5  X  10-s 

O’.  03 

3.0 

25.0  X  10-8 

0.05 

0.4  X  10-‘ 

Mercury 

2.0 

20.0  X  10-8 

0.05 

0.4  X  10-8 

Tin  (ous) 

0.2 

3.0  X  10-8 

0.02 

0.2  X  10-8 

Tin  (ic) 

0.02 

0.2  X  10-8 

0.02 

0.2  X  10-8 

Oxidizing  agents: 
Arsenic  (As03-3) 

4.0 

25.0  X  10-8 

0.03 

0.2  X  10-8 

Arsenic  (AsC>4-3) 
Copper  (ic) 

7.0 

25.0  X  10-8 

0.03 

0.2  X  10-8 

1.0 

1.5  X  10-« 

0.03 

0.2  X  10-8 

Iron  (ic) 

1.0 

1.0  X  IQ"6 

0.07 

0.2  X  10-8 

a  In  the  absence  of  interferences  the  sensitivity  is:  concentration  limit, 
2  X  10 _8  gram  of  Sb+5  per  cc.  or  1  to  500,000.  Smallest  quantity  detect¬ 
able,  0.05  X  10  “6  gram  of  Sb+5. 


Bismuth  alone,  after  the  above  treatment,  may  yield  with 
the  reagent  a  few  light  red  to  pale  pink  very  thin  hexagonal 
plates  along  with  the  amber  grains.  These  are  evidently 
isomorphous  with  the  purple  hexagonal  plates  from  penta¬ 
valent  antimony  for,  when  a  solution  of  the  latter  is  added  to 
a  test  drop  containing  them,  they  become  much  darker  and 
more  purplish.  Also,  when  crystals  prepared  by  precipitating 
the  pentavalent  antimony  compound  in  the  presence  of  bis¬ 
muth  are  treated  with  sodium  stannite,  they  are  blackened, 
owing  to  the  bismuth  in  solid  solution,  whereas  if  antimony 
alone  is  present  the  crystals  are  completely  dissolved.  How¬ 
ever,  it  is  apparently  not  possible  to  complete  the  oxidation 
to  pentavalent  bismuth  by  the  use  of  nitric  acid  and  the  amber 
grains  are  the  chief  constituent  of  the  precipitate. 

The  pentavalent  antimony  tetraethylammonium  iodide  is 
apparently  not  isomorphous  with  the  well-known  isomorphous 
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Figure  1.  Crystals  of  Antimony  and  Bismuth 
Left,  Sb+»  with  (CzHsLNI.  100  X 

Right,  Bi+3  with(C2Hs)4NI.  Sb+3  gives  similar  crystals.  100  X 


compounds,  3CsI-2BI3  and  3CsI-2SbCl3,  which  form  orange- 
red  hexagonal  plates.  Numerous  substituted  ammonium 
complexes  with  antimony  and  bismuth  are  described  in  the 
literature  (S,  4,  6,  7).  It  seems  probable  that  the  formula  of 
the  precipitate  with  trivalent  antimony  or  bismuth  is  3  (C2H5).;- 
NI-2SbI3  or  3(C2Hs)4  NI-2BiI3,  and  that  pentavalent  antimony 
yields  (C2H5)4NI-SblB. 


Table  II.  Sensitivity  of  (C2H5)4NI  Test  for  Bismuth  in 
the  Presence  of  Interferences® 


Direct  Test 

NaSnCh  on  Dry  Residue 
after  Pptn.  by  (CjHslr- 
NC1  Plus  KI 

Ratio 

Smallest 
quantity  de¬ 

Ratio 

Smallest 
quantity  de¬ 

Interference,  M 

Bi/Af 

tectable,  Bi  +3 

Bi/M 

tectable,  Bi*3 

% 

Gram 

% 

Gram 

Antimony 

10 

25  X  10-« 

0.08 

0.2  X  10-6 

Cadmium 

0.05 

0.2  X  10-8 

Copper  (ous) 

1.0 

1.5  X  10-8 

0.2  X  10-» 

Lead 

3.0 

25.0  X  10-8 

O’ 05 

Mercury 

1.7 

12.0  X  10-8 

0.05 

0.2&X  10-6 

Tin  (ous) 

1.0 

12.0  X  10-8 

Tin  (ic) 

0.02 

0.2  X  10-8 

Oxidizing  agents: 
Arsenic  (AsCU-3) 

2.0 

6.0  X  10-8 

0.1 

0.2  X  10-6 

Arsenic  (As03~3) 

1.0 

6.0  X  10-6 

0.1 

0.  1  X  10-6 

Copper  (ic) 

1.0 

1.5  X  10-6 

Iron  (ic) 

2.0 

3.0  X  10-8 

With  K2SO3  (ous) 

0.1 

0.2  X  10-« 

a  In  the  absence  of  interferences  the  sensitivity  is:  concentration  limit, 
2  X  10  “*  gram  of  Bi  per  cc.  or  1  to  500,000.  Smallest  quantity  detectable, 
0.05  X  10 _6  gram  of  Bi. 

b  Removal  of  mercury  with  SnCL,  and  oxidation  of  excess  of  SnCh  to 
SnCU  with  HNO3  before  testing. 


The  acidity  of  the  solution  to  be  tested  need  not  be  con¬ 
trolled  precisely;  it  is  necessary  to  have  enough  hydrochloric 
acid  present  to  prevent  hydrolysis,  but  excess  acid  tends  to 
dissolve  the  precipitates  and  lower  the  sensitivity  of  the  test. 
It  is  possible  to  recrystallize  the  precipitates  by  warming 
with  hydrochloric  acid  and  allowing  to  cool;  this  yields 
larger  crystals  and  may  improve  the  sensitivity  of  the  test 
when  interfering  substances  are  present. 

Oxidizing  agents,  including  cupric,  ferric,  and  arsenate 
ions,  interfere  by  liberating  iodine,  which  may  give  yellow 
crystals  with  tetraethylammonium  chloride,  or  may  appear 
as  black  to  brown  rhombs  and  prisms  of  the  element.  Potas¬ 
sium  sulfite  will  reduce  the  free  iodine  without  reducing  the 
antimony  or  bismuth,  unless  the  solution  is  heated. 

Mixtures  and  Possible  Interferences 

Antimony  in  the  presence  of  bismuth  will  be  recognized 
most  readily  by  the  purple  plates  of  the  Sb+5  compound, 
after  oxidation  with  nitric  acid  but,  since  bismuth  may  in 
dilute  solutions  yield  some  red  to  pink  hexagonal  plates, 
the  distinction  is  not  conclusive  if  the  ratio  of  antimony  to 
bismuth  is  less  than  about  1  per  cent. 
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The  volatility  of  antimony  trichloride  (b.  p.  220°)  may  be 
utilized  to  separate  it  from  interfering  substances,  with  a 
corresponding  increase  in  the  sensitivity  of  the  reaction.  The 
acidified  test  drop  is  heated  nearly  to  boiling  above  a  micro¬ 
burner,  while  just  above  its  surface  a  slide  carrying  a  small 
hanging  drop  of  tetraethyl  ammonium  chloride  solution  is 
held.  The  upper  slide  is  cooled,  a  drop  of  water  is  added  to 
the  reagent,  and  then  a  fragment  of  potassium  iodide  is  intro¬ 
duced  into  this  solution.  As  the  drop  concentrates  by 
evaporation,  crystals  of  the  antimony  compound  will  form. 
(Crystals  of  a  compound  between  the  reagent  and  potassium 
iodide  may  appear  next  to  the  potassium  iodide  fragment, 
but  these  are  easily  disregarded.) 

The  separation  just  described  is  most  satisfactory  if  a 
drop  of  stannous  chloride  has  been  added  to  the  unknown 
just  before  volatilization.  Stannous  chloride  reduces  the 
oxidizing  agents,  acts  as  a  carrier  for  antimony,  and  provides 
an  acid  atmosphere.  The  amount  of  tin  carried  over  does  not 
reduce  the  sensitivity  of  the  test. 

Arsenic  in  the  form  of  arsenites  or  as  As+3  will  give  large, 
yellow,  hexagonal  or  trigonal  plates  of  arsenic  triiodide 
when  potassium  iodide  is  added  to  the  test  drop,  but  this 
compound  is  too  soluble  to  cause  trouble  unless  the  concentra¬ 
tion  of  arsenic  is  high,  and  its  formation  can  be  avoided  by 
diluting  the  test  drop.  Addition  of  the  reagent  then  causes  no 
change.  The  chief  difficulty  is  caused  by  the  fact  that 
arsenites  are  readily  oxidized  by  the  air  to  arsenates  which 
liberate  iodine.  The  limit  of  sensitivity  in  the  presence  of 
arsenates  is  4  per  cent  of  antimony,  or  2  per  cent  of  bismuth. 
If  potassium  sulfite  is  used  to  minimize  the  liberation  of  iodine, 
the  limit  of  sensitivity  can  be  somewhat  extended. 

The  use  of  stannous  chloride  and  separation  by  volatiliza¬ 
tion  of  antimony  trichloride  is  desirable  in  the  presence  of 
arsenic.  The  limit  of  sensitivity  is  0.03  per  cent  of  antimony. 

The  use  of  stannite  solution  as  described  below  permits  a 
limiting  ratio  of  0.1  per  cent  of  bismuth  to  arsenic. 

Bismuth  in  the  presence  of  antimony  is  not  recognizable 
with  absolute  reliability  by  means  of  tetraethylammonium 
iodide.  The  most  useful  confirmatory  reaction  is  based  upon 
reduction  to  metallic  bismuth  by  stannite  solutions.  If  there 
is  any  question  as  to  whether  the  colored  (pink  to  purple) 
hexagonal  plates  obtained  after  oxidation  and  treatment  with 
tetraethylammonium  chloride  and  potassium  iodide  are  the 
bismuth  compound,  or  contain  bismuth  in  isomorphous 
mixture  with  the  antimony  compound,  flooding  the  dry 
residue  from  the  test  made  in  the  usual  way  with  a  moderately 
concentrated  solution  of  sodium  or  potassium  stannite  will 
result  in  a  blackening  of  crystals  containing  bismuth.  Pseudo- 
morphs  are  formed  if  the  ratio  of  bismuth  to  antimony  is 
greater  than  2  per  cent;  below  this  concentration  black 
grains  and  skeletal  masses  of  bismuth  are  formed  (examine 
by  reflected  fight  and  at  high  magnification,  to  be  sure  this 
residue  is  black).  Crystals  which  do  not  contain  bismuth 
will  become  white  from  the  formation  of  hydrated  antimony 
trioxide,  and  slowly  dissolve.  Trivalent  antimony  may  be 
recognized  in  this  solution,  as  yellow  rhombohedral  grains, 
by  acidification  with  hydrochloric  acid. 

The  stannite  solution  must  be  clean,  and  contain  no  black 
specks  of  tin.  The  reduction  of  the  bismuth  may  not  be 
immediate,  and  tin  may  separate  in  the  crust  at  the  edges 
of  the  test  drop. 

Lead  compounds  also  may  be  reduced  and  blackened  by 
the  stannite  reagent,  but  this  occurs  slowly  in  the  cold.  A 
very  small  amount  of  bismuth  catalyzes  the  reduction  ( 2 ) 
and  may  thus  be  recognized  in  smaller  quantity  than  if  lead 
were  absent. 

Cadmium  may  yield  colorless  rectangular  plates,  not  to  be 
confused  with  bismuth  or  antimony  compounds. 

Copper  liberates  iodine  and  forms  fine  granular  (actually 


isotropic  tetrahedra)  white  cuprous  iodide,  soluble  in  excess 
of  potassium  iodide. 

Iron  (ferric)  liberates  iodine.  If  reduced  by  sulfite,  there 
is  no  interference. 

Lead  is  not  completely  precipitated  as  the  chloride;  the 
characteristic  yellow  hexagonal  plates  of  its  iodide  are  soluble 
in  excess  potassium  iodide.  When  tetraethylammonium 
chloride  is  added  to  the  solution  containing  Pb  +  +  and  potas¬ 
sium  iodide,  a  precipitate  of  colorless  needles  and  prisms  may 
be  formed;  lead  iodide  is  also  likely  to  appear.  Neither  of 
these  should  be  confused  with  the  antimony  or  bismuth  reac¬ 
tions.  In  the  presence  of  much  lead  the  crystals  of  the  bis¬ 
muth  compound  tend  to  become  imperfect  and  leafy;  tiny 
black  needles  are  also  likely  to  appear;  the  red  bismuth 
compound  may  overgrow  the  edges  of  the  plates  of  lead  iodide. 
The  ratio  of  antimony  or  bismuth  to  lead  must  be  above  3 
per  cent  for  a  positive  test. 

The  stannite  reduction  affords  an  excellent  means  of  avoid¬ 
ing  the  interference  of  lead  with  bismuth,  but  since  the 
presence  of  bismuth  will  hasten  the  reduction  (ordinarily  very 
slow)  of  lead  to  the  metal,  it  is  desirable  to  compare  the  test 
with  a  blank  made  on  lead  alone. 

Mercuric  ion  yields  red  mercuric  iodide,  soluble  in  excess 
potassium  iodide,  from  which  solution  the  reagent  may 
cause  yellow  tapering  prismatic  crystals  to  form.  After 
reduction  with  stannous  chloride,  metallic  mercury  may  be 
separated  from  the  solution  to  be  tested,  by  decantation  or 
filtration,  and  the  liquid  then  evaporated  with  nitric  acid 
and  tested  with  tetraethylammonium  chloride  and  potassium 
iodide.  The  volatility  of  mercuric  chloride  interferes  with 
the  separation  of  antimony  as  antimony  trichloride,  unless 
any  mercury  present  has  first  been  reduced  in  this  manner. 

Tin  (stannic)  may  yield  large  colorless  octahedra  of  potas¬ 
sium  chlorostannate  if  present  in  large  amount,  and  a  red  crust 
may  form  at  the  edge  of  the  drop  on  evaporation,  but  these 
crystals  are  readily  soluble,  and  not  to  be  confused  with  those 
from  antimony  or  bismuth.  Stannous  ion  gives  a  precipitate 
of  colorless  to  pale  yellow  rods,  needles,  or  hexagonal  prisms, 
and  also  reduces  antimony  to  the  trivalent  condition.  Unless 
some  reoxidation  by  the  air  occurs,  the  characteristic  purple 
plates  from  pentavalent  antimony,  or  the  pink  ones  obtained 
from  bismuth,  will  not  be  produced.  The  amber  rhombohedral 
grains  of  the  trivalent  bismuth  compound  will  still  appear. 
The  needles  and  prisms  of  the  stannous  compound  are  amber 
to  brownish  red  in  the  presence  of  bismuth,  and  are  pleo- 
chroic ;  this  coloring  is  a  useful  indication  of  bismuth  in  very 
small  proportion  (<  0.1  per  cent).  The  interference  of  stan¬ 
nous  tin  is  readily  eliminated  by  evaporation  with  nitric 
acid. 

Analytical  Procedure 

If  the  unknown  is  a  solution,  evaporate  to  dryness  with  nitric 
acid;  then  dissolve  in  about  3  A  hydrochloric  acid  (Ag,  Hg+,  and 
Pb  may  precipitate);  add  a  fragment  of  solid  potassium  iodide 
to  the  test  drop  (note  any  significant  precipitate— Ag,  Hg,  Pb, 
Cu,  Se,  Te,  I — or  color  in  solution — Bi,  Sb,  As).  Then  add  a 
small  drop  of  a  moderately  concentrated  solution  of  tetraethyl¬ 
ammonium  chloride.  Examine,  and  note  any  subsequent  pre¬ 
cipitation.  If  the  product  is  too  fine-grained,  recrystallize  by 
adding  a  little  hydrochloric  acid,  warming  gently,  and  cooling. 

If  numerous  purple  hexagonal  plates  are  formed,  antimony  is 
present;  if  only  a  few  pink  ones,  together  with  yellow  granules, 
bismuth  may  be  present.  Confirm  antimony  by  volatilization  as 
antimony  trichloride  in  the  presence  of  stannous  chloride.  Con¬ 
firm  bismuth  by  the  stannite  reaction  on  the  precipitate  with 
tetraethylammonium  chloride. 

If  the  unknown  is  a  solid,  dissolve  in  water  if  possible,  noting 
any  indications  of  hydrolysis  to  oxy  compounds  (Sb,  Bi).  Wash 
any  residue,  and  extract  with  3  A  hydrochloric  acid,  or  with  aqua 
regia.  Evaporate  almost  to  dryness  by  warming  gently,  dissolve 
in  3  A  hydrochloric  acid,  and  test  as  above. 

If  the  unknown  is  an  alloy,  treat  with  concentrated  nitric  acid 
in  a  microcrucible  (note  any  formation  of  white  oxides  of  tin  or 
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antimony),  and  evaporate  to  a  thick  paste  to  remove  excess  acid. 
Extract  the  residue  with  water  to  remove  soluble  nitrates  of 
possible  interfering  metals.  Then  extract  the  hydrolyzed  resi¬ 
due  of  stannic  oxide  and  oxynitrate  of  antimony  and  bismuth 
with  warm  3  N  hydrochloric  acid,  in  which  antimony  and  bismuth 
will  be  dissolved  and  can  be  tested  for  as  above.  If  very  small 
amounts  of  antimony  and  bismuth  are  present,  extract  the  residue 
from  evaporation  with  nitric  acid  with  concentrated  nitric  acid 
or  dissolved  in  aqua  regia;  excess  oxidizing  agent  may  be  removed 
by  evaporation,  by  potassium  sulfite,  or  by  stannous  chloride 
before  testing  as  above. 

In  all  these  procedures,  microtechnic  is  to  be  employed, 
in  refinement  commensurate  with  the  sensitivity  required. 
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Electroanalysis  of  Silver-Copper  Alloys 

WALTER  L.  MILLER 
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THE  increased  application  of  silver  solders  in  fabricating 
copper  alloy  products  creates  a  demand  for  rapid  meth¬ 
ods  of  determining  copper  and  silver.  Gravimetric  methods 
are  preferable  for  greatest  accuracy.  The  American  Society 
for  Testing  Materials  provides  an  accurate  method  for  silver 
solders  in  which  silver  is  precipitated  and  filtered  as  the 
chloride,  the  filtrate  is  evaporated  to  fumes  with  sulfuric 
acid,  nitric  acid  is  added,  and  the  solution  is  electrolyzed  for 
copper  ( 1 ).  The  evaporation  of  the  filtrate,  which  must  be 
done  slowly  and  carefully  to  prevent  loss  by  spattering,  is 
the  most  tedious  part  of  this  method.  This  step  is  eliminated 
in  the  method  presented,  by  the  substitution  of  electrodeposi- 
:  tion  for  the  chloride  precipitation  of  silver. 

Experiments  with  electrolysis  in  hot  nitric  acid  solutions 
gave  fairly  good  separation  of  silver  from  copper,  but  the 
conditions  were  very  strict  and  more  than  0.2  gram  of  silver 
could  not  be  weighed  accurately  because  of  poor  adherence. 
Deposition  of  silver  from  ammoniacal  solutions  gave  accurate 
results  with  a  fair  latitude  in  conditions.  Complete  separation 
from  copper  was  obtained  and  the  deposit  was  firmly  adherent. 

The  electrolysis  of  silver  in  ammoniacal  solution  requires 
continuous  stirring.  Silver  is  deposited  at  the  rate  of  about 
0.0268  gram  per  minute,  using  0.4  ampere,  until  deposition  is 
practically  complete.  Hydrogen  peroxide  is  then  added  to 
oxidize  cuprous  salts  and  to  redissolve  any  particles  of  silver 
precipitated  by  inefficient  stirring.  Electrolysis  is  continued 
at  0.2  ampere  until  deposition  is  complete.  Hydrogen  per¬ 
oxide  is  gradually  destroyed  during  the  latter  stage  of  the 
electrolysis,  leaving  the  electrolyte  a  nonsolvent  for  metallic 
silver  and  promoting  complete  deposition.  Deposition  of 
copper  and  less  noble  metals  is  prevented  by  the  rapid  circula¬ 
tion  of  cupric  ions  and  oxygen  from  the  anode.  Cupric  ions 
have  a  strong  oxidation  effect  on  metallic  copper  and  less 
noble  metals  in  ammoniacal  solution,  and  by  stirring  suffi¬ 
ciently  to  prevent  the  formation  of  a  protective  layer  of 
cuprous  ions  silver  alone  is  deposited  on  the  cathode.  Stirring 
also  helps  to  regenerate  cupric  ions  at  the  anode.  Nitrates 

[present  from  the  nitric  acid  used  in  dissolving  the  sample 
play  an  important  part  in  preventing  deposition  of  base 
metals  and  also  help  to  reduce  the  resistance  of  the  electrolyte, 
thereby  keeping  the  solution  cool  and  preventing  loss  of  the 

I  ammonia. 

Silver  deposits  completely  from  the  ammoniacal  solution 
and  only  unweighable  traces  have  been  found  remaining  in 
t,  the  electrolyte.  Likewise  only  traces  of  copper  are  deposited 
with  the  silver,  and  if  weighable  amounts  should  be  deposited 
because  of  inefficient  stirring  they  are  readily  visible  on  the 


surface  of  the  silver.  Silver  has  much  less  tendency  to  air- 
oxidize  than  copper,  and  its  firm  adherence  on  the  cathode 
prevents  loss  when  handled  with  the  care  usually  taken  in 
copper  electrolysis.  The  deposition  of  silver  from  ammoniacal 
nitrate  solution  is  comparable  with  that  from  alkaline  cyanide 
solution.  The  complex  salt  prevents  the  formation  of  excess 
metallic  ions  around  the  cathode.  This  gradual  breaking 
down  of  the  complex  ions  promotes  the  formation  of  fine¬ 
grained  deposits  rather  than  coarse,  loosely  adherent  crystals 
which  are  obtained  from  acid  solutions. 

The  electrolyte  from  the  silver  determination  is  acidified 
with  nitric  acid  and  copper  is  determined  electrolytically. 
The  results  compare  favorably  with  other  electrolytic  copper 
determinations.  The  presence  of  considerable  amounts  of 
ammonium  nitrate  apparently  helps  in  obtaining  complete 
deposition  of  copper.  Anodic  loss  proved  to  be  less  than 
0.00005  gram  when  both  silver  and  copper  were  electrolyzed 
using  the  same  anode. 

Procedure 

Dissolve  a  1-gram  sample  in  a  300-cc.  beaker,  using  10  cc.  of 
concentrated  nitric  acid  and  20  cc.  of  water,  and  heat  to  expel 
lower  oxides  of  nitrogen.  Cool,  and  make  the  solution  distinctly 
alkaline  with  ammonium  hydroxide.  Cool  again  to  room  tem¬ 
perature  and  add  10  cc.  of  concentrated  ammonium  hydroxide  in 
excess.  A  cylindrical,  platinum  gauze  cathode  of  about  loO  sq. 
cm.  and  an  anode  of  spiral-shaped  platinum  wire  are  required  for 
electrolysis.  The  solution  is  diluted  so  that,  when  immersed,  the 
top  rim  of  the  cathode  is  just  above  the  solution  level  (about  150 
to  200  cc.).  Continuous  stirring  is  required  during  the  electroly¬ 
sis  and  must  be  started  before  any  current  is  used.  (In  the  ab¬ 
sence  of  a  stirring  device,  efficient  stirring  may  be  obtained  by 
passing  a  moderate  stream  of  air  bubbles  from  a  glass  tube  with 
a  capillary  tip,  adjusted  to  deliver  at  the  bottom  of  the  anode.) 

Cover  the  beaker  with  split  watch  glasses  and  electrolyze  at 
0.4  ampere.  Allow  10  minutes  or  longer  over  the  time  required 
for  deposition  of  the  silver  at  the  rate  of  0.027  gram  per  minute, 
then  add  cautiously  from  a  pipet  10  cc.  of  a  mixture  of  1  part  of 
U.  S.  P.  hydrogen  peroxide  and  3  parts  of  distilled  water.  If  the 
sample  contains  less  than  10  per  cent  of  copper,  add  only  4  cc. 
of  the  mixture.  Do  not  direct  the  peroxide  against  the  cathode. 
Reduce  the  current  to  0.2  ampere  and  rinse  the  cover  glasses. 
After  20  minutes,  lower  the  beaker  without  interrupting  the  stir¬ 
ring  and  rinse  the  electrodes  with  a  jet  of  distilled  water,  catching 
the  rinsings  in  the  beaker.  Dip  the  cathode  in  alcohol  and  dry 
at  110°  C.  Any  deposition  of  copper  is  evidence  of  inefficient 
stirring.  This  copper  may  be  removed  by  continuing  the  elec¬ 
trolysis  with  an  increased  rate  of  stirring.  If  a  yellowish  color  is 
evident  on  the  cathode,  dip  the  cathode  in  dilute  hydrochloric 
acid  after  weighing,  rinse,  dry,  and  weigh  again,  taking  the  differ¬ 
ence  in  weight  as  copper.  With  proper  stirring,  however,  only 
metallic  silver  will  deposit. 

Acidify  the  electrolyte  with  concentrated  nitric  acid  and  add  10 


432 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  6 


cc.  in  excess.  If  any  cloudiness  develops  due  to  cuprous  oxide, 
add  sufficient  hydrogen  peroxide  to  clear  the  solution.  Cool  the 
solution  to  room  temperature,  transfer  to  a  500-ce.  beaker,  and 
electrolyze  for  copper  at  2.5  amperes. 

Precautions 

Interruption  of  the  stirring  during  the  early  stages  of  the 
silver  electrolysis  will  cause  precipitation  of  considerable 
amounts  of  silver  which  remain  undissolved  on  the  bottom 
of  the  beaker.  Insufficient  stirring  near  the  end  of  the 
electrolysis  will  cause  deposition  of  copper.  With  these 
precautions  in  mind,  the  analyst  may  even  double  the  rate 
of  deposition  and  obtain  accurate  results  by  using  a  sufficient 
stirring  rate. 

Table  I.  Percentage  of  Silver  in  Representative  Silver 

Solders 


Sample  No. 

Electrolytic  Method 

Silver  Chloride 
Method 

1 

15.10 

15.12 

15.13 

2 

15.19 

15.20 

15.21 

3 

20.26 

20.23 

20.26 

4 

20.08 

20.06 

20.06 

5 

45.10 

45.12 

45.12 

6 

45.04 

45.03 

45.07 

7 

64.99 

65.00 

65.01 

8 

64.98 

65.00 

65.00 

9 

50.22 

50.20 

50.20 

10 

50.21 

50.22 

50.23 

Lead  and  metals  that  are  more  noble  than  copper  will 
deposit  with  the  silver.  Lead  deposits  partly  on  the  anode 
and  partly  on  the  cathode.  Nickel  present  in  amounts  over 
5  per  cent  in  the  sample  causes  poor  adherence  of  silver  and 
loss  by  dusting.  Cathodes  should  be  carefully  stripped  of  all 
silver  before  heating  to  high  temperatures  or  silver  will  alloy 
with  the  platinum. 

Discussion 

Table  I  shows  results  obtained  by  electrolysis  as  compared 
with  the  A.  S.  T.  M.  silver  chloride  precipitation  method. 
The  figures  given  in  the  silver  chloride  column  were  obtained 
by  making  several  determinations  until  absolute  checks  were 
obtained.  Five  different  types  were  selected  as  representative 


of  the  more  common  silver  solders.  In  addition  to  the  silver, 
the  compositions  of  the  samples  were  as  follows:  1  and  2 
contained  80  per  cent  of  copper  and  5  per  cent  of  phosphorus; 
3  and  4  contained  45  per  cent  of  copper  and  35  per  cent  of 
zinc ;  5  and  6  contained  30  per  cent  of  copper  and  25  per  cent 
of  zinc;  7  and  8  contained  20  per  cent  of  copper  and  15  per 
cent  of  zinc;  9  and  10  contained  15  per  cent  of  copper,  17 
per  cent  of  zinc,  and  18  per  cent  of  cadmium. 

Table  II.  Weight  of  Synthetic  Samples 


Sample 

Silver 

Silver 

Copper 

Copper 

No. 

Added 

Deposited 

Added 

Deposited 

Grams 

Grams 

Gfams 

Grams 

11 

0.9998 

0.9998 

Nil 

12 

1.9996 

1.9995 

Nil 

13 

0.9998 

0.9999 

0.1 

14 

0.9998 

0.9997 

0.5 

15 

0.9998 

0.9997 

1.0 

16 

0.3862 

0.3861 

1.0 

17 

0.2536 

0.2536 

1.0 

18 

0.3506 

0.3506 

0.8169 

O^m 

19 

0.3057 

0.3057 

0.5075 

0.5076 

20 

0.3029 

0.3028 

1.0122 

1.0124 

Table  II  shows  the  wide  range  of  applicability  of  the  electro¬ 
lytic  method.  The  silver  and  copper  used  in  preparing  the 
samples  were  carefully  assayed  by  A.  S.  T.  M.  methods. 
Both  metals  were  99.98  per  cent  pure  and  the  weights  used 
in  the  tables  are  based  on  this  metallic  content.  Both  tables 
indicate  that  the  error  for  silver  may  be  due  only  to  weighing. 
Slightly  high  results  for  copper  may  be  due  to  air  oxidation. 
The  procedure  apparently  causes  no  abnormal  error  for  copper. 

Conclusion 

Electrodeposition  of  silver  from  an  ammoniacal  nitrate 
solution  is  rapid  and  accurate.  Copper  may  be  determined 
rapidly  by  electrolysis  from  the  acidified  electrolyte.  The 
method  may  be  used  for  silver  solders  and  various  other 
silver  alloys. 
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Determining  the  Evaporation  Rate  of  Solvents 

at  High  Temperatures 

F.  C.  THORN  AND  C.  BOWMAN,  Garlock  Packing  Co.,  Palmyra,  N.  Y. 


THE  recent  technical  literature  has  shown  evidence  of  a 
considerable  revival  of  interest  in  the  subject  of  evapora¬ 
tion  rate  of  solvents  (1,  2,  5,  6,  7,  9).  Most  of  the  methods, 
however,  have  been  designed  to  duplicate  the  conditions 
prevailing  during  the  evaporation  of  solvents  from  varnish 
and  lacquer  films — i.  e.,  the  evaporation  of  thin  layers  of 
solvent  into  large  volumes  of  air  at  approximately  room 
temperatures.  There  is  an  extensive  field  for  solvents  in 
factory  processing  wherein  the  solvent  is  expelled  with  the 
aid  of  heat,  and  for  which  the  foregoing  methods  of  solvent 
evaluation  do  not  appear  to  be  adequate.  The  authors 
thought  that  it  might  be  of  interest  at  this  time  to  report  a 
method  which  has  been  used  in  this  laboratory  in  substantially 
its  present  form  for  the  past  ten  years  for  the  purpose  of 
evaluating  petroleum  solvents  employed  in  the  manufacture 
of  rubber  cements  and  compressed  asbestos  sheet  doughs, 


from  which  they  are  subsequently  expelled  with  the  aid  of 
heat  and  air. 

The  features  that  distinguish  this  method  from  any  of  the 
methods  above  referred  to  are: 

1.  Approximately  complete  saturation  of  the  air  stream, 
thereby  eliminating  the  time  element  and  making  results 
available  directly  as  liters  (or  cubic  feet)  of  air  per  cubic 
centimeter  (or  gallon)  of  liquid  solvent. 

2.  Provision  for  maintaining  sample  at  any  desired  tem¬ 
perature  by  vapor  heating.  Vapor  heating  is  preferred  to 
an  air  or  water  thermostat  because  of  its  high  rate  of  heat 
input. 

3.  Provision  for  reading  volume  of  sample  at  all  stages 
of  evaporation,  without  moving  any  part  of  the  equipment. 

4.  Use  of  a  large  sample,  permitting  accurate  determina¬ 
tion  of  the  dry  point. 
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Figure  I 


Figure  II 


In  Figure  II  is  shown  the  same 
apparatus  arranged  for  heating 
by  the  vapor  of  any  constant¬ 
boiling  solvent,  the  ones  the 
authors  use  being  principally  ethyl 
ether  (b.  p.  35°  C.)  and  methanol 
(b.  p.  65°  C.). 

In  Figure  III  is  shown  a  curve 
obtained  on  c.  p.  toluene  at 
100°  C.,  together  with  the  curve 
calculated  from  the  vapor  pres¬ 
sure  as  given  in  International 
Critical  Tables  (S).  The  close 
adherence  to  theoretical  satura¬ 
tion  will  be  noted. 

In  Figure  V  will  be  noted  the 
evaporation  curves  at  100°  C.  of 
two  petroleum  solvents,  one  light, 
A,  as  received  from  the  refinery, 
and  one  heavy,  B,  as  obtained 
from  a  recovery  system.  The 
corresponding  distillation  curves 
by  the  A.  S.  T.  M.  method  are 
shown  in  Figure  VI.  Experience 
has  shown  that  a  product  to  be 
satisfactory  for  factory  processing 
should  be  completely  volatile  in 


The  apparatus  is  shown  in  Figures  I  and  IV  arranged  for  heating 
by  steam.  The  100-cc.  sample  is  inserted  in  the  conical  centrifuge 
tube,  A,  which  is  similar  to  the  container  used  by  Wetlaufer 
and  Gregor  (7)  except  that  it  has  more  graduations  and  is  cor¬ 
rected  for  the  volume  of  the  inlet  tube.  The  sample  expands  on 
heating  to  a  new  volume  (about  110  cc.),  which  figure  is  noted 
and  used  as  a  divisor  in  the  subsequent  percentage  calculations. 
If  the  sample  boils  partly  below  100°  C.,  this  method  of  correcting 
for  volume  cannot  be  employed;  it  is  necessary  in  such  cases  to 
employ  an  arbitrary  correction  for  volume  based  on  extrapola¬ 
tion  of  the  expansion  rate  of  the  solvent  as  determined  at  lower 
temperatures.  After  the  sample  has  reached  the  temperature  of 
the  steam  and  any  low-boiling  fractions  have  boiled  away  the 
air  stream  is  started  through  the  wet  test  meter,  B,  preheater 
coil  C,  and  2-mm.  inlet  tube  D.  An  air-drying  tube  was  formerly 
employed  but  was  found  unnecessary  and  is  omitted.  The  rate 
of  air  flow  is  not  critical,  provided  the  withdrawal  of  heat  by 
evaporation  is  not  rapid  enough  to  lower  the  temperature  of  the 
sample  appreciably.  In  practice  the  authors  test  gasolines  at  300 
cc.  per  minute,  having  found  that  there  is  practically  no  difference 
between  curves  obtained  at  this  and  at  lower  speeds.  After  25 
per  cent  has  been  evaporated  they  generally  increase  the  rate  to 
500  cc.  per  minute.  At  intervals  the  air  flow  is  shut  off  long 
enough  to  take  simultaneous  readings  on  the  tube  and  meter. 
Results  are  plotted  as  liters  of  air,  corrected  to  21°  C.,  as  a  func¬ 
tion  of  per  cent  evaporated  based  on  an  initial  100-cc.  sample. 


STEAM  INPUT 


120  liters  of  air.  As  the  passage  of  120  liters  through  heavy 
solvent  B  leaves  about  3  per  cent  residue,  it  might  be  expected 
that  a  somewhat  similar  residue  would  be  found  in  factory 
processing,  which  was  the  case.  On  the  other  hand,  solvent  A 
used  alone  is  unnecessarily  volatile,  resulting  in  heavy  handling 
losses.  Examination  of  evaporation  curves  for  A  and  B  sug¬ 
gests  that  a  suitable  solvent  could  be  obtained  by  a  blend  of  6 
parts  of  B  and  4  parts  of  A,  as  indicated  by  the  line  D,  the 
ordinates  of  which  are  interpolated  between  the  ordinates  of 
curves  A  and  B  on  a  uniform  60  to  40  ratio.  Curve  C  is  the 
evaporation  curve  actually  obtained  from  such  a  blend,  indicat¬ 
ing  that  at  least  for  the  type  of  solvent  employed  the  air 
volumes  required  for  evaporation  are  approximately  additive. 

In  Figure  VII  are  shown  the  evaporation  curves  of  solvent 
C  at  three  temperatures.  If  the  air  volumes  at  100  per  cent 
evaporation  of  these  curves  are  replotted  (Figure  VIII)  as  a 
function  of  temperature,  and  compared  with  similar  curves  for 


434 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  8,  NO.  6 


0  20  40  60  80  100 

PERCENT  EVAPORATED 


pure  straight-chain  paraffin  hydrocarbons,  calculated  from 
vapor-tension  data  given  by  Wilson  ( 8 ),  shown  in  dotted  lines, 
the  curve  lies  close  to  that  of  pure  octane.  It  may  be  said, 
then,  that  in  respect  to  the  air  volume  required  for  complete 
evaporation,  solvent  C  is  equivalent  to  octane.  It  would  be 
a  fair  assumption  therefore  that  its  “equivalent  molecular 
weight,”  and  consequently  vapor  volume,  explosive  limits, 
etc.,  at  complete  evaporation  would  correspond  approximately 
to  those  of  octane.  This  conception  is  very  useful  in  designing 
fume  systems,  recovery  equipment,  etc.,  for  handling  the 
solvent,  the  necessary  data  being  difficult  to  secure  by  other 
methods. 

The  formula  used  for  computing  the  curves  for  the  pure 
hydrocarbons  is: 

cc.  evaporated  =  7  X  T-±£*  X^X^X  X 

M  ^  i  5.45  X  10“5  XV  X  A  X  P  X  M 
22.4  X  D  (A  -  P)  D 

where  V  =  liters  of  ingoing  air,  measured  at  21°  C.  and 
prevailing  atmospheric  pressure  A 
T  —  temperature  of  evaporator  tube  (°  C.) 

A  =  atmospheric  pressure  in  mm.  of  mercury  (assumed 
as  760  in  computing  curves  above) 

P  =  vapor  pressure  of  liquid  at  temperature  T  in 
mm.  of  mercury 
M  —  molecular  weight 
22.4  =  Avogadro’s  constant 

D  =  density  of  liquid  at  21°  C.  (grams  per  cc.,  8) 

The  formula  differs  from  that  used  by  Hofmann  ( 2 )  in  the 
presence  of  the  terms  A  in  the  numerator  and  A —  Pin  the 
denominator.  It  seems  probable  that  evaporation  test 


methods,  such  as  the  one  described  above,  which  measure 
the  volume  of  incoming  air  rather  than  volume  of  outgoing 
vapors,  are  not  independent  of  barometric  pressure,  and  the 
magnitude  of  the  correction  for  barometric  variation  increases 
with  the  vapor  pressure  of  the  solvent — i.  e.,  with  the  dis¬ 
crepancy  between  incoming  and  outgoing  vapor  volumes.  A 
further  correction  should  theoretically  be  applied  to  the 
authors’  indicated  meter  readings,  based  upon  the  varying 
hydrostatic  head  created  by  the  height  of  liquid  in  the 
sample  tube.  In  practice  such  corrections  for  the  type  of 
solvent  which  the  authors  employ,  and  for  the  magnitude  of 
barometric  and  hydrostatic  pressure  variations  encountered, 
do  not  total  more  than  5  per  cent,  so  that  they  can  be  ignored. 
A  more  rigid  application  of  this  method,  especially  to  more 
volatile  solvents,  would  necessitate  taking  these  corrections 
into  account. 

It  is  also  realized  that  the  method  is  defective  as  a  measure 
of  the  evaporation  rates  at  incomplete  saturation,  such  as 
occur  in  industrial  applications,  because,  as  pointed  out  by 
Lewis,  Squires,  and  Sanders  (4),  it  takes  no  account  of  the 
factor  of  variable  diffusion  rates  of  the  various  components. 
It  would  not  be  safe,  therefore,  to  extend  the  method  to  mix¬ 
tures  of  components  of  widely  different  molecular  weights. 
For  the  particular  type  of  solvents  referred  to,  however,  it  has 
been  found  to  furnish  a  good  index  to  factory  performance. 
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A  New  Colorimetric  Procedure 

Adapted  to  Selenium  Determination 
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Ground  surface 
Coarse  porous  disc 

(sintered  glass) 

Inside  diameter  can  be 
greater  than  Zflmm. 
but  outside  must  be 
t be  same  as  cylinder 
above ,  as  a  sleeve  of 
rubber  tubing  holds 
them  together 


Figure  1.  Filter  Tube  Unit 


tube  so  as  not  to  disturb  the  surface  of  the  mat.  The  tube  is  now 
kept  relatively  full,  in  order  that  the  pouring  in  of  additional 
solution  will  not  disturb  the  film  already  formed  on  top  of  the 
barium  sulfate  mat. 

When  the  filtration  is  completed  the  rubber  sleeve  is  slid  onto 
the  lower  tube  while  the  upper  one  is  held  in  place.  The  filter 
paper  disk  and  mat  are  removed  and  allowed  to  dry  for  a  few 
minutes.  Two  drops  of  glycerol  are  placed  on  a  microscope  slide, 
and  the  slide  is  inverted  and  pressed  gently  and  uniformly  in 
contact  with  the  colloidally  covered  mat  surface.  Colorimetric 
comparisons  are  made  with  standards  prepared  in  the  same  way 
from  standard  solutions. 

When  the  20-mm.  tube  is  used  in  the  case  of  colloidal 
selenium,  comparisons  are  best  made  in  a  range  from  0.005  to 
0.15  mg.  of  selenium,  and  the  samples  can  be  compared  in  this 
range  with  an  accuracy  of  about  0.001  to  0.01  mg.  Precision 
is  of  the  same  magnitude.  Above  this  range  gradations  are 
not  so  sharp,  unless  a  unit  of  larger  diameter  is  used.  It  was 
determined  that  a  mat  one-half  (14.1  mm.  in  diameter)  the 
area  of  the  20-mm.  mat  would  provide  still  greater  sensitivity 
in  lower  amounts. 

The  red  and  blue  forms  of  colloidal  gold  and  Prussian  blue 
were  retained  by  a  barium  sulfate  mat  prepared  as  for  sele¬ 
nium.  Preliminary  experiments  indicate  that  for  white  or 
other  light-colored  sols  black  or  other  colored  mats  can  be 
used. 


.00 


.01 


.02  .04 


THE  instability  of  many  colloidal  sols  necessitates  the 
daily  preparation  of  a  new  set  of  standards  for  colorimet¬ 
ric  comparison.  The  following  procedure  provides  for  more 
permanent  standards,  eliminates  turbidity  difficulties,  and 
also  makes  feasible  the  filing  of  the  unknowns. 

A  diagram  of  the  apparatus  is  given  in  Figure  1 . 

A  disk  of  filter  paper  (S.  &  S.  589  blue  ribbon)  is  moistened 
and  placed  on  top  of  the  porous  plate  tube  which  has  been  at¬ 
tached  to  a  suction  filter  flask.  The  cylinder  is  placed  on  the 
filter  paper  and  held  in  place  by  a  sleeve  of  rubber  tubing.  A 
mat  of  barium  sulfate,  freshly  precipitated,  is  filtered  onto  this 
filter  paper.  For  a  disk  20  mm.  in  diameter  a  mixture  of  20  cc. 
of  1  per  cent  barium  chloride  and  10  cc.  of  1  per  cent  sulfuric  acid 
provides  a  satisfactory  mat  for  collecting  colloidal  selenium. 
This  retains  colloidal  selenium  as  a  thin  surface  layer  against  a 
standard  white  background. 

Little  suction  is  applied  when  filtration  of  barium  sulfate  is 
first  started,  but  a  vacuum  of  about  30  cm.  should  be  reached  at 
the  end  of  the  mat  formation  and  should  be  maintained  during 
the  filtration  of  the  colloidal  precipitate. 

The  mat  having  been  formed,  the  solution  containing  the  col¬ 
loidal  precipitate  is  shaken  and  poured  into  the  inclined  filter 


Figure  2.  Selenium  Standards 

One-half  size,  panchromatic  process  film,  F  7.7,  Wratten  B 
filter,  2.5  minutes’  exposure 

It  is  obvious  that  this  method  can  be  used  in  micro  ranges 
by  substitution  of  mats  of  small  diameter.  For  example, 
0.001  mg.  of  iron  converted  to  Prussian  blue  gives  a  very  dis¬ 
tinct  color  on  a  14.1-mm.  mat;  a  5-mm.  mat  would  give  the 
same  intensity  with  an  eighth  this  amount  of  Prussian  blue. 

Conclusion 

A  method  is  described  by  which  colored  precipitates  of 
colloidal  fineness  can  be  filtered  onto  a  mat  of  barium  sulfate. 
Permanent  standards  are  produced  and  turbidity  difficulties 
are  removed.  The  procedure  has  been  used  for  the  estima¬ 
tion  of  0.005  to  0.15  mg.  of  selenium  with  an  accuracy  of 
0.001  to  0.01  mg. 
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Physical  and  Chemical  Properties  of  Petroleum 

Fractions 

II.  Relations  between  Molecular  Weight  and  Concentration  in  Dilute  Solution 


HARRY  T.  RALL  AND  HAROLD  M.  SMITH,  Petroleum  Experiment  Station,  Bartlesville,  Okla. 


The  molecular  weights  of  oils  as  usually 
calculated  from  either  cryoscopic  or 
ebullioscopic  data  generally  change  uni¬ 
formly  with  concentration.  This  necessi¬ 
tates  a  series  of  determinations  so  that  the 
curve  through  the  determined  values  may 
be  extrapolated  to  zero  concentration. 

There  appears  to  be  a  relation  between 
the  slope  of  the  molecular  weight-con¬ 
centration  curve  and  the  value  of  the 
extrapolated  molecular  weight.  If  this 
relationship  is  equated  with  the  formula 
connecting  the  concentration  and  molecu¬ 
lar  weight,  the  result  is  an  equation  that 
will  give  the  value  of  the  extrapolated 
molecular  weight  from  one  determination. 

Equations  of  this  character  are  given  for 
benzene  and  ethylene  bromide.  Compari¬ 
sons  of  calculated  and  actual  results  are 
also  given  which  show  that  for  the  data 
presented  the  suggested  method  applies 
fairly  well. 


IT  HAS  long  been  observed,  in  the  determination  of  molecu¬ 
lar  weights  of  petroleum  fractions  by  the  cryoscopic  method 
in  benzene,  that  the  apparent  molecular  weight  of  the  solute  as 
calculated  by  the  ordinary  formula 


„  M „  ^  w 
m  K  A  X  W 


(1) 


increases  with  the  concentration  of  the  solute.  Equally  true, 
but  perhaps  less  commonly  known,  is  the  case  of  solvents 
in  which  the  deviation  is  negative,  as  for  cyclohexane  in  the 
cryoscopic  method  and  carbon  tetrachloride  or  cyclohexane 
in  the  ebullioscopic  method.  So  far  as  the  authors  can  ascer¬ 
tain,  no  adequate  explanation  of  these  departures  from  theo¬ 
retical  solution  laws  has  been  made.  However,  the  reason 
for  these  deviations  is  not  the  subject  of  this  paper;  rather 
it  is  recognized  as  a  fact,  and  an  attempt  is  made  to  utilize 
it  to  simplify  the  determination  of  the  molecular  weight  of 
petroleum  fractions. 


Empirical  Relationships 

FitzSimons  and  Thiele  (1)  report  an  attempt  to  devise  a 
formula  from  which  the  extrapolated  molecular  weight  could 
be  calculated  from  a  single  observation  of  molecular  weight  by 
the  freezing  point  depression  method.  Their  formula,  stated 
to  be  applicable  to  benzene  and  cyclohexane,  is  given  as 

M  =  (K  -  2A)  £  .  ^  (2) 


which  may  be  rearranged  as 

M  =  m  (^-^)  (3) 

where  M  is  the  extrapolated  value  of  molecular  weight,  m 
the  observed  molecular  weight  as  calculated  by  Formula  1, 
w/W  the  concentration  in  grams  of  solute  per  gram  of  solvent, 
M,  the  molecular  weight  of  the  solvent,  K  the  molar  cryo¬ 
scopic  constant,  and  A  the  depression  in  degrees  Centigrade. 
It  appears  that  Equation  3  implies  a  definite  percentage  de¬ 
crease  over  Formula  1  for  each  oil  per  degree  depression,  the 
percentage  varying  with  the  solvent,  being  smaller  the  larger 
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CONCENTRATION,  C  = 

Figure  1.  Relationship  between  Observed  Molecular 
Weight  and  Concentration  for  Three  Cryoscopic 

Solvents 
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the  cryoscopic  constant.  The  experience  of  this 
laboratory  is  that  such  a  simple  correction  will 
not  apply  generally  to  all  oils  or  to  all  solvents. 

It  definitely  cannot  be  applied  to  solvents  in 
which  the  slope  of  the  molecular  weight-con¬ 
centration  curve  is  negative. 

During  the  past  few  years  this  laboratory  has 
had  occasion  to  make  numerous  molecular 
weight  determinations  by  both  the  cryoscopic 
and  ebullioscopic  (Menzies-Wright)  methods 
with  pure  and  impure  solvents  and  with  and 
without  dehydrating  agents  (2).  It  has  been 
observed  that  the  slope  of  the  molecular  weight- 
concentration  curve  depends  for  the  most  part 
upon  the  molecular  weight  of  the  solute.  This 
observation  is  probably  not  precisely  true,  but 
it  is  believed  to  be  sufficiently  exact  for  the 
intended  use  of  the  relationship.  Further  work, 
if  it  does  not  completely  invalidate  the  equa¬ 
tions  developed  on  this  assumption,  will  only 
correct  them.  The  equations  are  entirely 
empirical  and  are  subject  to  correction  or 
abandonment  as  more  and  more  data  are  ac¬ 
cumulated. 

Figure  1  shows  curves  obtained  by  plotting  observed 
cryoscopic  molecular  weights  as  calculated  by  Equation  1 
against  concentration  of  solute  for  four  different  oils  in  three 
different  solvents  (2).  The  discrepancy  between  the  extrapo¬ 
lated  values  of  molecular  weight  of  the  four  oils  in  the 
various  solvents  may  be  due  to  impurities  and  moisture  and 
will  be  disregarded;  the  slope  of  the  curves  is  the  point  to 
which  attention  will  be  directed.  It  will  be  observed  that  the 
slope  for  benzene  and  ethylene  bromide  increases  and  for 
cyclohexane  decreases  as  the  molecular  weight  of  the  oils 
increases. 

Table  I  gives  the  equations  of  all  the  curves  of  Figure  1  and 
also  those  for  six  ebullioscopic  solvents.  The  method  of 
averages  was  applied  to  the  cryoscopic  and  ebullioscopic  data 
in  the  derivation  of  these  equations.  From  inspection  of  the 
equations  in  Table  I  the  thought  occurs  that  there  might 
possibly  be  some  relation  between  the  extrapolated  value  of 
molecular  weight,  M,  and  the  slope,  S,  of  the  curve.  Figure 
2  shows  the  result  of  plotting  S  against  M .  While  there  are 
several  irregularities  in  the  data  from  which  this  family  of 
curves  was  derived,  there  seems  to  be  a  definite  tendency  for 
the  slope  to  increase  or  decrease  as  molecular  weight  increases, 
and  all  curves  appear  to  originate  at  the  origin.  Thus  when 
benzene  is  used  as  a  solvent  in  cryoscopic  determinations  the 
linear  equation,  calculated  by  the  method  of  least  squares 

S  =  1.15  M  (4) 

passes  through  the  origin  and  satisfies  all  the  points  for  this 
solvent  fairly  well.  In  a  like  manner  the  relation,  not  neces¬ 
sarily  linear,  between  slope  S  and  molecular  weight  M  could 
be  determined  for  each  solvent,  provided  the  molecular 
weights  of  sufficient  oils  were  determined  to  make  the  equation 
certain.  Once  this  relation  is  known  it  becomes  simply  a  prob¬ 
lem  in  algebra  to  apply  it  in  developing  an  equation  from 
which  M  can  be  determined  from  a  single  observation  of  m 
on  any  other  sample  of  unknown  molecular  weight.  Refer¬ 
ring  to  Figure  1,  assume  that  the  apparent  molecular  weight 
of  such  an  oil  has  been  determined  and  the  point  P  located. 
It  is  apparent  that  the  extrapolated  molecular  weight  can  be 
represented  by  the  equation 

M  =  m  -  SC  (5) 

which  is  a  transposed  form  of  those  equations  reported  in 
Table  I.  This  equation  can  be  rewritten  to  evaluate  <S  and 
this  value  substituted  in  Equation  4  (or  similar  equations  for 
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various  solvents)  from  which  M  can  be  determined  in  terms 
of  known  quantities.  Thus  the  equation 


M  = 


„  w  Ms 
KW ~A 

1+1.15^ 


1  +  1.15  C 


(6) 


is  obtained  for  benzene  (cryoscopic). 
that  the  equation 


It  might  be  mentioned 


M  = 


1.125  C  K  -  200 J 


1.125  +  C 


m  -  200  C 
1  +  0.889  C 


(7) 


accommodates  the  authors’  own  data  somewhat  more  closely 
than  Equation  6.  This  equation  does  not  include  the  origin 
and  therefore  assumes  some  slope  for  zero  molecular  weight 
which  it  is  believed  is  not  in  accord  with  the  general  trend  of 
the  data  for  the  several  solvents  studied  (Figure  2). 

Table  I.  Slope-Molecular  Weight  Relationships  for 


Solvent 

Benzene  (A-l) 

Seven  Solvents 

Method 

Oil  O-l 

Cryo. 

m 

Equation" 

M  S 

763.7  +  855.2  C 

Benzene  (A-3) 

Ebull. 

m 

= 

705.6  -  215.0  C 

Cyclohexane  (B-l) 

Cryo. 

m 

= 

722.6  -  1674.0  C 

Cyclohexane  (B-3) 

Ebull. 

m 

= 

716.1  -  948.0  C 

Ethylene  chloride 

Ebull. 

m 

= 

725.1  +  1363.0  C 

Isopropyl  ether 

Ebull. 

m 

= 

743.0  -  310.0  C 

Isopropyl  alcohol 

Ebull. 

m 

= 

738.1  +  2446.0  C 

Ethylene  bromide 

Cryo. 

m 

= 

626.5  +  1160.0  C 

Carbon  tetrachloride 

Ebull. 

m 

= 

704.9  -  2166.0  C 

Benzene  (A-l) 

Oil  0-2 

Cryo. 

m 

490.6+  430.5  C 

Benzene  (A-3) 

Ebull. 

m 

= 

459.8  + 

35.0  C 

Cyclohexane  (B-l,  B-2) 

Cryo. 

m 

= 

451.5  -  208.0  C 

Cyclohexane  (B-3) 

Ebull. 

m 

= 

455.6  -  229.0  C 

Isopropyl  ether 

Ebull. 

m 

= 

468.9  - 

31.3  C 

Isopropyl  alcohol 

Ebull. 

m 

= 

457.7  +  1270.0  C 

Ethylene  bromide 

Cryo. 

m 

— 

438.0  +  4920.0  C 

Ethylene  chloride 

Ebull. 

m 

= 

484.6+  626  0  C 

Benzene  (A-2) 

Oil  0-3 

Cryo. 

m 

333.4  +  535.4  C 

Benzene  (A-3) 

Ebull. 

m 

= 

325.9  +  121.7  C 

Cyclohexane  (B-2) 

Cryo. 

m 

= 

328.9  - 

595.5  C 

Cyclohexane  (B-3) 

Ebull. 

m 

= 

326.9  + 

47.1  C 

Ethylene  chloride 

Ebull. 

m 

= 

336.8+  542.2  C 

Ethylene  bromide 

Cryo. 

m 

= 

318.7  +  2500.0  C 

Benzene  (A-2) 

Oil  0-4 

Cryo. 

m 

209.3  +  400.3  C 

Cyclohexane  (B-2) 

Cryo. 

m 

= 

207.9  - 

25.5  C 

Ethylene  bromide 

Cryo. 

m 

= 

197.6  +  1606.0  C 

a  C  =  concentration  = 
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Table  II.  Application  of  Equation  6  to  Molecular  Weight  Data 


c  / 

-Oil  0-1 - 

771  =  \ 

M 

C 

- Oil  0-2  — 

/  m  =  \ 

M 

C 

- Oil  0-3 — 

/  m  =  \ 

M 

ft)  ( 

w  mA 

from 

ft) 

(  Kw  "-•) 

from 

ft) 

(  w  mA 

from 

.  W  A  / 

Eq.  6 

\  W  A  / 

Eq.  6 

\  W  A  / 

Eq.  6 

0.02118 

778.8 

760.3 

0.02734 

498.6 

483.6 

0.01032 

342.3 

338.3 

0.04082 

799.6 

763.7 

0.05677 

514.1 

482.6 

0.02033 

348.0 

340.1 

0.06159 

820.2 

766.0 

0.07871 

525.3 

481.7 

0.03295 

355.8 

342.8 

0.08332 

828.8 

756.3 

0.10825 

538.2 

478.6 

0.02400 

351.1 

341.6 

0.01626 

778.5 

764.2 

0.01166 

501.2 

494.6 

0.03598 

358.3 

344.1 

0.03472 

794.4 

763.9 

0.02462 

501.6 

487.8 

0.00603 

336.3 

334.0 

0.05587 

814.6 

765.4 

0.03942 

506.2 

484.2 

0.01456 

340.7 

335.1 

0.07817 

829.6 

761.2 

0.06195 

519.3 

484.8 

0.02542 

345.1 

335.3 

0.01016 

494.5 

488.8 

0.03711 

352.2 

337.8 

0.00503 

495.8 

492.9 

0.04722 

356.4 

338.0 

0.02021 

495.3 

484.0 

0.00727 

333.9 

331.1 

0.03544 

505.0 

485.2 

0.01561 

339.3 

333.3 

0.05220 

511.0 

482.1 

0.02615 

342.5 

332.5 

0.07307 

522.7 

482.2 

0.03517 

346.9 

333.4 

Extrapolated  values 
for  M 

763.7 

763.7 

490.6 

490.6 

333.4 

333.4 

Average 

805.6 

762.6 

509.2 

485.2 

346.3 

337.0 

C 

/  m  =  \ 

M 

ft) 

(  »  M.) 

from 

\  W  A  / 

Eq.  6 

0.00719 

212.8 

211.1 

0.01391 

215.5 

212.1 

0.02140 

217.3 

212.1 

0.00546 

214.9 

213.6 

0.01054 

213.2 

210.6 

0.01602 

215.8 

211.9 

0.02468 

218.8 

212.8 

0.00485 

206.4 

205.3 

0.01091 

214.0 

211.3 

209.3 

209.3 

214.3 

211.2 

Table  II  gives  the  results  of  cryoscopic  molecular  weight 
determinations  in  benzene  made  on  four  oils  calculated 
according  to  the  usual  equation  and  according  to  Equation  6. 
In  Figure  3,  where  these  same  data  are  plotted,  the  effect  of 
applying  Equation  6  is  apparent,  and  the  curves  indicate  that 
the  result  probably  is  fairly  adequate  for  the  purpose.  How¬ 
ever,  it  is  believed  that  additional  data,  carefully  obtained, 
might  lead  to  an  even  better  formula  universally  applicable 
to  the  determination  of  the  molecular  weight  of  petroleum  and 
its  fractions  with  benzene  in  the  cryoscopic  method. 

It  is  realized  that  several  laboratories  have  reported  molecu¬ 
lar  weight  vs.  concentration  curves  not  in  harmony  with  some 
of  those  presented  in  this  paper.  Data  from  other  petroleum 
laboratories  working  with  apparatus  similar  to  the  authors’ 
have  been  examined  and  considerable  agreement  has  been 
found. 

Application  of  Equations  to  Data 


molecular  weight,  M,  of  any  sample  from  cryoscopic  data  in 
benzene  if  calculated  according  to  Equation  6.  The  agreement 
is  not  perfect  but  it  is  encouraging. 

It  is  assumed  in  the  case  of  benzene  (cryoscopic)  that  the 
relation  between  S  and  M  is  linear.  This  assumption  is 
probably  near  enough  to  fact  for  the  purpose  of  formulating 
Equation  6,  but  additional  data  would  probably  show  it  to 
be  a  curve.  Most  of  the  other  data  of  Figure  2  cannot  be 
represented  suitably  by  straight  lines.  Thus  the  equation  of 
the  parabola 

S  =  0.0482  (M  -  170)2  +  1550  (8) 

is  in  agreement  with  the  authors’  data  for  ethylene  bromide. 
The  curve,  however,  does  not  pass  through  the  origin  and 
therefore  cannot  apply  to  data  below  M  =  250,  as  can  be 
readily  understood  by  inspection  of  Figure  2.  An  equation 
for  ethylene  bromide  corresponding  to  Equation  6  for  ben¬ 
zene  can  be  developed  from  Equation  8. 


The  applicability  of  Equation  6  to  some  such  data  is  shown 
in  Figure  4  where  the  results  obtained  by  eight  laboratories 
as  well  as  the  authors’  are  graphed  for  the  four  oils  (#)  re¬ 
ported  in  Table  I.  At  intervals  are  shown  curves  that  repre¬ 
sent  the  ideal  slope  all  data  would  have  to  assume  to  accom¬ 
modate  Equation  6  perfectly.  Any  data  falling  on  these  ideal 
curves  or  roughly  parallel  to  them  would  give  the  extrapolated 
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Figure  3.  Application  of  Equation  6  to  Molecular 
Weight  Data  in  Renzene 


M  =  (16.39  C  -  1)  +  Vl  -  (32.78  -  0. 1928  m)  C  -  298.9  C1 


This  formula  corrects  all  the  data  obtained  in  ethylene 
bromide  so  nearly  perfectly  that  any  single  determination 
might  have  been  accepted  with  confidence  that  in  no  case 
would  the  error  from  the  extrapolated  value  be  very  great, 
considering  that  the  rise  in  apparent  molecular  weight  (as 
calculated  by  the  ordinary  formula)  with  concentration  is 
unusually  great.  Of  course,  the  result  cannot  be  any  more 
accurate  than  is  the  single  determination  itself.  If  it  is  in 
error  (datum  does  not  lie  on  the  molecular  weight-concentra¬ 
tion  curve)  then  the  results  of  applying  the  above  formula 
will  also  be  in  error  by  a  corresponding  amount  plus  any 
additional  error  that  might  be  incorporated  in  the  formula 
itself.  The  latter  is  small  in  this  particular  case.  Table  III 
gives  the  result  of  applying  the  formula  to  the  data  from  one 
of  the  oils. 

Equation  9  is  entirely  too  cumbersome  for  convenience, 
but  it  indicates  what  can  be  done  even  in  the  case  of  such  a 
solvent  as  ethylene  bromide,  where  the  increase  of  apparent 
molecular  weight  with  concentration  is  exceptional.  Figure  5 
shows  clearly  how  Equation  9  reduces  the  data  obtained  for 
oil  O-l  in  ethylene  bromide  to  nearly  a  horizontal  line.  Since 
Equation  8  fits  the  data  points  for  oils  0-2,  0-3,  and  0-4  as 
accurately  as  it  does  the  data  point  of  0-1  (Figure  2),  it  is 
obvious  that  molecular  weight  data  for  these  oils  will  plot 
just  as  nearly  horizontal  if  calculated  by  Equation  9  as  do 
the  data  for  oil  0-1.  Tables  II  and  III  indicate  the  error 
possible  in  accepting  an  “average”  molecular  weight  when 
calculated  by  the  usual  formula,  particularly  where  large 
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Figure  4.  Graphical  Comparison  of  Data  from  Nine 
Laboratories  with  Equation  6 


concentrations  of  solute  are  employed  or  solvents  giving  a 
steep  molecular  weight-concentration  curve  are  used. 

Discussion 

It  should  be  understood,  of  course,  that  these  equations  are 
entirely  empirical  and  are  based  upon  the  molecular  weights 
of  the  four  petroleum  oils  studied.  They  are  therefore  sub¬ 
ject  to  revision  or  rejection  as  further  data  are  accumulated. 
However,  the  attention  of  all  petroleum  laboratories  is  di¬ 
rected  to  these  equations  and  their  development  in  the  hope 
that  confirmation  or  conflict  may  be  discovered  in  data  of 
these  laboratories.  These  equations  are  recommended  for 
use  primarily  where  only  one  determination  of  apparent 
molecular  weight  is  made.  The  procedure  of  determining 
apparent  molecular  weight  at  various  concentrations  and 
extrapolating  to  zero  concentration  is  still  to  be  considered 
the  safest  practice.  However,  if  only  one  determination  is 
made,  equations  such  as  6  and  9  appear  to  the  authors  to  be  a 
logical  approximation,  particularly  if  in  that  determination  a 
high  concentration  of  oil  is  used  or  a  solvent  whose  slope- 
molecular  weight  curve  deviates  rapidly  from  the  molecular 
weight  axis. 


Table  III.  Application  of  Equation  9  to  Molecular 

Weight  Data 


(Oil  O-l  in  ethylene  bromide) 
C  m  = 


(w)  ( 

K  — 

M,\ 

M  from 

W 

A  ) 

Equation  9 

0.01818 

808 

.1 

609.8 

0.02030 

838 

.0 

614.0 

0.03873 

1078 

.5 

627.4 

0.02717 

946 

.  1 

628.5 

0.01744 

850 

.8 

638.7 

0.00290 

632 

.5 

601.8 

0.05427 

1267 

.7 

630.0 

0.03611 

1048 

.2 

628.4 

0.02260 

897 

.5 

630.9 

0.00855 

737. 

,5 

635.8 

0.00348 

671. 

.2 
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0.00612 

643. 

.8 
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0.00646 

697. 

,8 
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0.00249 

653. 

.4 
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0.00914 

771. 
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0.01251 
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Figure  5.  Application  of  Equation  9  to  Molecular 
Weight  Data  in  Ethylene  Bromide 

Considering  the  curves  shown  in  Figure  2,  it  would  seem 
that  some  idea  could  be  obtained  of  the  relative  desirability 
of  the  solvents  when  used  in  cryoscopic  or  ebullioscopic  deter¬ 
minations.  Thus,  ethylene  bromide  swinging  sharply  away 
from  the  molecular  weight  axis  indicates  a  rapid  departure 
from  ideal  solution  laws  as  the  molecular  weight  increases. 
Conversely,  those  curves  lying  near  the  molecular  weight 
axis  would  indicate  less  deviation  from  solution  laws.  From 
this  standpoint  benzene  used  either  cryoscopically  or  ebullio- 
scopically  should  be  the  preferred  solvent.  However,  other 
factors  might  also  influence  the  choice  of  solvent,  such  as  the 
solubility  of  water  and  of  the  sample  to  be  determined,  the 
value  of  K,  the  convenience  of  the  freezing  or  boiling  point, 
and  probably  numerous  other  conditions,  some  of  which  might 
be  peculiar  to  special  laboratories  or  equipment.  Thus,  in 
the  authors’  apparatus  (2)  cyclohexane  is  a  satisfactory  cryo¬ 
scopic  solvent.  The  authors  do  not  believe  it  would  be  as 
satisfactory  as  benzene  in  the  usual  type  of  apparatus  because 
its  low  heat  of  fusion  necessitates  good  agitation  and  rapid 
determination  of  freezing  point  before  the  concentrating  of 
the  solvent  due  to  crystallization  becomes  appreciable. 
Similarly,  from  inspection  of  Figure  2,  isopropyl  ether  would 
seem  to  be  as  satisfactory  an  ebullioscopic  solvent  as  benzene. 
However,  the  property  of  frothing  and  the  limited  solubility 
of  petroleum  oils  in  this  solvent  are  serious  objections  to  its 
use  in  the  Menzies-Wright  apparatus. 
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Measurement  of  Flow  Rates  of  Hot-Oil  Streams 

by  the  Dilution  Method 

Study  of  Naphthenic  Acid  for  Use  as  Diluent 

T.  A.  MANGELSDORF,  B.  L.  SOWERS,  and  A.  J.  DEUTSER,  The  Texas  Company,  Port  Arthur,  Texas 


For  test  purposes  the  dilution,  method  of 
measurement  is  desirable  for  determining 
rates  of  flow  of  internal  recirculating  hot- 
oil  streams  on  commercial  cracking  units 
and  distillation  equipment.  Previously 
this  method  has  not  been  used  for  oil 
streams  because  there  was  available  no  ma¬ 
terial  which  was  known  to  be  satisfactory 
as  a  diluent. 

Commercial  naphthenic  acid  produced  as 
a  by-product  of  the  refining  of  naphthene- 
base  crudes  has  been  found  suitable  for  use 
in  this  service.  Its  concentration  may  be 
determined  accurately  even  in  dilute  solu¬ 
tions  with  the  modified  method  herein  re¬ 
ported,  it  is  sufficiently  stable,  it  is  non- 
corrosive,  and  its  cost  is  moderate. 

Tests  on  a  commercial  cracking  unit  indi¬ 
cated  that  charge  rates  determined  by  the 
dilution  method,  using  naphthenic  acids  as 
the  diluent,  checked  within  2  per  cent  the 
rates  determined  by  tank  gagings. 

THE  accurate  measurement  of  flow  rates  of  internal  re¬ 
circulating  streams  in  commercial  cracking  units  and  dis¬ 
tillation  equipment  is  of  considerable  importance  in  petro¬ 
leum  refineries,  particularly  in  connection  with  experimental 
work.  Unfortunately  the  usual  types  of  commercial  meters 
are  not  suitable  for  accurate  measurements  in  this  service, 
partly  because  the  flow  is  generally  pulsating  and  partly  be¬ 
cause  of  inadequate  knowledge  of  the  temperature-pressure- 
volume  relationships  of  oils  at  the  conditions  encountered. 
Although  accurate  results  could  be  obtained  by  cooling  the 
recirculating  streams,  discharging  to  tankage  where  accurate 
gagings  would  be  possible,  and  reheating  and  returning  to  the 
system,  this  would  obviously  be  a  very  costly  procedure  and 
could  be  applied  only  in  very  special  cases. 

Frequently,  during  experimental  work,  flow  rates  are  main¬ 
tained  sufficiently  constant  so  that  a  determination  of  rate 
over  a  relatively  short  time  will  be  representative  of  the  rates 
over  a  longer  period.  In  other  cases  meters  of  some  type  may 
be  available  which  will  give  accurate  measurements  if  cali¬ 
brated  under  the  conditions  at  which  they  operate.  Undes 
these  circumstances — that  is,  for  calibrating  purposes  or  for 
other  conditions  where  the  determination  of  rate  over  a  rela¬ 
tively  short  time  is  useful — the  dilution  method  of  measure¬ 
ment  has  many  advantages. 

The  Dilution  Method 

The  dilution  method  of  measurement  is  essentially  simple. 
It  consists  merely  in  the  introduction  of  some  foreign  ma¬ 
terial,  at  a  constant  and  known  rate,  into  the  stream  which 
is  to  be  measured,  and  determination  of  the  concentration 


of  the  foreign  material  in  the  flowing  stream.  Knowing  the  ! 
rate  of  flow  of  the  diluent  stream  and  the  concentration  of  the 
diluent  in  the  main  stream,  the  rate  of  flow  of  the  main  stream  j 
may  easily  be  calculated. 

This  method  may  be  used  with  negligible  changes  in  exist¬ 
ing  piping,  requires  little  equipment,  and,  if  proper  precau¬ 
tions  are  taken,  is  accurate.  It  has  been  used  from  time  to 
time  for  the  measurement  of  steam,  air,  gas,  and  water,  but 
there  is  no  record  of  its  having  been  used  successfully  for  hot 
oils,  probably  because  there  was  available  no  material  which 
was  known  to  be  satisfactory  for  use  as  a  diluent.  It  was  the 
object  of  the  investigation  here  reported  to  find  such  a  ma¬ 
terial. 

Selection  of  Diluent.  The  major  requirements  of  a 
satisfactory  diluent  for  use  in  measuring  hot-oil  streams  are 
as  follows: 

1.  It  must  be  inexpensive. 

2.  Its  quantitative  determination  must  be  rapid  and  accurate. 

3.  It  must  be  thermally  stable  at  the  temperature  and  pres¬ 
sure  conditions  in  recirculating  hot-oil  streams  of  commercial 
cracking  units. 

4.  It  must  not  react  with  the  material  being  measured. 

5.  It  must  be  a  liquid  at  hot-oil  recirculating  line  conditions. 

6.  It  must  be  readily  soluble  in  the  material  which  it  is  de¬ 
sired  to  measure. 

7.  It  must  be  noncorrosive. 

8.  It  must  not  harm  the  product  from  the  unit. 

Obviously  the  number  of  materials  which  will  satisfactorily 
meet  these  requirements  is  rather  limited.  Preliminary  con¬ 
sideration  was  given  to  a  number  of  classes  of  materials,  in¬ 
cluding  (1)  naphthenic  acids  and  their  soaps,  (2)  stearic  acid 
and  its  soaps,  (3)  natural  fats  and  oils,  (4)  antimony  trichlo¬ 
ride,  (5)  oil-soluble  hydrocarbon  derivatives  of  heavier  metals, 
and  (6)  colloidal  solutions. 

A  brief  consideration  was  sufficient  to  eliminate  some  of 
these  groups  of  compounds  immediately.  Group  6  was  dis¬ 
carded  because  of  the  possible  difficulty  of  obtaining  sufficient 
mixing  to  ensure  a  homogeneous  solution.  Group  5  was 
eliminated  because  of  the  probable  cost  of  such  compounds. 

Of  the  remaining  four  groups,  group  1  appeared  the  most  i 
promising. 

Suitability  of  Naphthenic  Acids 

Naphthenic  acids  are  produced  in  many  refineries  as  a  by¬ 
product  from  the  running  of  naphthene-base  crudes  for  lubri¬ 
cating  oils.  Generally  the  over-all  lubricating  distillate  frac¬ 
tion  from  these  crudes  is  rerun  under  vacuum  over  caustic.  : 
The  bottoms  from  the  vacuum  distillation,  which  contain 
approximately  40  per  cent  of  sodium  naphthenates,  are  treated 
with  66°  Be.  sulfuric  acid  and  the  resulting  naphthenic  acid- 
oil  mixture  is  redistilled  to  produce  various  grades  of  com¬ 
mercial  naphthenic  acids.  Typical  tests  of  two  different 
grades  are  shown  in  Table  I. 

It  was  immediately  apparent  that  naphthenic  acids  meet  a 
number  of  the  requirements  for  a  satisfactory  diluent.  Ob-  ; 
tained  as  a  by-product  of  lubricating  oil  manufacture  they  are 
relatively  inexpensive.  The  literature  indicates  that  they  i 
are  fairly  stable  thermally  although  at  high  temperatures 
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they  decompose  into  hydrocarbons,  acetic  acid,  and  phenols. 
They  satisfy  the  requirement  of  solubility  and  it  did  not  seem 
likely  that  they  would  react  to  an  appreciable  extent  with  the 
oils  to  be  measured  .  Their  introduction  would  not  be  harm¬ 
ful  to  the  products  from  a  cracking  unit,  since  they  would 
either  be  eliminated  in  the  fuel  or  would  be  decomposed  to 
form  principally  hydrocarbons.  Even  assuming  that  naph¬ 
thenic  acids  or  their  decomposition  products  would  be  unde¬ 
sirable  in  special  cases,  they  would  be  present  in  such  small 
concentrations  for  such  a  short  time  that  they  would  have 
a  negligible  effect  on  the  final  product. 

Table  I.  Typical  Tests 


Acid  value,  mg.  of  KOH  per 


gram  of  sample 

Saponification  value,  mg.  of 

139 

93 

KOH  per  gram  of  sample 

144 

94 

Nonsaponifiable,  % 

Viscosity,  Saybolt  Universal 

22 

42 

at  98.89°  C.  (210°  F.) 

96 

121 

Gravity,  "A.  P.  1. 

13.7 

14.4 

Flash 

197.78°  C.  (388°  F.) 

207.22°  C.  (405°  F.) 

Fire 

226.67°  C.  (440°  F.) 

240.56°  C.  (465°  F.) 

Pour 

-6.67°  C.  (20°  F.) 

4.44°  C.  (40°  F.) 

Because  of  the  range  of  molecular  weights  of  these  acids,  a 
fraction  may  be  selected  wThich  will  be  liquid  at  hot-oil  re¬ 
circulating  line  conditions.  A  comparison  of  A.  S.  T.  M.  dis¬ 
tillations  of  a  sample  of  commercial  naphthenic  acid  with  those 
of  representative  recirculating  oil  streams  is  shown  in  Table  II. 

Table  II.  A.  S.  T.  M.  Distillations  of  Naphthenic  Acid  and 
Representative  Recirculating  Stocks 


Naphthenic 

Recirculating  Stocks 

Acid 

A 

B 

C 

D 

E 

I.  B.  P.,  °  F. 

620 

351 

446 

424 

234 

258 

10% 

666 

440 

559 

472 

430 

450 

20% 

674 

460 

608 

30% 

682 

472 

648 

.  .  . 

40% 

686 

489 

681 

50% 

692 

502 

704 

539 

490 

56i 

60% 

702 

620 

Since  the  naphthenic  acids  have  as  high  a  boiling  range  as 
the  recirculating  stocks,  it  is  apparent  that  there  will  be  no 
vaporization  of  this  material  when  introduced  into  a  liquid 
stream  of  the  oil. 

Previous  work  had  shown  that  naphthenic  acids  and  their 
decomposition  products  were  no  more  corrosive  than  normal 
cracking  stocks.  The  corrosion  rates  of  steel  specimens  sus¬ 
pended  in  the  vapor  space  of  the  reaction  chamber  on  a 
laboratory  cracking  unit  were  found  to  be  0.46  cm.  (0.184 
inch)  per  year  with  gas  oil  charge  and  0.358  cm.  (0.143  inch) 
per  year  when  charging  naphthenic  acids,  both  based  on  100 
per  cent  operating  time. 

Since  it  was  not  definitely  known  that  the  concentration 
of  naphthenic  acids  in  dilute  oil  solutions  could  be  deter¬ 
mined  with  sufficient  accuracy  or  that  the  acids  were  entirely 
stable  and  nonreactive  in  the  presence  of  hot  oils,  it  was  neces¬ 
sary  to  investigate  these  items  experimentally. 

Investigation  of  Analytical  Method 

It  was  believed  that  the  concentration  of  naphthenic  acids 
in  oil  could  most  easily  be  established  by  analysis  for  acidity. 
To  determine  whether  the  analysis  could  be  made  with  suf¬ 
ficient  accuracy  with  a  low  concentration  of  acid,  a  blend  of 
2.5  per  cent  naphthenic  acid  in  recirculating  stock  D  was  pre¬ 
pared  and  the  acid  value  determined  by  the  ordinary  method, 
consisting  of  adding  neutralized  alcohol,  heating  the  resulting 
mixture,  and  titrating  with  0.1  N  potassium  hydroxide,  using 
phenolphthalein  indicator.  It  was  found  that  this  method 
was  not  accurate,  since  the  color  of  the  oil  interfered  with  the 
determination  of  the  end  point.  Other  indicators  having  color 
changes  at  about  the  same  pH  value  as  phenolphthalein  were 
|  also  tried  but  with  no  better  success.  Since  these  results 
were  not  encouraging,  it  was  concluded  that  the  determina¬ 
tion  could  be  made  accurately  only  by  separating  the  acid 


from  the  oil.  Accordingly,  several  variations  of  the  usual 
procedure  were  tried  with  varying  degrees  of  success.  The 
following  analytical  procedure  is  the  method  finally  adopted 
for  nonviscous  dark-colored  distillate  oils  of  the  type  found  in 
hot-oil  recirculating  streams: 

A  10-  to  50-gram  sample  is  weighed  into  an  Erlenmeyer  flask. 
The  size  of  sample  used  depends  on  the  percentage  of  naphthenic 
acid  present  and  its  acid  value.  For  2.5  per  cent  of  125  acid  value 
naphthenic  acids  a  15-gram  sample  is  -satisfactory.  Propor¬ 
tionately  larger  samples  are  desirable  for  lower  acid  concentra¬ 
tions.  To  the  sample  are  added  100  ce.  of  neutral  alcohol  and  a 
few  drops  of  phenolphthalein  indicator.  The  solution  is  heated 
to  the  boiling  point  and  the  boiling  continued  for  several  seconds, 
following  which  it  is  titrated  with  0.1  N  potassium  hydroxide. 
When  near  the  end  point  a  small  amount  of  water  is  added  by 
means  of  a  wash  bottle  to  aid  in  separating  the  oil  layer  from  the 
alcohol.  The  titration  is  continued  with  vigorous  shaking  and 
just  enough  water  is  added  after  each  addition  of  potassium  hy¬ 
droxide  to  separate  the  two  layers.  A  faint  pink  color  in  the 
alcohol-water  layer  designates  the  end  point. 

When  analyzing  prepared  samples  containing  1  per  cent  or 
more  of  naphthenic  acid  using  the  above  method,  the  indi¬ 
vidual  determinations  generally  checked  the  calculated  acid 
values  within  1  per  cent.  Occasionally,  however,  the  deter¬ 
mined  acid  values  differed  as  much  as  2  or  3  per  cent  from  the 
calculated  values  and  it  is  therefore  considered  desirable  to 
make  at  least  four  or  five  determinations  and  average  the  re¬ 
sults.  Since  the  analyses  can  be  made  rapidly,  this  is  not 
considered  a  serious  handicap. 

A  comparison  of  determined  with  calculated  acid  values 
for  several  prepared  samples  of  naphthenic  acids  in  recircu¬ 
lating  stocks  is  shown  in  Table  III.  In  each  case  the  deter¬ 
mined  value  is  the  average  of  five  analyses. 


Table  III.  Acid  Values 


Sample 

Naphthenic 

Acids 

Acid  Value 
by  Analysis 

Acid  Value 
Calculated 

Error 

1 

% 

2.7 

3.39 

3.38 

% 

+  0.3 

2 

2.5 

3.14 

3.17 

-0.9 

3 

0.9 

1.19 

1.19 

0.0 

4 

0.7 

0.934 

0.916 

+  2.0 

The  accuracy  of  1  per  cent  or  better  which  can  be  attained 
with  naphthenic  acid  concentrations  of  over  1  per  cent  is  con¬ 
sidered  entirely  adequate  and  the  addition  of  1  to  2  per  cent 
of  naphthenic  acids  to  the  stream  to  be  measured  is  not  con¬ 
sidered  excessive. 

It  is  emphasized  that  the  analytical  method  described  above 
is  applicable  only  to  low-viscosity  distillate  stocks.  This  is 
the  type  of  material  generally  present  in  recirculating  streams 
of  cracking  units  where  the  dilution  method  of  measurement 
will  be  of  greatest  value.  For  viscous  residual  stocks  electro¬ 
metric  titration  gave  good  results.  Although  the  latter 
method  was  not  tried  on  distillates,  it  would  undoubtedly  be 
satisfactory  in  this  case  also  but  has  the  disadvantage  of  re¬ 
quiring  equipment  which  is  not  available  in  all  laboratories. 

Thermal  Stability  of  Naphthenic  Acids 

A  satisfactory  analytical  procedure  having  been  developed, 
the  next  step  was  to  determine  the  stability  of  naphthenic 
acids  at  temperature  and  pressure  conditions  maintained  in 
hot-oil  recirculating  lines  of  commercial  units.  It  is  not  neces¬ 
sary,  of  course,  that  the  diluent  be  absolutely  stable  at  high 
temperature.  The  only  requirement  is  that  it  shall  not 
undergo  an  appreciable  change  between  the  point  of  introduc¬ 
tion  of  the  diluent  into  the  stream  to  be  measured  and  the 
point  of  withdrawal  and  cooling  of  the  sample  of  diluted  oil. 
The  distance  between  points  of  introduction  and  sampling 
may  be  made  as  short  as  desired,  subject  only  to  the  limita¬ 
tion  that  sufficient  distance  must  be  allowed  to  ensure  thor¬ 
ough  mixing  of  the  diluent  with  the  flowing  stream. 
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As  a  basis  for  determining  the  time  during  which  the  dilu¬ 
ent  would  be  subjected  to  high  temperatures  in  plant  opera¬ 
tion,  it  was  assumed  that  fifty  pipe  diameters  distance  be¬ 
tween  the  point  of  injection  of  the  diluent  and  the  point  of 
drawing  the  sample  would  be  necessary  in  order  to  ensure 
thorough  mixing.  This  is  probably  a  greater  distance  than 
necessary,  since  velocities  in  commercial  transfer  lines  are 
usually  high  and  consequently  there  is  considerable  turbu¬ 
lence.  It  is  certain  that  if  an  orifice  is  installed  in  the  line, 
complete  mixing  may  be  obtained  in  very  much  shorter  dis¬ 
tances.  However,  it  was  considered  better  to  assume  too 
great  a  distance  rather  than  too  short  a  one.  On  the  basis  of 
this  assumption  the  diluent  will  seldom  be  subjected  to  high 
temperature  for  more  than  2  seconds. 

The  stability  of  the  naphthenic  acids  under  these  conditions 
was  determined  in  the  laboratory  by  passing  a  stream  of  re¬ 
cycle  gas  oil  through  a  heater,  introducing  a  stream  of  naph¬ 
thenic  acids  at  the  heater  outlet,  and  cooling  and  collecting 
the  combined  streams  after  they  had  been  kept  in  contact 
for  the  desired  length  of  time.  The  rates  of  flow  of  both  the 
gas  oil  and  naphthenic  acids  were  accurately  measured  and 
the  acid  value  of  the  combined  sample  was  determined.  In 
these  runs  only  one  determination  of  the  acid  value  was  made 
on  each  sample.  The  results  obtained  at  various  tempera¬ 
tures  and  times  of  contact  corrected  for  a  blank  determination 
on  the  gas  oil  alone  are  tabulated  in  Table  IV. 


Table  IV.  Stability  of  Naphthenic  Acid 


Heater  Outlet 

Pressure 

Time  of 
Contact 

Naphthenic  Acid  in  Produ 
Calcd.  By  analysis 

°  C. 

0  F. 

Lb./sq.  in. 

Sec. 

% 

% 

426.67 

800 

400 

1.74 

1.23 

1.24 

465.56 

870 

400 

2.51 

1.47 

1.45 

465.56 

870 

400 

10.00 

1.40 

1.42 

465.56 

870 

400 

17.50 

2.53 

2.49 

It  is  apparent  from  these  data  that  naphthenic  acids  or  at 
any  rate  the  acid  radical  of  the  naphthenic  acids  is  sufficiently 
stable  at  hot-oil  recirculating  line  conditions  to  permit  its 
use. 

Coking  Tendencies 

The  possibility  of  coking  tendencies  of  the  naphthenic  acids 
should  be  considered  when  the  method  is  used  on  superclean 
recirculating  streams.  In  view  of  the  small  quantity  of  dilu¬ 
ent  involved  and  the  short  time  during  which  it  would  be  in¬ 
troduced,  it  is  not  probable  that  it  would  noticeably  acceler¬ 
ate  coking  of  the  heaters.  If  difficulty  with  coking  is  experi¬ 
enced  naphthenic  acids  of  higher  acid  value  may  be  used. 
Naphthenic  acids  of  higher  acid  value  should  have  less  tend¬ 
ency  to  cause  coking,  because  of  a  lower  distillation  range 
and  also  because  the  amount  required  for  an  accurate  meas¬ 
urement  of  oil  rate  would  be  less. 

Plant-Scale  Test 

As  a  further  check  on  the  dilution  method  using  naphthenic 
acids  as  the  diluent,  several  test  runs  were  made  on  a  com¬ 
mercial  cracking  unit  comparing  fresh  charge  rates  deter¬ 
mined  by  the  dilution  method  with  tank  gagings.  It  was 
not  possible  to  check  the  method  on  a  hot-oil  recirculating 
stream  since,  as  pointed  out  earlier,  this  would  have  required 
cooling  and  reheating  of  the  stream  to  permit  gaging.  How¬ 
ever,  since  the  stability  of  naphthenic  acids  at  high  tempera¬ 
tures  had  already  been  established,  it  was  believed  that  the 
test  runs  on  the  cold-oil  streams  would  be  adequate  to  estab¬ 
lish  the  usefulness  of  the  method. 

The  charge  stock  in  these  tests  was  a  viscous  reduced  crude 
which  necessitated  using  the  electrometric  method  of  titra¬ 
tion  for  determination  of  acid  value  of  the  mixed  stream. 
The  naphthenic  acids  were  injected  into  the  charge  line  at  a 


constant  rate  with  a  small  chemical  proportioning  pump,  and 
the  rate  of  injection  was  determined  by  measurements  on  a 
small  calibrated  tank  using  a  hook  gage.  The  diluent  was 
introduced  into  the  charge  pump  suction  line  and  the  mixed 
stream  was  sampled  in  the  pump  discharge  line.  Samples 
were  taken  at  equal  intervals  over  a  30-  to  40-minute  period 
and  were  composited  for  analysis.  Two  tests  were  made  at 
different  times,  one  with  a  diluent  rate  equal  to  2.7  per  cent 
of  the  charge  rate,  the  other  with  a  diluent  rate  which  was  4.3 
per  cent  of  the  charge  rate.  The  charge  rates  calculated  from 
these  tests  were  101.6  and  102.3  barrels  per  hour,  respectively, 
compared  with  103.3  barrels  per  hour  determined  by  tank 
gaging  for  both  periods.  This  agreement  is  considered  en¬ 
tirely  satisfactory. 

Conclusions 

The  results  of  this  investigation  indicate  that  naphthenic 
acids  will  fulfill  all  the  requirements  for  a  satisfactory  diluent 
in  measuring  the  rates  of  flow  of  hot-oil  streams  by  the  dilu¬ 
tion  method.  It  is  noncorrosive,  and  will  not  injure  the  prod¬ 
ucts  from  the  equipment.  It  is  sufficiently  stable  at  the 
conditions  encountered  and  its  concentration  may  be  deter¬ 
mined  with  satisfactory  accuracy  and  rapidity.  As  pointed 
out  above,  the  dilution  method  is  not  intended  for  continu¬ 
ous  use  but  only  for  short  tests  or  calibrations.  Under  these 
conditions  the  cost  of  the  naphthenic  acid  for  use  as  the  diluent 
should  be  moderate.  For  example,  using  a  diluent  concentra¬ 
tion  of  1  per  cent,  a  20-minute  check  could  be  made  on  a 
transfer  line  handling  300  barrels  of  oil  per  hour,  with  a  con¬ 
sumption  of  only  one  barrel  of  naphthenic  acid. 

The  cost  of  the  necessary  equipment  is  also  moderate. 
The  only  changes  to  existing  piping  required  are  the  installa¬ 
tion  of  connections  for  injection  of  the  diluent  and  for  with¬ 
drawal  of  the  sample.  These  two  connections  should  be  sepa¬ 
rated  by  a  distance  sufficient  to  ensure  thorough  mixing  of 
the  diluent,  but  should  not  be  far  enough  apart  to  subject  the 
naphthenic  acid  to  high  temperature  for  an  excessive  length 
of  time.  Equipment  is  also  required  for  measuring  and  in¬ 
jecting  the  naphthenic  acid.  An  accurately  calibrated  charge 
drum  and  a  proportioning  pump  are  entirely  suitable. 

The  dilution  method  of  measurement  using  naphthenic  acids 
has  been  used  on  a  commercial  cracking  unit  and  appears  to 
be  a  simple  and  accurate  test  procedure  for  the  determination 
of  hot-oil  flow  rate. 
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Determinations  of  plastic  properties  of 
bituminous  coking  coals  by  revised  Davis 
plastometer,  Agde-Damm,  and  Layng-Ha- 
thorne  test  methods  show  closer  correlation 
of  data  than  has  been  obtained  heretofore. 

It  is  shown  that  definite  form  of  apparatus 
and  procedure  of  test  are  important  govern¬ 
ing  factors  in  this  better  duplicability  of 
results. 

The  comparative  merits  and  limitations 
of  data  from  each  revised  method  are  dis¬ 
cussed.  It  is  concluded  that  the  most  com¬ 
plete  and  reliable  information  upon  the 
plastic  properties  of  bituminous  coking 
coals  is  given  by  the  modified  Agde-Damm 
test  for  the  preplastic  range  and  by  the 
modified  Davis  plastometer  for  the  plastic 
range.  The  modified  Layng-Hathorne  test, 
while  showing  some  improvement  over  the 
older  procedure,  is  less  satisfactory  because 
of  uncontrollable  variables. 

Plasticity  data  from  the  revised  Agde- 
Damm  and  plastometer  tests  enable  a  fairly 
reliable  prediction  of  the  strength  of  a 
coke  to  be  expected  from  the  carbonization 
of  a  bituminous  coking  coal. 

BITUMINOUS  coking  coals,  when  heated  at  a  moderate 
rate  in  the  absence  of  air,  undergo  complex  and  con¬ 
tinuous  changes  in  chemical  composition  and  physical  char¬ 
acter.  During  carbonization,  most  bituminous  coals,  except 
those  bordering  on  the  lignites  and  semianthracites,  show 
evidence  of  softening,  coalescence,  swelling,  fluidity,  and 
finally  hardening  of  the  coal  substance.  There  are  marked 
distinctions  in  the  degree  to  which  each  of  these  plastic  char¬ 
acteristics  is  shown  by  different  bituminous  coking  coals. 
Even  for  a  given  coal,  the  magnitude  of  these  observations  is 
affected  greatly  by  the  particular  conditions  under  which  such 
properties  are  determined.  Moreover,  complete  interpreta¬ 
tion  of  observed  plasticity  data  is  complicated  by  the  transient 
character  of  the  chemical  and  physical  changes  involved. 
Direct  applications  of  plasticity  data  as  absolute  indices  of 
the  behavior  of  a  coal  in  gasification,  in  coke-making,  or  in 
■  combustion  are,  therefore,  made  difficult.  The  aggregate  in¬ 
formation  gained  from  laboratory  tests,  however,  when  cer¬ 
tain  related  temperature,  pressure,  and  expansion  (or  con¬ 
traction)  data  are  combined  and  suitably  weighed,  furnishes  a 
valuable  guide  for  more  complete  interpretations  of  the  prob¬ 
able  nature  of  the  mechanisms  of  softening,  fusion,  coales¬ 
cence,  solidification,  and  accompanying  phenomena. 

In  the  Bureau  of  Mines  survey  of  the  gas-  and  coke-making 
properties  of  coal  the  plastic  properties  of  bituminous  coals 
have  been  determined  from  measurements  of  viscosity,  of  ex¬ 
pansion  and  contraction,  and  of  resistance  to  flow  of  an  inert 


gas,  observed  during  the  heating  of  the  coal  charge  under  con¬ 
trolled  conditions.  The  literature  is  replete  with  references 
to  and  publications  upon  methods  of  measuring  the  plastic 
properties  of  bituminous  coals.  No  attempt  will  be  made 
here  to  give  a  complete  bibliography.  Original  publications 
upon  the  better-known  test  methods,  some  later  important 
applications  of  these  and  modified  procedures  for  measuring 
plasticity  and  related  properties  of  coals,  and  certain  inter¬ 
pretations  of  the  significance  of  plasticity  characteristics  in 
explaining  the  behavior  of  a  coal  on  heating  have  appeared 
(1,  4-9,  16-26).  It  seems  desirable  here  to  deviate  from  the 
usual  orthodox  classifications  of  test  methods  according  to 
the  type  of  apparatus  employed  or  the  names  of  the  investiga¬ 
tors  and  follow  instead  a  classification  based  upon  the  proper¬ 
ties  of  the  coal. 

Methods  for  Measuring  Plastic  Properties  of  Coals 

Penetrometer  instruments  in  which  a  needle  moves  verti¬ 
cally  or  laterally  through  the  heated  coal  mass,  apparatus 
measuring  resistance  to  shear  caused  by  movement  of  a  stir¬ 
ring  device  within  the  coal,  and  extrusion  instruments  depend 
on  changes  in  viscosity  to  characterize  the  plastic  properties 
of  coal.  Dilatometer  methods,  which  measure  the  linear  ex¬ 
pansion  or  contraction  of  a  test  sample,  frequently  under  a 
known  load,  have  been  widely  used  to  define  the  plastic  prop¬ 
erties  from  swelling  and  softening  observations  on  the  heated 
coal.  The  gas-flow  principle,  which  depends  on  variations  in 
the  void  spaces  of  the  test  sample  during  heating  through  the 
plastic  stage,  has  also  been  widely  applied. 

The  principles  of  the  three  distinct  methods  just  cited  for 
measuring  the  plastic  properties  of  bituminous  coals  have  been 
extensively  applied  in  the  Davis  plastometer,  Agde-Damm, 
and  Layng-Hathorne  test  methods,  respectively.  These 
methods  with  some  changes  in  the  two  latter  tests  (11,  12) 
were  used  in  the  Bureau  of. Mines  laboratory  on  the  first 
thirty-two  coals  (11,  13,  15)  tested  in  the  Bureau  of  Mines- 
American  Gas  Association  survey  of  American  coals.  Com¬ 
parison  of  the  plasticity  temperature  and  pressure  data 
found  on  these  coals  frequently  showed  poor  correlation  be¬ 
tween  these  test  methods  on  certain  coals.  The  objects  of 
the  present  study  Were  to  determine  as  far  as  possible  the  rea¬ 
sons  for  this  lack  of  agreement,  to  revise  the  operating  technic 
in  each  test  so  as  to  obtain  better  correlation  of  data,  and  to 
apply  the  new  data  in  a  practical  prediction  of  coke  quality. 
The  three  test  methods  as  now  employed  in  the  Bureau  of 
Mines  laboratory  are  described  below. 

Modified  Davis  Plastometer  Test.  This  test  method 
as  now  used  makes  a  continuous  measurement  of  the  viscosity 
of  the  coal  while  it  is  heated  through  the  plastic  state.  Figure 
1  shows  a  vertical  section  through  the  instrument. 

The  technic  now  used  in  making  a  test  is  to  charge  18  grams  of 
0-  to  20-mesh  coal  into  the  retort,  which  is  then  assembled  by 
screwing  in  place  the  head  containing  the  thermocouple  well. 
The  retort  is  placed  in  the  furnace  and  rotated  continuously  at 
constant  speed  (2  r.  p.  m.)  by  means  of  a  motor-driven  chain 
attached  to  the  sprocket  on  the  outer  shaft.  The  resistance,  or 
torque,  necessary  to  prevent  rotation  of  the  inner  shaft,  caused 
by  the  coal  charge  moving  against  the  rabble  arms,  is  measured 
by  the  position  of  the  indicating  dial.  The  scale  is  calibrated 
in  kilogram-centimeters  (inch-pounds,  or  more  properly,  pound- 
inches)  directly  with  weights.  Free  rotation  of  the  dial  is  pre- 
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vented  by  means  of  tension  springs  not  shown  in  Figure  1.  The 
coal  charge  is  heated  at  a  rate  of  4.8°  =*=  0.2°  C.  per  minute. 
Temperatures  and  resistances  are  observed  and  recorded  at  2-  to 
5-minute  intervals  within  the  plastic  temperature  range.  “True” 
temperatures  of  the  coal  are  obtained  by  adding  experimentally 
predetermined  corrections  found  from  temperature  measure¬ 
ments  taken  in  the  center  of  the  retort  to  those  temperatures 
observed  regularly  in  the  thermocouple  well. 

When  the  temperature  reaches  the  plastic  range,  the  coal 
sample  becomes  viscous,  and  resistance  to  rotation  develops 
rapidly.  With  higher  temperatures  the  resistance  usually 
decreases  because  the  coal  becomes  more  fluid.  As  the  heat¬ 
ing  is  continued  further,  chemical  changes  in  the  coal  cause 
it  to  become  more  and  more  viscous  and  finally  to  solidify. 
When  solidification  occurs  the  coke  formed  is  quickly  broken 
up  and  resistance  to  rotation  practically  ceases,  thus  indicat¬ 
ing  the  end  of  the  plastic  range. 

Modified  Agde-Damm  Test.  This  “expansion  test”  in¬ 
dicates  the  plastic  properties  of  a  coal  by  measuring  the  linear 
expansion  and  contraction  which  a  small  cylindrical  briquet 
of  coal  undergoes  while  being  heated  to  500°  C.  Figure  2 
shows  a  vertical  section  of  the  assembled  apparatus  ready  for 
the  test. 

Two  coal  briquets  are  formed  by  compressing  0.7-gram  samples 
of  0-  to  60-mesh  coal  in  7.6-cm.  glass  test  tubes  of  0.8-cm.  bore  at 
10.3  kg.  per  sq.  cm.  (146  lb.  per  sq.  inch).  The  lengths  of  the 
finished  briquets  (approximately  1.8  cm.)  are  then  carefully 
measured  and  the  tubes  inserted  in  the  1.1-cm.  holes  of  the 
copper  heating  block.  One  briquet  is  allowed  to  expand  freely 
during  the  test.  The  second  briquet  supports  a  total  weight  of 
500  grams,  represented  by  the  assembly  shown  in  Figure  2.  The 
micrometer  distance  gage  is  set  arbitrarily  to  register  the  meas¬ 
ured  length  of  this  coal  column.  The  changes  in  length  of  the 
column  during  a  test  are  indicated  directly  by  the  gage  readings. 

The  coal  charge  is  heated  at  a  rate  of  4.8°  =t=  0.2°  C.  per  minute. 
Temperatures  are  measured  by  thermocouples  in  the  hollow-rod 
plunger  and  copper  block.  Gage  and  temperature  readings  are 
taken  and  recorded  at  5-minute  intervals  up  to  270°  C.  and  at  2- 
minute  intervals  thereafter,  until  the  end  of  the  run  at  500°  C. 
It  is  usually  advisable  to  take  additional  readings  at  1-minute 
intervals  near  the  critical  temperature  points  (where  the  change 
on  the  distance  gage  is  from  contraction  to  expansion,  or  vice 
versa)  and  elsewhere  in  the  test  where  the  rate  of  gage  movement 
is  rapid.  A  small  electric  buzzer  is  used  to  tap  the  gage  before 
each  reading,  except  when  the  rate  of  change  is  quite  rapid. 

Two  predetermined  sets  of  corrections  are  applied  to  elimi¬ 
nate  the  effect  of  the  thermal  expansion  of  the  instrument  and 
to  obtain  the  “true”  coal  temperatures.  Corrections  for  the 
thermal  expansion  of  the  instrument  from  room  temperature 


Figure  2.  Modified  Agde-Damm  Apparatus 


NOVEMBER  15,  1936 


ANALYTICAL  EDITION 


445 


Table  I.  Summary  of  Plastic  Range  Tests 
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37 
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34 
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31 

23 
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Slight  intermittent  resistance 

36 
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to  500°  C.  were  predetermined  from  gage  readings  in  blank 
runs  in  which  a  cylindrical  block  of  quartz  was  substituted  for 
a  coal  briquet  of  like  dimensions.  These  readings  are  sub¬ 
tracted  from  gage  readings  at  corresponding  temperatures 
observed  in  regular  tests.  Temperature  measurements  made 
in  the  center  of  the  coal  charge  in  separate  runs  gave  data  to 
correct  the  lower  plunger  and  higher  block  temperatures  regu¬ 
larly  observed  in  test  runs. 

When  the  charge  of  coal  reaches  a  temperature  of  about 
i  300°  C.,  the  individual  particles  soften  and  rather  rapid  con¬ 
traction  takes  place.  As  the  temperature  rises,  this  contrac¬ 
tion  continues  with  increasing  rate  to  the  point  of  initial  rapid 
expansion  at  which  a  very  sharp  change  in  direction  of  the  ex¬ 
pansion-temperature  curve  is  noted.  Shortly  after  rapid  ex¬ 
pansion  occurs,  the  coal  with  continued  heating  frequently 
becomes  so  fluid  that  it  will  no  longer  support  the  weight  of 
the  plunger,  which  may  sometimes  even  sink  to  the  bottom  of 
the  test  tube.  Upon  completion  of  the  test  at  500°  C.,  the 
free  expansion  sample  is  removed  from  the  furnace,  allowed 
to  cool,  and  its  length  again  measured.  The  net  linear  change 
during  the  test  is  expressed  as  the  “swelling  coefficient.” 
The  significance  of  the  expansion  and  contraction  character¬ 
istics  shown  by  the  coal  under  these  test  conditions  will  be 
pointed  out  in  the  discussion  of  results. 

Modified  Layng-Hathorne  Test.  A  detailed  descrip¬ 
tion  of  the  apparatus  and  general  operating  technic  have  been 
given  in  an  earlier  publication  {12).  The  procedure  has  been 
modified  to  use  a  3-cm.  column  of  0-  to  20-mesh  coal,  sup¬ 
ported  in  the  electric  furnace  and  heated  under  controlled 
rates  as  previously  described  {12).  Pressures  in  the  appara¬ 
tus  necessary  to  force  a  stream  of  purified  nitrogen  at  20  cc. 
per  minute  through  the  charge  and  corresponding  tempera¬ 
tures  at  the  wall  of  the  glass  tube  opposite  the  center  of  the 
charge  are  read  and  recorded  at  2-  to  5-minute  intervals  dur¬ 
ing  the  test.  Predetermined  corrections  found  from  tempera¬ 
ture  measurements  taken  in  the  center  of  the  coal  charge  are 
subtracted  from  the  observed  temperatures  to  obtain  the 
“true”  coal  temperatures.  When  the  temperature  is  reached 
at  which  the  coal  softens,  the  resistance  to  gas  flow  increases 
markedly  until  a  maximum  is  reached.  The  resistance  then 

(drops  to  approximately  its  initial  value.  The  significance  of 
the  resistance-temperature  curve  obtained  in  this  manner  is 
discussed  below. 


Coals  Tested 

The  bituminous  coals  tested  in  this  investigation  are  cur¬ 
rent  coals  under  study  in  the  B.  M.-A.  G.  A.  survey  of  Ameri¬ 
can  coals.  For  ready  comparison  of  the  plasticity  data  with 
the  gas-,  coke-,  and  by-product-making  properties  of  these 
coals,  as  published  {14),  or  to  be  published,  the  coals  have  been 
assigned  the  same  numbers.  Table  I  gives  the  coal  number, 
the  name  of  the  coal  bed,  the  per  cent  of  dry,  mineral-matter- 
free  fixed  carbon  designating  rank  {2),  and  plasticity  data  by 
the  three  revised  test  methods.  The  recorded  plasticity  data 
represent  averages  of  repeat  tests  (two  or  more)  by  each 
method  upon  each  coal.  Coals  28  and  23  used  in  blending 
coals  33  and  36  were  second  lots  of  coals  28  and  23  used  earlier 
in  the  survey  {11).  Shortage  of  sample  of  coal  28  prevented 
plasticity  determinations  by  the  plastometer  and  gas-flow 
methods.  Except  for  coals  23  and  41,  the  coals  and  their 
blends  are  all  of  high-volatile  A  rank. 

Discussion  of  Results 

A  study  of  the  data  summarized  in  Table  I  obtained  by  the 
three  revised  test  methods  shows,  in  general,  much  closer  agree¬ 
ment  on  a  given  coal  than  was  found  by  these  methods  as 
previously  employed.  The  better  checks  are  partly  due  to  the 
correction  of  temperature  data  to  obtain  the  “true”  tempera¬ 
ture  of  the  test  samples.  The  previous  objections  to  the  ne¬ 
cessity  for  preparation  of  a  special  0-  to  100-mesh  coal  sample 
for  the  Agde-Damm  test  and  the  use  of  sized  fractions  of  20- 
to  40-mesh  coal  and  coal-electrode  carbon  mixture  for  the 
Davis  and  Layng-Hathorne  methods,  respectively,  have  been 
eliminated  by  the  use  of  representative  0-  to  60-  and  0-  to  20- 
mesh  coal  samples.  Slower  rotation  of  the  Davis  retort 
gives  results  in  accordance  with  the  known  fact  that  fluidity 
of  a  coal  must  result  before  pronounced  coke  formation  oc¬ 
curs.  The  changed  procedure — i.  e.,  using  a  3-cm.  column 
of  0-  to  20-mesh  coal  without  electrode  carbon — in  the  revised 
Layng-Hathorne  test  gives  somewhat  better  correlation  of 
data  with  that  found  by  the  other  two  test  methods.  The 
values  of  the  maximum  resistances  developed,  however,  in 
successive  tests  by  this  method  are  still  not  closely  duplicable 
and  the  temperature-pressure  relationships  are  not  as  sharply 
defined  as  those  shown  by  the  other  two  tests. 

In  general,  the  Davis  plastometer  gives  much  more  com- 
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Figure  3.  Plastic  Properties  of  Blend  of  70  Per  Cent  Alma  and  30  Per 

Cent  Pocahontas  Coals 


plete  information  in  the  plastic  range.  Minor  limitations  of 
this  method  lie  in  the  difficulties  of  determining  accurately 
small  changes  during  the  period  of  greatest  fluidity  and  ex¬ 
tremely  high  resistances,  above  63.4  kg.-cm.  (55  inch-pounds) 
shown  by  certain  coals.  The  critical  temperature  points  for 
such  coals  in  the  present  work  were  checked  by  a  smaller,  two- 
rabble-arm  retort.  Extrapolation  of  temperature-resistance 
curves  constructed  from  data  by  the  four-rabble-arm  instru¬ 
ment  showed  excellent  agreement  in  every  instance  with  that 
predicted  from  test  data  by  the  two-rabble-arm  instrument. 
It  is  hoped  that  a  stronger  drive  now  planned  for  the  four- 
rabble-arm  retort  will  eliminate  its  present  minor  limitations. 

Reference  to  the  data  in  Table  I  shows  that  the  Agde- 
Damm  test  gives  an  indication  of  softening  (initial  contrac¬ 
tion  temperature)  at  a  temperature  considerably  lower  than 
any  observed  plasticity  shown  by  the  other  two  test  methods. 
Proof  that  softening  and  incipient  fusion  do  occur  in  coal  at 
temperatures  considerably  below  the  initial  expansion  tem¬ 
peratures  has  been  given  by  Thiessen  and  Sprunk  (27).  The 
temperature  at  which  rapid  contraction  is  observed  in  the 
Agde-Damm  test  is  interpreted  at  that  point  where  the  coal 
particles  begin  to  soften  appreciably  and  the  pressure  of  the 
plunger  presses  coal  into  the  void  spaces  of  the  charge. 

Table  I  illustrates  the  very  close  agreement  between  “the 
temperature  of  initial  expansion”  in  the  Agde-Damm  appara¬ 
tus  and  the  temperature  where  resistance  de¬ 
velops  in  the  plastometer.  As  was  pointed  out 
by  Audibert  and  Delmas  (3),  the  swelling  or 
intumescence,  as  observed  here  in  the  Agde- 
Damm  test,  is  caused  by  imprisoned  gas  bubbles 
and  occurs  after  individual  coal  particles  fuse 
together  and  impede  the  escape  of  gas.  It  is  also 
this  fusing  together  of  the  coal  particles  that 
gives  rise  to  the  initial  resistance  to  stirring  ob¬ 
served  in  the  plastometer  test.  This  has  been 
demonstrated  by  stopping  a  plastometer  test 
5°  C.  below  the  point  at  which  initial  resistance 
develops,  quenching  the  retort  to  room  tempera¬ 
ture,  and  removing  the  coal  charge.  It  was 
found  that  only  a  very  slight  or  incipient  state 
of  fusion  had  resulted  in  the  coal.  However, 
when  the  test  was  continued  until  10°  C.  above 
the  initial  resistance  temperature,  the  coal  had 
completely  fused. 

With  the  foregoing  generalizations  in  mind,  a 
more  complete  picture  of  the  plastic  character¬ 
istics  of  the  fifteen  coals  would  be  gained  by 
detailed  studies  of  their  temperature-pressure 


plasticity  curves.  Lack  of  space,  however, 
prevents  graphic  representation  of  all  the  data. 
The  characteristic  features  of  the  temperature- 
pressure  relationships  are,  therefore,  presented 
for  three  typical  coals.  Figures  3,  4,  and  5 
are  for  coals  38,  40,  and  41,  respectively. 

Inspection  of  the  curves  shows  that  shortly 
after  the  initial  rapid  expansion  temperature 
is  reached  in  the  Agde-Damm  test,  a  sudden 
change  from  expansion  to  apparent  contrac¬ 
tion  of  the  coal  charge  is  frequently  noted. 
This  reversal  takes  place  at  a  temperature  ap- 
proximating  that  of  maximum  fluidity  as 
observed  with  the  plastometer  and  is  charac¬ 
teristic  of  all  coals  showing  an  appreciable 
degree  of  fluidity,  as  in  the  case  of  coals 
38  and  40.  This  sudden  contraction  is  due, 
in  part,  to  a  portion  of  the  coal  working 
out  around  the  plunger,  thus  leaving  less 
supporting  coal  substance.  Occasionally,  a 
second  slight  expansion,  aided  possibly  in 
part  by  further  action  of  the  fluxing  material,  is  observed. 
Because  of  the  many  uncontrollable  variables  affecting  the 
movement  of  the  plunger  after  the  temperature  of  initial 
rapid  expansion,  it  is  evident  that  much  significance  cannot 
be  attached  to  this  frequently  designated  “final  expansion 
temperature”  of  the  Agde-Damm  test  except,  perhaps,  for  a 
few  less  fusible  coals. 

The  plastometer  curves  show  that  when  fusion  of  the  coal 
takes  place  the  resistance  to  stirring  increases  sharply  for  a 
short  time  and  then  decreases  as  the  zone  of  high  fluidity  is 
approached.  Apparently,  this  initial  rise  and  fall  of  the  re¬ 
sistance  always  occur  to  a  greater  or  less  degree.  The  only 
explanation  the  authors  can  offer  for  this  at  present  is  that 
evidently  the  coal  when  first  fused  is  sticky  and  contains  con¬ 
siderable  solid  material  which  imparts  a  high  viscosity  to  the 
mass;  then  when  melting  becomes  more  complete,  the  vis¬ 
cosity  is  lowered.  Following  this  initial  hump  portion  of  the 
curve,  a  range  of  high  fluidity  is  next  observed.  This  may  be 
defined  as  the  distance  between  the  new  appearance  of  low  re¬ 
sistance  and  the  change  to  increasing  marked  resistance 
caused  by  the  beginning  of  solidification.  This  range  of  high 
fluidity  is  related  to  the  character  of  the  cokes  produced,  as 
shown  below. 

The  plastometer  curve  for  coal  38  is  unique  in  the  fact  that 
there  are  two  distinct  maximum  points  near  the  end  of  the 


Figure  4.  Plastic  Properties  of  Lower  Cedar  Grove  Coal 


Figure  5.  Plastic  Properties  of  Beckley  Coal 

plastic  range.  This  coal  consists  of  a  blend  and  evidently 
each  coal  in  the  blend  forms  coke  more  or  less  separately. 
From  the  limited  information  available  at  the  present  time  it 
is  thought  that  these  two  solidification  points  indicate  a  weak¬ 
ening  of  the  coke  structure  due  to  the  wide  difference  in  the 
properties  of  the  coals  used  in  this  blend.  It  is  well  known 
that  the  strength  of  a  coke  from  a  blend  is  dependent  upon 
the  character  of  the  entering  coals.  Weak  cokes  may  result, 
however,  from  blends  showing  only  one  solidification  point. 

The  Layng-Hathorne  curves  show  that  pressure  usually 
starts  to  develop  in  this  test  at  temperatures  somewhat  below 
the  point  at  which  fusion  is  indicated  by  the  other  instruments. 
Furthermore,  the  point  of  maximum  resistance  in  this  test 
may  occur  approximately  where  the  coal  is  most  fluid,  as 
shown  by  coals  38  and  40,  or  may  occur  elsewhere,  as  in  coal 
41.  A  study  of  the  factors  influencing  the  Layng-Hathorne 
test  showed  that  both  the  magnitude  of  the  maximum  pres¬ 
sure  developed  and  the  temperature  at  which  this  occurs  are 
greatly  affected  by  uncontrollable  variables  in  the  method. 
From  a  study  of  a  large  number  of  Layng-Hathorne  curves 
the  authors  believe  that  the  test  is  not  capable  of  giving  any 
reliable  information  which  is  not  given  to  a  fuller  extent  by  the 
other  tests. 

Correlation  of  Plastic  Properties  of  Coals  with 
Quality  of  Coke  Produced 

Table  II  and  Figure  6  show  certain  general  relations  be¬ 
tween  plasticity  data  on  eleven  of  the  coals  and  the  strength 
of  their  cokes.  The  coals  have  been  arranged  in  the  table  in 
the  order  of  increasing  average  cumulative  percentages  of 
their  45.7-cm.  (18-inch)  retort,  900°  C.  cokes  retained  on  a 
3.81-cm.  (1.5-inch)  screen  in  the  shatter  test  and  on  a  2.54- 
cm.  (1-inch)  screen  in  the  tumbler  test.  These  averages  for 
the  shatter-tumbler  tests  will,  hereafter,  be  referred  to  as  the 
“shatter-tumbler  indices.”  Because  of  lack  of  numerical 
data  for  the  plastic  properties  of  the  slightly  fusing  and  non¬ 
fusing  coals  34,  23,  and  33  and  for  coal  28  used  for  blending, 
these  coals  were  omitted  from  Table  II.  The  relation  of 
plastic  properties  of  these  coals  to  the  strength  of  their  cokes 
will  be  discussed  in  connection  with  coals  35,  36,  37,  and  38. 

A  study  of  the  data  in  Table  II,  graphically  presented  in 
Figure  6,  shows  the  following  general  relations:  The  coke 
strength  increases  with  (1)  decrease  in  the  contraction  inter- 
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val  temperature  range  (the  difference  be¬ 
tween  initial  expansion  and  initial  con¬ 
traction  temperatures  obtained  by  the 
modified  Agde-Damm  test);  (2)  decrease 
in  the  plastometer  plastic  range;  and  (3) 
decrease  in  length  of  the  plastometer  high 
fluidity  temperature  range.  The  first  two 
of  these  general  relationships  were  pointed 
out  by  Davis  and  co-workers  (10)  who 
suggested  that  “a  long  contraction  interval 
connotes  poor  coking  power”  and  that 
“both  high-rank,  strongly  coking  coals  and 
low-rank,  weakly  coking  coals  have  short 
plastic  ranges  and  that  the  ranges  of  coals 
lying  in  between  tend  to  increase  with 
coking  power.”  The  present  paper  does 
not  include  a  sufficiently  large  number  of 
high-rank  and  low-rank  coking  coals  to 
prove  conclusively  this  second  relation¬ 
ship.  The  evidence  in  Table  II  and  Fig¬ 
ure  6,  taken  in  conjunction  with  the  follow¬ 
ing  discussion  of  coals  33,  28,  34,  and  23, 
however,  strongly  supports  the  statement 
that  the  strength  of  the  coke  produced  in¬ 
creases  with  decrease  in  the  length  of  the 
plastic  range  as  determined  by  the  plastome¬ 
ter.  The  relative  ranks  of  the  fifteen  coals  may  be  obtained 
by  comparing  their  percentage  of  dry,  mineral-matter-free 
fixed  carbon  recorded  in  Table  I. 


It  will  be  seen  that  coal  33  is  a  low-ranking  high- volatile  A  coal. 
When  blended  with  70  per  cent  of  coal  28  (a  high-ranking  high- 
volatile  A  coal)  it  should  give  in  coal  35  a  coal  capable  of 
producing  a  stronger  coke.  This  was  found  to  be  the  case. 
Coal  33  has  a  “shatter-tumbler  index”  of  47.25,  while  coal  35 
shows  64.25.  Likewise,  a  stronger  coke  should  be  produced  from 
coal  34  (a  blend  of  70  per  cent  of  coal  33  and  30  per  cent  of  coal  23, 
a  high-ranking  low-volatile  coal)  than  from  coal  33  alone.  The 
“shatter-tumbler  index”  on  coal  34  is  65.7.  Coal  36  and  its 
blends,  coal  37  (a  blend  of  80  per  cent  of  coal  36  and  20  per  cent  of 
coal  23),  and  coal  38  (a  blend  of  70  per  cent  of  coal  36  and  30 
per  cent  of  coal  23)  show  some  interesting  relations.  The  re¬ 
spective  “shatter-tumbler  indices”  are  56.85,  69.2,  and  64.3. 

At  first  thought  one  might  expect  that  the  coke  from  coal  38 
would  be  stronger  than  that  from  coal  37.  More  complete  study 
of  the  data  in  Tables  I  and  II,  however,  shows  coal  23  to  have  (1) 
a  dry,  mineral-matter-free  fixed-carbon  content  of  84.2  per  cent 
(near  the  upper  limit  for  bituminous  coals),  (2)  an  extremely 
high  “initial  contraction  temperature”  and  no  “initial  expansion 
temperature”  under  500°  C.  by  the  Agde-Damm  test,  and  (3) 
nearly  negligible  resistance  by  the  Davis  plastometer.  Refer¬ 
ence  to  the  Davis  plastometer  temperature-resistance  curve  for 
coal  38,  Figure  3,  illustrates  rather  strikingly  that  one  may 
here  be  dealing  with  what  amounts  to  two  quite  different  coals 
instead  of  a  homogeneous  blend.  The  two  definite  maximum 
resistances  30.0  and  39.2  kg.-cm.  (26  and  34  inch-pound)  at  465° 
and  485°  C.,  respectively,  and  the  character  of  the  curve  be¬ 
tween  these  points  suggest  that,  during  coke  formation,  coal  36 


Table  II.  Relations  of  Plasticity  Data  to  Coke  Strength 


Coke  Tests,  45.7-Cm.  Retort, 

Modified 

Cumulative  %  at 

900°  C. 

Damm, 

Modified  Davis 

Shatter- 

Initial 

Plastometer 

tumbler 

Con¬ 

High 

Coal 
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Tumbler 

indices, 

traction 

Plastic  fluidity 

No. 
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average 
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range 

range 

°  C. 

°  C. 

°  C. 

36 

60.3 

53.4 

56.85 

97 

87 

19 

39 

70.7 

49.1 

59.9 

97 

84 

15 

39A 

71.0 

56.4 

63.7 

87 

72 

14 

35 

70.5 

58.0 

64.25 

83 

72 

12 

38 

68.8 

59.8 

64.3 

79 

73 

12 

40 

71.6 

57.2 

64.4 

79 

63 

11 

37 

75.7 

62.7 

69.2 

84 

74 

7 

39B 

79.6 

60.3 

69.95 

78 

71 

6 

40B 

76.3 

64.0 

70.15 

70 

73 

4 

40A 

77.3 

63.7 

70.5 

75 

69 

3 

41 

82.1 

66.7 

74.4 

44 

68 

1 
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Figure  6.  Relation  of  Plastic  Property  Temperature 
Characteristics  of  Coal  to  Strength  of  Coke 


had  almost  completely  coked  before  coal  23  had  started.  The 
net  result  was  the  production  of  a  coke  of  weaker  structure  from 
coal  38  (the  70:30  blend)  than  from  coal  37  (the  80:20  blend). 
The  value  of  the  maximum  resistances,  30.0  kg. -cm.  (26  inch- 
pound)  for  coals  36  and  37,  and  the  tendency  toward  the  forma¬ 
tion  of  a  second  maximum  of  9.2  kg.-cm.  (8  inch-pound)  at 
475°  C.  by  coal  37  adds  support  to  the  above  interpretations  for 
coal  38.  Apparently,  then,  coal  38,  the  blend  of  70  per  cent  of 
coal  36  and  30  per  cent  of  coal  23,  has  so  much  of  this  latter 
slightly  fusing  coal  that  the  resulting  coke  is  somewhat  weaker 
than  coke  formed  from  coal  37,  the  80:20  blend  of  these  same 
coals. 

Reference  to  Table  II  and  Figure  6  would  suggest  that  the 
relation  between  the  Davis  plastic  range  on  coal  40  and  the 
“shatter-tumbler  index”  of  its  coke  is  out  of  line  with  that 
for  coals  of  nearly  similar  properties.  Table  I  shows  also 
that,  of  all  the  coals  studied,  this  coal  develops  the  highest 
maximum  resistance  by  the  modified  Layng-Hathorne 
method.  However,  the  temperature  range  data  for  this  coal 
as  observed  by  “the  contraction  interval”  in  the  Agde-Damm 
test  and  by  “high  fluidity”  in  the  plastometer  method  show 
good  correlations  with  the  “shatter-tumbler  index”  of  the 
coke  produced.  It  may  be  pointed  out  that  the  yield  of  coke 
was  lower  and  the  yield  of  tar  higher  at  900°  C.  on  coal  40 
than  would  be  expected  upon  comparing  these  yields  with 
those  for  coals  immediately  above  and  below  it  in  Table  II. 
Furthermore,  as  may  be  seen  in  Figure  4,  the  evidence  of  a 
second  maximum  in  the  temperature-pressure  curve  would 
indicate  a  second  fusion  caused  perhaps  by  a  portion  of  the 
tar  being  released  at  about  470°  C.  These  peculiarities  for 
coal  40  may  explain  in  part  the  lower  plastic  range  than  would 
be  expected  upon  comparison  with  coals  of  similar  composi¬ 
tion.  The  other  coals  in  Table  II  show  no  important  excep¬ 
tions  in  the  general  correlations  between  coke  strength  and 
plastic  properties. 

Summary  and  Conclusions 

Critical  studies  of  the  apparatus  and  procedures  formerly 
used  in  the  Agde-Damm,  Davis  plastometer,  and  Layng- 


Hathorne  tests  have  resulted  in  the  development  of  improved 
methods  for  measuring  the  plastic  properties  of  coking  coals. 
Test  results  by  the  revised  methods  show  better  agreement 
and  afford  more  complete  information  of  the  relationships  of 
plasticity  to  other  properties  of  coals  and  their  cokes  than  has 
been  possible  heretofore.  It  is  concluded  from  this  study 
that  plasticity  measurements  by  the  Davis  plastometer 
method  as  now  modified  give  more  reliable  and  complete  in¬ 
formation  over  the  plastic  range  than  can  be  obtained  by  the 
other  two  methods.  Data  from  the  modified  Agde-Damm 
test  method  provide  valuable  knowledge  on  the  preplastic 
temperature  range,  but  have  limited  significance,  except  for 
the  less  fusible  coals,  in  the  plastic  range.  Measurements  of 
plasticity  by  the  modified  Layng-Hathorne  method,  while 
showing  some  improvements,  furnish  but  little  reliable  infor¬ 
mation  that  cannot  be  more  accurately  and  completely  pro¬ 
vided  by  the  Davis  plastometer  method. 

The  quality  of  coke  produced  is  predictable  with  a  fair  de¬ 
gree  of  certainty  from  the  plasticity  data  on  the  coal  carbon¬ 
ized.  The  strength  of  the  coke  has  been  shown  to  increase 
with  decreases,  in  the  Agde-Damm  “contraction  interval,”  in 
the  length  of  the  “plastic  range”  and  the  length  of  “high 
fluidity”  as  observed  with  the  Davis  plastometer. 
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Hexanitrato  Ammonium  Cerate  as  a  Proposed 
Reference  Standard  in  Oxidimetry 
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CERIC  sulfate  has  been  generally  accepted  as  a  volumetric 
oxidation  reagent  comparing  favorably  with  potassium 
permanganate  in  versatility,  accuracy,  and  convenience. 
Many  of  its  characteristics  make  it  a  preferred  reagent  by 
comparison  with  permanganate.  New  developments  in 
high-potential,  reversible,  internal  indicators  having  suitable 
color  transitions,  when  used  in  connection  with  ceric  sulfate 
oxidations,  have  eliminated  the  unfavorable  comparison  with 
self -indicating  permanganate  reactions.  The  commercial 
availability  of  the  double  salt,  ceric  ammonium  sulfate, 
Ce(S04)2‘2(NH4)2S04-2H20,  which  is  easily  soluble  in  dilute 
I  sulfuric  acid,  has  eliminated  the  unfavorable  necessity  of 
■'  preparing  ceric  sulfate  solutions  from  relatively  impure 
samples  of  ceric  oxide.  The  notable  stability  of  ceric  sulfate 
solutions,  during  storage  under  ordinary  conditions  and  in 
the  case  of  hot  solutions,  is  a  favorable  circumstance  in  com¬ 
parison  to  permanganate. 

It  would  appear  that  the  most  appropriate  advance  in  the 
study  of  new  developments  in  ceric  salt  oxidimetry  still  to 
be  made  is  that  of  providing  a  salt  suitable  for  use  as  a 
standard  of  reference.  This  problem  at  first  thought  might 
be  considered  almost  impossible  of  solution.  The  known  diffi¬ 
culty  associated  with  the  separation  of  cerium  from  its  as¬ 
sociated  rare  earth  elements,  praseodymium,  neodymium, 
and  lanthanum  as  well  as  thorium,  has  been  too  often  ex¬ 
perienced.  Attempts  have  been  made  to  utilize  the  double 
salt,  ceric  ammonium  sulfate,  as  the  basis  of  a  product  suit¬ 
able  as  a  standard  of  reference.  The  influence  of  varying 
concentrations  of  sulfuric  acid  and  ammonium  sulfate  upon 
solutions  of  ceric  sulfate  in  the  attempt  to  prepare  a  double 
sulfate  of  cerium  with  ammonium  of  definite  composition 
greatly  complicates  the  problem.  The  ceric  oxide  or  oxalate 
suitable  in  such  a  synthesis  would  have  to  be  of  high  purity 
and  therefore  inaccessible.  A  double  salt  is  inherently  ob- 

ijectionable  for  obvious  reasons  of  variable  composition.  The 
double  ceric  ammonium  sulfate  also  is  hydrated  and  its 
equivalent  weight  so  high  that  a  reference  standard  based 
upon  its  use  would,  if  one  succeeded  in  its  preparation,  be 
prohibitive  in  cost. 

Advantages  in  Use  of  Complex  Nitrato  Cerate 

1.  Hexanitrato  ammonium  cerate  is  a  complex  salt  as 
distinguished  from  a  double  salt  (with  possible  variations  in 
combining  proportions)  and  is  of  high  equivalent  weight 
(548.258).  The  salt  is  not  noticeably  hygroscopic  under 
ordinary  atmospheric  conditions.  The  secondary  ionization 
of  the  Ce(NOj)6  ion  to  form  ceric  and  nitrate  ions  is  not 
pronounced  but  is  ample  for  the  purpose  of  the  oxidation  of 
divalent  iron  (and  probably  other  reducing  agents)  as  well 
as  for  the  oxidation  of  suitable  indicators  and  for  potentio- 
metric  end-point  phenomena.  The  product  is  commercially 
*  available  at  reasonable  cost. 


2.  A  product  99.5  per  cent  pure  can  be  easily  prepared  by 
one  crystallization  starting  with  a  low-grade  (40  to  50  per 
cent)  thorium-free  mixture  of  ceric  oxide  containing  lan¬ 
thanum,  praseodymium,  and  neodymium.  A  second  crystal¬ 
lization  of  hexanitrato  ammonium  cerate  from  concentrated 
nitric  acid  in  the  presence  of  excess  ammonium  nitrate  re¬ 
sults  in  an  80  per  cent  yield  of  product  of  practically  perfect 
purity. 

3.  The  newly  proposed  standard  of  reference  is  easily 
soluble  in  dilute  sulfuric  acid,  forming  a  solution  -which  is 
stable  upon  storage  under  ordinary  conditions  and  is  perfectly 
stable  upon  digestion  at  100°  C.  The  crystalline  salt  is 
stable  at  110°  C.  and  is  easily  freed  from  excess  nitric  acid 
and  ammonium  nitrate  in  contact  with  which  it  is  prepared. 
Hexanitrato  ammonium  cerate  is  soluble  in  water  (without 
hydrolysis)  as  well  as  in  sulfuric,  nitric,  perchloric,  and  hydro¬ 
chloric  acids.  Pure  salts  of  ceric  sulfate  and  cerous  chloride 
are  easily  prepared  from  it  by  digestion  with  sulfuric  and 
hydrochloric  acids  in  excess. 

Factors  Indicating  Complex  Salt  Composition 

It  is  not  within  the  scope  of  this  paper  to  prove  by  physical 
chemical  means  the  belief  that  hexanitrato  ammonium  cerate 
is  a  complex  salt  and  not  a  double  salt  such  as  ceric  ammonium 
sulfate.  That  (NH4)2Ce(N03)f  is  ionized  in  solution  to  form 
ammonium  ions  and  nitrato  ceric  ions,  (NH4)2Ce(N03)6  7=^ 
2NH4+  +  Ce(N03)6  ,  is,  however,  clearly  indicated. 

Thus,  a  solution  of  the  pure  acid-free  salt  in  water  is  not 
hydrolyzed  to  form  insoluble  ceric  salts  as  are  the  double  salt 
ceric  ammonium  sulfate  and  other  ceric  salts.  Solutions  of 
the  complex  nitrato  ammonium  cerate  in  nitric  acid  are 
salted  out  by  the  addition  of  excess  ammonium  nitrate  intro¬ 
ducing  the  common  ion  (NH4)  +,  but  are  not  similarly  salted 
out  using  excess  nitric  acid  as  a  result  of  the  addition  of  the 
common  ion  (N03  ).  Clear  solutions  of  the  complex  salt 
in  water  can  be  made  which  are  more  than  2.5  N,  with  color 
production  about  equal  to  0.1  A  ceric  ammonium  sulfate  in 
normal  sulfuric  acid. 

A  nitric  acid  solution  of  the  nitrato  cerate  is  noticeably 
slow  in  oxidizing  reaction  at  the  equivalence  point  when  re¬ 
duced  by  ferrous  sulfate.  The  remarkably  clean  separation  of 
the  nitrato  cerate  from  solutions  containing  equal  concentra¬ 
tions  of  the  other  cerium  group  metals,  except  thorium,  indi¬ 
cates  a  distinctly  different  composition  since  the  other  cerium 
group  metals  are  known  to  form  double  salts  as  distinguished 
from  complex  salts.  Lastly,  the  recrystallization  of  the 
nitrato  cerate  from  concentrated  nitric  acid  solutions  by 
evaporation  gives  a  product  which  tends  towards  a  high  ceric 
equivalency.  This  condition  would  be  interpreted  to  indicate 
an  impurity  of  H2Ce(N03)6  in  the  salt  (NH4)2Ce(N03)6. 
This  tendency  is  eliminated  by  precipitation  in  the  presence  of 
excess  ammonium  nitrate. 
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Preparation  of  Hexanitrato  Ammonium  Cerate 


A  chocolate-brown  ceric  oxide  containing  approximately  46 
per  cent  of  cerium  oxides  was  used  as  starting  material.  It 
contained  approximately  40  per  cent  ceric  oxide  and  was  free 
from  iron  and  manganese.  This  product  dissolved  completely 
in  hot,  concentrated  nitric  acid  leaving  a  residue  of  foreign 
material,  evidently  oxide  scale  from  metal  trays  used  in  its 
ignition  during  preparation.  The  concentrated  nitric  acid 
solution  of  the  sample  was  diluted  with  an  equal  volume  of 
water,  the  clear  solution  decanted  from  the  insoluble  foreign 
material,  and  the  ceric-ion  value  determined.  The  theoretical 
quantity  of  ammonium  nitrate  was  then  added  and  the  solu¬ 
tion  concentrated  to  cause  the  separation  of  the  orange- 
colored  crystals  of  nitrato  cerate.  The  crystals  thus  obtained 
were  separated  from  the  mother  liquor  centrifugally  and  dried 
at  100°  C.  until  practically  all  excess  nitric  acid  was  removed. 
The  results  of  a  series  of  fractional  crystallizations  following 
this  scheme  are  given  in  Table  I.  The  necessity  of  using  a 
thorium-free  starting  material  is  stressed  by  Cuttica  and 
Tocchi  (I). 

The  two  first  crops  of  crystals  were  combined  and  50-  to 
100-gram  portions  dissolved  in  boiling  hot,  concentrated 
nitric  acid  using  270  ml.  of  the  concentrated  acid  for  each  100 
grams  of  salt  taken.  Ammonium  nitrate  in  amounts  between 
10  and  30  per  cent  of  the  total  weight  of  the  salt  recrystallized 


was  then  dissolved  in  the  solution,  which  was  cooled  in  ice 
water,  centrifuged,  and  dried  1.5  hours  at  110°  C.  The 
purity  of  the  product  thus  obtained  was  determined  by  dis¬ 
solving  samples  in  100  ml.  of  1  to  10  dilute  sulfuric  acid  and 
titrating  with  standard  ferrous  sulfate  using  o-phenanthroline 
ferrous  complex  as  indicator.  The  ferrous  sulfate  was  stand¬ 
ardized  against  standard  ceric  sulfate  solution  which  had  been 
standardized  using  Bureau  of  Standards  sodium  oxalate  as 
reference.  The  results  are  shown  in  Table  II. 

From  an  examination  of  these  data  it  is  observed  that  in 
recrystallization  from  concentrated  nitric  acid  in  the  presence 
of  from  15  to  30  per  cent  excess  of  ammonium  nitrate  the 
composition  of  the  resultant  product  is  theoretical  within 
ordinary  analytical  accuracy.  A  10  per  cent  excess  of  am¬ 
monium  nitrate  is  apparently  too  low  probably  because  of  the 
formation  of  H2Ce(N03)s  in  small  but  appreciable  amounts. 
Each  of  the  five  preparations  was  made  from  a  different  por¬ 
tion  of  the  two  preparations  cited  in  Table  I,  the  first  two 
from  the  first  sample  and  the  last  three  from  the  second  sample. 


Stability  of  Solutions  in  Nitric  and  Sulfuric 

Acids 


Table  I.  Preparation  of  High-Grade  Hexanitrato  Ammonium 
Cerate  from  Low-Grade  Thorium-Free  Oxides 


Hexanitrato  Ammonium  Cerate  Obtained  Total  Yield  Total 

Impure  (46%)  1st  Crop  2ndFr°P  3rd  Crop  Obtained  Theoretical  Re- 


Oxides  Taken 
Grams 


1968 

3280 


Purity  Purity 

Grams  %  Grams  %  Grams 

99.40  475  98.82  390 

99.43  . 


1567 

2435 


Purity 

% 

90.1 


Purity 
Grams  As.  % 
2432  97.7 


Yield 

Grams 

2540 


co very 
% 

93.5 


Table  II. 


Preparation  of  Pure  Hexanitrato  Ammonium  Cerate 
from  99.5  %  Stock 

0.03959  N 


(NH,)2Ce(N03)6  FeSCh  (NH4)2Ce(N03)6 

Purity 

Error 

NH4NO3, 

No.  Taken  Required 

Found 

Found 

Excess 

Grams  Ml. 

Grams 

% 

% 

% 

1  1.0000  46.20 

1.0028 

100.28 

+0.28 

10 

2  1.0000  46.15 

1.0016 

100.16 

+0.16 

20 

0.08085  N 

FeSCb 

3  2.0000  45.08 

1.9984 

99.92 

-0.08 

30 

4  2.0000  45.12 

2 . 0000 

100.00 

±0.00 

15 

6  2.0000  45.12 

2 . 0000 

100.00 

±0.00 

20 

Table  III.  Stability  of  Hexanitrato  Ammonium  Cerate  in  Hot  Nitric 

and 

Sulfuric  Acids 

Acid  Concen- 

Normality 

Time  of 

Normality 

Type  of  Solution 

tration  dur- 

before 

Heating  at  after  Heat- 

of  (NH4)2Ce(N03)6  Used 

ing  Heating 

Heating 

100°  c. 

ing 

Min. 

Hexanitrato  Ammonium  Cerate  Solutions  in 

0.5  N  and  1.0  N  Sulfuric  Acid 

Approximately  0.1  N  in  0.5  N  H2SC>4 

0.5 

0.09621 

60 

0.09618 

1.0 

0.09621 

30 

0.09618 

1.0 

0.09621 

60 

0.09620 

1.5 

0.09621 

30 

0 . 09624 

1.5 

0.09621 

60 

0.09622 

2.0 

0.09621 

30 

0.09618 

2.0 

0.09621 

60 

0.09622 

Approximately  0.1  N  in  0.5  V  HrSO-i 

1.0 

0.09602 

180 

0.09602 

Approximately  0.1  N  in  1.0  N  HjSCU 

1.0 

0.09552 

60 

0.09560 

1.5 

0.09552 

60 

0.09553 

2.0 

0.09552 

60 

0.09569 

1.0 

0.09552 

180 

0.09551 

Hexanitrato  Ammonium  Cerate  Solutions  1.0  N  and  2.0  N  Nitric  Acid 

Approximately  0.1  N  in  1.0  N  HN03a 

2.0 

0.09107 

45 

0.  09043 

3.0 

0.09107 

45 

0.08942 

4.0 

0.09107 

45 

0.08882 

Approximately  0.1  V  in  2.0  N  HN03“ 

0.09236 

0 . 09236 

Approximately  0.1  A  solutions  of  hexanitrato  ammonium 
cerate  in  0.5  N  to  2  N  nitric  and  sulfuric  acids  were  digested 
under  a  reflux  condenser  at  100°  C.  for  various  periods  of 
time  and  were  then  cooled  and  the  ceric-ion 
_____  value  was  determined  by  titration  with  standard 
ferrous  sulfate.  The  results  are  shown  in  Table 
III.  A  sample  of  25.00  ml.  of  the  solutions 
was  used  in  each  case  and  standardized  before 
and  after  heating  for  the  specified  periods. 

From  an  examination  of  Table  III  it  is  ob¬ 
served  that  approximately  0.1  A  solutions  of 
the  nitrato  cerate  in  0.5  A  to  2  A  sulfuric  acid 
media  are  stable  after  digestion  at  100°  C.  over 
liberal  time  intervals.  Solutions  of  the  nitrato 
cerate  in  1  A  to  2  A  nitric  acid  are  stable  in 
the  cold  but  not  at  100°  C.  It  will  require  a 
more  extended  time  interval  to  prove  the  sta¬ 
bility  of  these  solutions  stored  under  ordinary 
conditions  over  long  periods  of  time.  Reason¬ 
ing  by  analogy  with  the  stability  of  ceric  am¬ 
monium  sulfate  solutions  which  have  been  shown 
to  be  stable  at  the  boiling  point  for  several  hours 
and  which  have  likewise  been  found  perma¬ 
nently  stable  under  ordinary  storage  conditions, 
the  solutions  of  the  nitrato  cerate  should  prove 
likewise  to  be  permanently  stable. 


Influence  of  Nitrate  Ion  in  Determina¬ 
tion  of  Reducing  Agents 


0.09236 


a  48  hours'  storage  at  room  temperature  between  each  standardization. 


It  is  beyond  the  scope  of  this  paper  to  test 
the  use  of  solutions  of  the  nitrato  cerate  in  0.5 
A  to  1.0  A  sulfuric  acid  for  all  the  applications 
to  which  ceric  sulfate  solutions  in  the  same 
acid  have  been  employed.  The  nitrate  ion  has 
no  influence  upon  the  determination  of  ferrous 
iron,  the  most  commonly  determined  element 
It  is  not  expected  to  interfere  in  most  othei 
cases.  The  value  of  the  proposed  new  standard 
need  not  be  in  the  least  minimized  by  suet 
considerations.  From  a  solution  of  a  knowr 
weight  of  hexanitrato  ammonium  cerate  in  excess 
sulfuric  acid,  a  solution  of  ceric  ammonium  sul¬ 
fate  is  easily  obtained  free  from  nitric  acid  bj 
the  simple  process  of  digestion.  All  question  o! 
the  possible  undesirable  presence  of  the  nitratt 
ion  is  thus  eliminated. 
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Summary 

Conditions  have  been  established  for  the  preparation  in 
pure  form  of  hexanitrato  ammonium  cerate,  (NH4)2Ce- 
(NO3)  tj,  starting  with  a  low-grade  thorium-free  mixture  of 
40  to  50  per  cent  ceric  and  cerous  oxides  containing  50  to  60 
per  cent  of  mixed  oxides  of  praseodymium,  neodymium,  and 
lanthanum. 

The  properties  of  this  proposed  new  standard  of  reference 
in  ceric  oxidimetry  are  discussed  and  the  indications  pointing  to 
its  complex  nature  as  distinguished  from  the  double  salt  type 
of  ceric  salt,  such  as  ceric  ammonium  sulfate,  are  pointed  out. 


The  stability  of  solutions  of  the  nitrato  cerate  in  0.5  N  to 
2.0  N  sulfuric  acid  at  100°  C.  has  been  studied  and  perfect 
stability  shown. 

The  many  desirable  properties  possessed  by  the  proposed 
new  standard,  which  make  its  use  in  the  new  role  desirable, 
are  outlined. 
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Construction  of  Glass  Helices  for  Packing 

Fractionating  Columns 

A  Rapid  Mechanical  Method 


W.  W.  STEWART,  Ontario  Research  Foundation,  Toronto,  Canada 


SINGLE-turn  glass  helices  have  been  used  by  several 
investigators  ( 1 ,  2,  8,  6)  as  packing  material  in  laboratory 
fractionating  columns.  Up  to  the  present  time  their  use, 
particularly  in  large  columns,  has  been  limited  to  some  extent 
by  rather  slow  and  tedious  methods  of  construction. 

A  method  for  making  these  helices  by  hand  was  first 
described  by  Wilson,  Parker,  and  Laughlin  (7).  A  more 
detailed  account  of  the  construction,  breaking,  and  sorting 
of  glass  helices  has  been  reported  by  Roper,  Wright,  Ruhoff, 
and  Smith  U),  who  wound  glass  spirals  from  2-mm.  Pyrex 
rod  by  hand.  The  fiber  diameter  was  about  0.6  mm.,  and  the 
outside  diameter  of  the  coil  4.4  mm.  About  5  cc.  of  finished 
product  were  produced  in  1.5  hours,  1  hour  of  which  was 
required  for  breaking  and  sorting.  Recently,  a  partially 
mechanical  method  of  constructing  glass  spirals  has  been 
described  by  Young  and  Jasaitis  (8). 

The  distilling  column  which  has  been  used  in  this  labora¬ 
tory  has  a  packed  section  of  300  cc.  It  would  take  about  80 
hours  to  prepare  a  sufficient  number  of  helices  to  pack  this 
column  by  using  the  technic  of  Roper  and  his  co-workers, 
whereas  it  was  accomplished  in  15  hours  using  the  method 
here  outlined. 


Winding  the  Spirals 

A  mechanical  device  for  winding  glass  spirals  similar  to 
those  described  by  Roper  was  constructed  from  Meccano 
parts.  The  design  of  this  machine  was  based  on  that  of  a 
device  developed  by  Tapp  (5)  for  winding  spirals  from  quartz 
fibers.  The  machine  was  built  to  wind  directly  a  glass  spiral, 
with  a  fiber  diameter  of  about  0.6  mm.  and  11  turns  per  centi¬ 
meter,  from  a  Pyrex  rod  2  mm.  in  diameter.  The  fiber  for 
the  spiral  was  drawn  from  this  rod  as  the  spiral  was  wound  on 
a  winding  form. 

The  mechanical  device  was  constructed  in  two  parts:  (1) 
a  unit  which  rotated  the  winding  form  at  a  uniform  rate  and, 
at  the  same  time,  moved  this  form  in  a  direction  at  right  angles 
to  the  plane  of  rotation  at  a  uniform  speed;  (2)  a  similar 
unit  which  fed  the  rotated  glass  rod  onto  the  winding  form  at 
a  uniform  rate.  The  details  of  construction  of  these  units  are 
clearly  shown  in  Figure  1. 

The  power  plant  was  a  Bodine  electric  motor,  type  CR2, 
equipped  with  a  595  to  1  reduction  gear.  The  gear  (No.  27a, 
Meccano  part  number)  on  the  motor  shaft  revolved  at  16  r.  p.  m. 


and  meshed  with  the  gear  wheel  (No.  31)  on  the  horizontal  drive 
shaft,  causing  the  latter  to  revolve  at  28  r.  p.  m.  The  pinion 
(No.  26)  on  the  drive  shaft  meshed  with  the  centrate  wheel  (No. 
28)  which  drove  the  worm  gear  (No.  32).  The  worm  gear  meshed 
with  the  pinion  (No.  25)  on  the  shaft  driving  the  chain  sprocket 
(No.  96a).  The  chain,  which  was  fastened  at  one  end,  passed 
under  an  idler  sprocket  and  then  over  the  driving  sprocket. 
The  other  end  of  the  chain  was  fastened  to  a  spring  which  applied 
a  tension,  thus  preventing  a  slipping  motion  as  the  drive  sprocket 
meshed  with  the  chain  links  and  carried  the  carriage  forward. 
The  forward  motion  was  at  the  rate  of  1  mm.  per  revolution  of 
the  winding  form  which  rotated  at  28  r.  p.  m. 

The  glass  spirals  were  wound  on  a  3.18-mm.  (0.125-inch)  di¬ 
ameter  steel  drill  rod,  which  was  coupled  to  the  main  drive  shaft, 
and  passed  through  a  bearing  fixed  on  the  end  perforated  flange 
plate  of  the  carriage.  The  free  end  of  the  winding  form  passed 
through  a  bearing  which  was  fastened  to  another  perforated 
flange  plate  (right  of  Figure  2),  the  latter  being  fixed  to  the  base 
board.  These  two  bearings  served  to  steady  and  guide  the  form 
during  the  winding  operation.  The  end  of  the  winding  rod  was 
slotted. 

The  glass  spirals  were  wound  from  a  2-mm.  Pyrex  glass  rod, 
fed  through  a  gas-air  flame  onto  the  winding  form  at  right  angles 
to  it  and  in  the  same  horizontal  plane.  The  feeding  mechanism 
is  shown  in  Figure  1,  the  glass  rod  being  clamped  in  the  second 
carriage  in  exactly  the  same  position  as  that  occupied  by  the 
winding  form  in  the  first.  The  relative  positions  of  the  glass- 
rod  feeding  device  and  the  carriage  bearing  the  winding  form  are 
shown  in  Figure  2. 

The  inner  cone  of  the  gas-air  flame  was  about  4  cm.  high,  and 
the  outer  tip  was  placed  under  the  glass  rod  approximately  0.5 
cm.  from  the  winding  form.  The  tip  of  the  inner  cone  of  the 


Figure  1.  Glass  Helix-Winding  Apparatus 
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flame  was  kept  about  0.5  cm.  below  the  Pyrex  rod.  Variations 
in  the  gas  or  air  pressure  will  cause  slight  irregularities  in  the 
diameter  of  the  spiral  fiber.  With  a  little  practice,  the  operator 
can  adjust  the  flame  so  that  a  uniform  spiral  is  produced. 

Figure  2  shows  a  spiral  being  wound.  The  original  Pyrex 
rod,  the  finished  spiral,  and  single-turn  helices  are  shown  in 
Figure  3. 


Figure  2.  Glass  Spiral  Being  Wound  on  Winding 

Form 


To  begin  winding  a  spiral,  the  two  carriages  were  drawn 
back  so  that  the  end  of  the  winding  rod  and  the  end  of  the 
glass  rod  almost  entered  the  flame  zone.  Both  motors  were 
started  simultaneously  with  a  single  switch.  As  the  glass 
rod  passed  into  the  flame  and  softened,  the  tip  of  the  rod  was 
drawn  out  with  a  short  bit  of  glass  tubing,  and  this  fiber  was 
hooked  into  the  slotted  end  of  the  winding  rod.  The  finished 
spiral  can  be  slipped  off  the  free  end  of  the  steel  winding  form 
when  the  winding  operation  is  completed. 

Preparing  the  Helices 

The  method  used  for  cutting  single-turn  helices  from  the 
glass  spirals  is  an  improvement  on  that  of  any  described 
method  that  has  been  noticed  by  the  author.  A  long  spiral 
was  slipped  over  a  3.18-mm.  (0.125-inch)  diameter  steel  drill 
rod,  then  held  firmly  between  the  thumb  and  forefinger  and 
each  turn  nicked  by  drawing  a  wedge-shaped  pointed  Carbo¬ 
rundum  glass-marking  pencil  along  the  top  of  the  spiral. 
When  the  etched  spiral  was  squeezed  between  the  thumb  and 
forefinger,  each  turn  broke  at  the  nick.  If  any  turns  break 
less  than  three-fourths  of  a  turn,  they  drop  off  the  rod,  thereby 
greatly  reducing  the  period  required  for  sorting.  The  number 
of  helices  breaking  between  three-fourths  of  a  turn  and  one 
turn  was  very  small,  and  these  may  be  easily  and  quickly 


separated  as  the  helices  are  slipped  off  the  end  of  the  steel 
drill  rod  if  a  uniform  packing  of  exactly  one  turn  is  desired. 
Helices  of  any  required  number  of  turns  may  be  readily  made 
by  nicking  the  spirals  at  the  proper  points.  The  loss  due  to 
breakage  is  low.  About  10  cc.  were  lost  in  preparing  300  cc. 
of  finished  product,  as  compared  with  a  loss  of  about  20  per 
cent  with  the  method  of  Roper,  Wright,  Ruhoff,  and  Smith  (4). 

The  spiral  was  wound  on  this  machine  at  the  rate  of  350 
turns  per  12.5  minutes.  However,  with  a  few  simple  mechani¬ 
cal  changes  it  is  possible  to  increase  the  rate  of  winding 
considerably,  if  desired.  The  finished  spiral  was  about  32  cm. 
long  and  had  11  turns  per  cm.  In  order  to  save  time,  the 
single-turn  helices  can  be  cut  from  one  of  these  lengths  of 
spiral  while  another  spiral  is  being  wound.  Enough  single¬ 
turn  helices  to  occupy  a  packed  volume  of  20  cc.  (about  1260), 
can  be  made  by  this  method  of  construction  in  1  hour. 

Some  measurements  upon  average  pieces  of  the  finished 
product  are  as  follows:  fiber  diameter,  0.65  =*=  0.02  mm.; 
outside  diameter  of  the  coil,  4.47  ±  0.04  mm.;  weight  of 
300  single  turns,  2.64  =±=  0.04  gram. 

The  300  cc.  of  finished  product  required  to  pack  the 
laboratory  distilling  column  were  obtained  from  32  Pyrex 
rods  2  mm.  in  diameter  and  92  cm.  long. 

Table  I  shows  the  Meccano  parts  required  for  constructing 
a  single  carriage  for  winding  the  spirals.  The  total  cost  of 
these  parts  is  about  $5.00. 


Table  I.  Parts  Required 


No.  of 

Parts 

Mecanno 

Required 

Part  No. 

1 

6 

1 

6a 

2 

7 

4 

8 

3 

9 

4 

12 

1 

13a 

1 

15 

4 

14 

1 

25 

1 

26 

1 

27a 

1 

28 

1 

32 

2 

37f 

2 

48b 

7 

52 

1 

96 

1 

96a 

6 

126a 

1 

63 

10 

59 

4 

20 

2  feet 

94 

Description 

Perforated  strip,  38.1  mm.  (1.5  inches) 

Perforated  strip,  50.8  mm.  (2  inches) 

Angle  girder,  622  mm.  (24.5  inches) 

Angle  girder,  318  mm.  (12.5  inches) 

Angle  girder,  63.5  mm.  (2.5  inches) 

Angle  bracket,  12.7  mm.  (0.5  inch) 

Axle  rod,  203  mm.  (8  inches) 

Axle  rod,  127  mm.  (5  inches) 

Axle  rod,  165  mm.  (6.5  inches) 

Pinion  wheel,  diameter  19.1  mm.  (0.75  inch),  6.4 
mm.  (0.25  inch)  face 

Pinion  wheel,  diameter  12.7  mm.  (0.5  inch),  6.4 
mm.  (0.25  inch)  face 
Gear  wheel,  57  teeth 

Centrate  wheel,  25.4  mm.  (1  inch)  38  teeth 
Worm 

Nuts  and  bolts,  5.6  mm.  (0.22  inch) 

Angle  strip,  88.9  mm.  (3.5  inches)  X  12.7  mm. 
(0.5  inch) 

Perforated  flange  plate,  140  mm.  (5.5  inches)  X 
63.5  mm.  (2.5  inches) 

Sprocket  wheel,  25.4-mm.  (1-inch)  diameter,  18 
teeth 

Sprocket  wheel,  19.1-mm.  (0.75-inch)  diameter,  14 
teeth 

Flat  trunnions 
Coupling 

Collar  with  set  screw 

Flanged  wheel,  25.6-mm.  (1.125  inches)  diameter 
Chain 
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Figure  3.  Original  Pyrex  Rod,  Finished  Spiral,  and 
Single-Turn  Helices 
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Direct  Determination  of  Oxygen  in  Organic 
Compounds  Containing  Sulfur 

ter  Meulen  Method 

W.  WALKER  RUSSELL  AND  MAURICE  E.  MARKS,  Metcalf  Laboratory,  Brown  University,  Providence,  R.  I. 


IN  PREVIOUS  studies  (2,  6,  7)  the  authors  found  that, 
when  certain  modifications  were  made,  the  ter  Meulen 
method  (3,  4>  5)  for  the  direct  determination  of  oxygen  in 
organic  compounds  by  catalytic  hydrogenation  gave  satis¬ 
factory  results.  Thus  when  a  very  active  thoria-promoted 
nickel  catalyst  was  used,  all  oxygen  was  quantitatively  con¬ 
verted  to  water  in  the  analysis  of  compounds  containing  only 
carbon,  hydrogen,  and  oxygen  ( 6 ),  and  this  was  equally  true 
when  nitrogen  (7)  or  small  amounts  of  sulfur  (2)  were  also 
present.  The  last  work  (2),  which  dealt  primarily  with  the 
:!'  direct  determination  of  total  oxygen  in  oils  whose  sulfur  and 
i,  nitrogen  content  was  below  0.1  per  cent,  appeared  to  justify 
further  work  with  organic  sulfur  compounds.  In  an  endeavor 
to  make  the  method  more  generally  applicable,  the  behavior 
of  compounds  containing  considerable  amounts  of  sulfur  and 
various  types  of  sulfur  linkage  has  been  studied.  Even  though 
sulfur  is  recognized  as  a  serious  poison  for  nickel  catalysts,  a 
method  has  been  developed  which  has  given  satisfactory 
successive  analyses  with  the  several  types  of  organic  sulfur 
compounds  studied. 

The  Cracking  Surface 

Cracking  surfaces  composed  of  platinized  quartz  granules, 
and  also  of  nickelized  quartz  granules,  both  with  and  without 
thoria,  were  investigated.  While  the  nickel-coated  surfaces 
appeared  slightly  more  active,  they  proved  unsatisfactory 
because  of  large  blanks.  The  platinized  quartz  cracking  sur¬ 
face  (6)  proved  very  efficient  for  most  organic  sulfur  com¬ 
pounds  studied.  More  or  less  sulfur  from  the  compound 
was  always  retained  by  this  cracking  surface.  Because 
the  aliphatic  compounds  cracked  easily  to  gaseous  products 
between  600°  and  800°  C.,  depositing  little  carbon,  the  effi¬ 
ciency  of  the  cracking  surface  was  maintained,  and  the 
capacity  of  the  catalyst  to  resist  sulfur  poisoning  became  the 
limiting  factor  in  determining  the  number  of  successive  runs 
possible  with  one  tube-filling.  Aromatic  compounds  which 
may  require  cracking  temperatures  up  to  1100°  C.  deposited 
considerable  carbon  which  diminished  the  activity  of  the 
cracking  surface  as  successive  runs  were  made.  Thus  the 
amount  (about  20  cc.)  of  platinized  quartz  employed  allowed 
about  five  successive  analyses  to  be  made  of  either  p-xylene- 
sulfonic  acid  or  di-p-tolyl  sulfoxide,  about  three  of  sulfobenzoic 
anhydride,  or  about  two  of  diphenyl  sulfone. 

Failure  occurred  when  the  cracking  surface  was  no  longer 
able  to  prevent  easily  condensable  decomposition  products 
from  passing  through.  A  larger  amount  of  cracking  surface 
should  make  possible  an  increase  in  the  number  of  successive 
<  analyses  of  aromatic  sulfur  compounds.  Of  the  aromatic 
compounds  studied,  diphenyl  sulfone  required  the  highest 
temperature  for  cracking — i.  e.,  about  1100°  C. — while  for 
the  other  aromatics  temperatures  down  to  800°  C.  sufficed. 
That  the  number  of  successive  analyses  possible  with  a  given 
aromatic  compound  offered  a  criterion  of  its  cracking  char¬ 
acteristics  follows  from  observations  that  the  rate  of  vaporiza¬ 
tion  of  the  sample  had  to  be  decreased  in  the  above  sequence 
in  order  to  obtain  satisfactory  cracking.  Thus  the  full  ex¬ 
tension  of  the  analysis  time  which  has  been  recommended 
for  organic  sulfur  compounds  was  necessary  only  in  the  cases 
of  the  compounds  most  difficult  to  crack. 


The  Catalyst 

Unsupported  and  quartz-supported  nickel  catalysts,  both 
unpromoted  and  thoria-promoted,  have  been  investigated. 
Ordinarily  any  of  these  catalysts  entirely  sorbed  any  sulfur 
compounds  not  held  back  by  the  platinized  quartz  cracking 
surface.  In  fact,  hydrogen  sulfide  was  not  obtained  from 
any  active  catalyst  under  conditions  of  analysis,  or  even  at 
450°  C.,  unless  uncracked  benzene  passed  through  the  system. 
When  this  occurred  hydrogen  sulfide  was  evolved  and  the 
catalyst  became  completely  poisoned.  Considerable  amounts 
of  sulfur  could  be  present  in  the  system  before  the  catalysts 
failed  in  analysis.  Thus  with  aliphatic  compounds,  in  whose 
analysis  the  catalyst  was  the  limiting  factor,  from  eight  to 
thirteen  runs  could  be  made,  thereby  introducing  some 
200  to  400  mg.  of  sulfur,  before  the  5  to  10  grams  of  unsup¬ 
ported  promoted  catalyst  failed  to  give  quantitative  conver¬ 
sion  of  oxygen  to  water.  The  smaller  nickel  content  of  the 
supported  promoted  catalysts  allowed  about  four  successive 
runs  on  20  grams  of  this  material. 

Certain  samples  of  unsupported  catalyst,  both  unpromoted 
and  thoria-promoted,  exhibited  a  marked  and  persistent  in¬ 
crease  in  blanks  immediately  following  an  analysis — for 
example,  an  initial  blank  of  0.5  mg.  per  half  hour  might 
increase  to  2  to  3  mg.  directly  after  a  run.  However,  after 
passing  hydrogen  for  a  few  hours,  the  blanks  decreased  and 
finally  became  constant  below  their  initial  values.  Observa¬ 
tions  of  this  phenomenon  led  to  the  belief  that  hydrogen 
sulfide  was  in  some  way  acting  upon  the  catalyst.  This 
contention  was  strengthened  by  the  results  of  experiments 
in  which  hydrogen  sulfide  was  passed  through  the  tube  under 
the  conditions  of  analysis.  In  the  cases  of  both  promoted 
and  unpromoted  catalysts,  the  blanks  were  considerably 
increased  thereby.  It  seems  necessary  to  assume,  therefore, 
that  hydrogen  sulfide,  and  perhaps  other  sulfur  compounds 
which  may  exist  at  this  stage  in  the  analysis,  are  capable  of 
accelerating  the  reduction  of  nickel  oxide  which  escaped  re¬ 
duction  by  hydrogen  alone  during  the  preparation  of  the 
catalyst.  Small  amounts  of  such  oxide  are  known  to  exist 
within  catalyst  granules  even  after  prolonged  reduction. 

It  is  interesting  to  note  that  the  increased  blanks  persisted 
for  some  hours  after  the  passage  of  hydrogen  sulfide  had  been 
discontinued.  This  may  signify  a  slow  reaction  with  adsorbed 
hydrogen  sulfide  or  sulfur,  or  a  specific  catalytic  effect.  Al¬ 
though  the  phenomenon  of  increased  blanks  was  not  observed 
when  reduction  was  prolonged  for  2  weeks,  it  was  shown  by 
certain  samples  of  unsupported  catalyst,  among  a  number 
which  were  believed  to  be  identical  in  composition  and  mode 
of  preparation,  but  which  were  reduced  for  24  hours  only. 
Some  factor  not  under  control,  therefore,  appears  to  have  been 
responsible  for  a  variation  in  the  amounts  of  residual  oxide 
present  in  the  more  rapidly  reduced  catalysts.  A  simple  and 
very  effective  solution  of  the  problem  was  found  to  lie  in  the 
use  of  granular  quartz-supported  nickel  catalysts.  The  nickel 
was  now  present  only  in  very  thin  layers  which  were  readily 
freed  from  all  but  negligible  amounts  of  oxide  by  reduction 
in  hydrogen  overnight  at  500°  C.  It  is  recommended,  there¬ 
fore,  that  the  supported,  promoted  nickel  be  used  in  all 
analyses  of  sulfur  compounds  as  catalyst,  but  not  as  cracking 
surface. 
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In  the  analysis  of  compounds  containing  only  hydrogen, 
carbon,  oxygen,  and  nitrogen  ( 6 ,  7)  regeneration  of  the 
catalyst  was  possible  by  oxidizing  and  then  reducing  with 
hydrogen.  However,  when  sulfur  was  held  by  the  catalyst, 
oxidation  formed  nickel  sulfate  which  proved  impossible  to 
reduce.  Heating  the  used  catalysts  to  red  heat  in  a  stream  of 
hydrogen,  without  preliminary  oxidation,  also  was  unsuccess¬ 
ful  because  of  the  slowness  of  sulfide  decomposition  and  the 
danger  of  injuring  the  quartz  tube  by  contact  with  melted 
sulfide.  The  small  amount  of  trouble  and  expense  involved 
in  replacing  a  poisoned  catalyst  with  a  fresh  one  is  more 
than  offset  by  the  knowledge  that  a  fully  active  catalyst  is  in 
the  tube,  an  especially  important  consideration  when  working 
with  new  substances. 

Apparatus,  Materials,  and  Method 

The  apparatus  used  in  the  major  part  of  the  work  was 
essentially  that  already  described  ( 6 ),  with  the  following 
exceptions : 

To  eliminate  sources  of  water  within  the  system,  the  liquid  used 
in  the  safety  tube  and  in  the  flowmeter  was  purified  mineral  oil. 
Either  platinized  asbestos  or  reduced  nickel  was  used  to  remove 
traces  of  oxygen  from  the  electrolytic  hydrogen  employed.  By 
placing  the  flowmeter  before  the  purification  train,  it  was  possible 
to  have  the  metered  hydrogen  come  into  contact  only  with  glass 
surfaces,  except  at  the  short  thick  rubber  connection  joining  the 
purification  system  to  the  quartz  tube.  The  hydrogen  was  first 
dried  by  calcium  chloride  and  then  by  Drierite.  The  Drierite  was 
regenerated  in  place  by  an  electric  furnace  heated  to  230°  to 
250°  C.  Each  of  the  Schwartz  tubes  in  the  absorption  train  also 
contained  Drierite  ( 2 ).  The  cracking  surface  was  heated  by  a 
heavy-duty  electric  furnace  which  was  automatically  turned  on 
by  a  simple,  improvised,  time-power  switch. 

The  unsupported  nickel  catalysts  were  prepared  as  previously 
described  ( 6 ),  except  that  final  reduction  was  carried  out  at  450° 
C.  From  5  to  10  grams  of  the  ignited  oxides  were  used  to  charge 
the  tube.  The  supported  catalysts  were  prepared  by  thoroughly 
mixing  the  desired  amount  of  20-mesh  granulated  quartz  with  5 
per  cent  of  its  weight  of  nickel  in  the  form  of  pure  nickel  nitrate 
hexahydrate,  and  0.1  per  cent  of  its  (quartz)  weight  of  thoria  as 
pure  thorium  nitrate,  dissolved  together  in  just  enough  hot  water 
to  coat  the  quartz  granules  uniformly.  The  mixture  was  then 
heated  in  a  casserole  over  a  Bunsen  flame  until  the  nitrates  were 
completely  decomposed  to  oxide.  About  20  grams  of  the  oxide- 
coated  quartz  granules  were  used  to  charge  the  tube.  After  re¬ 
duction  at  500°  C.  the  granules  of  quartz  were  uniformly  covered 
with  a  very  thin  deposit  of  nickel. 

The  platinized  quartz  cracking  surface  was  prepared  as  before 
(6),  while  the  nickelized  cracking  surface  was  prepared  in  the 
same  manner  as  the  supported  catalysts,  except  that  reduction 
was  finally  completed  at  1000°  C. 

The  method  of  analysis  was  in  general  similar  to  that  described 
elsewhere  ( 6 ),  except  that  the  rate  of  hydrogen  flow  was  reduced 
to  40  cc.  per  minute,  although  the  catalyst  temperature  remained 
at  350°  C.  The  time  of  analysis  may  well  be  extended  to  1.5 
hours  in  the  case  of  aromatic  sulfur  compounds.  After  reducing 
the  catalysts  for  24  hours,  the  blank  on  the  system  was  between 
0.5  and  1  mg.  per  half  hour.  The  blank  gradually  diminished 
during  successive  analyses. 

Discussion  of  Results 

The  results  of  analyses  made  by  the  foregoing  method 
upon  high-grade  organic  chemicals  containing  sulfur  are  given 
in  Table  I.  The  accuracy  of  the  analyses  is  in  general  better 
than  1  per  cent  relative  error,  which  is  about  the  order  of 
accuracy  obtained  in  previous  studies  (6,  7)  of  this  method. 

The  behavior  in  analysis  of  the  sulfur  compounds  studied 
divided  them  into  two  groups — aromatic  and  aliphatic — 
primarily  on  the  basis  of  their  cracking  characteristics.  The 
number  of  successive  analyses  possible  with  one  tube-filling 
depended  in  the  former  group  upon  the  capacity  of  cracking 
surface  present,  and  in  the  latter  group,  upon  the  amount  of 
catalyst  used.  Although  the  aromatics  as  a  group  were  more 
difficult  to  crack,  they  showed  definite  differences  among 
themselves  in  this  respect.  Thus  these  compounds  decreased 


Table  I.  Results  of  Analyses  by  Modified  ter  Meulen 

Method 


Weight 

of  Sulfur  Oxygen  Relative 

Substance  Quality  Sample  Calcd.  Found  Caled.  Error 

Gram  %  %  %  % 


Trional  TJ.  S.  P. 


CH3- 

C2H5' 


'SO2C2H5 

'SO2C2H6 


0.2103  26.47 

0.1848 
0.1024 
0.1909 
0.1147 
0.1228 


Ethyl  sulfite 


C2HsO 

C2H5O 


> 


SO 


Kahlbaum  0.1758  23.21 
0.1184 
0.1168 
0.1219 
0.1040 
0.1130 


Thiacetic  acid 
CHaCOSH 


Eastman  0.1030  42.14 

highest  0.1135 
purity  0.1198 
0.1091 


p-Xylenesulfonic 
acid  (dihydrate) 
CH3 


/\ 


S03H-2H20 


Eastman 

highest 

purity® 


\y 


CH3 


Di-p-tolyl  sulfox¬ 
ide 


CH; 


CH3< 


Eastman 

highest 

purity 


<d> 


0.1172  14.43 

0.1143 
0.1020 
0.1035 
0.1189 


0.2626  13.93 

0.2682 
0.2689 
0:2222 


Sulfobenzoic  an¬ 
hydride 


Diphenyl  sulfone 


Eastman 

highest 

purity 


Eastman 

highest 

purity 


0.1549  17.41 

0.1241 
0.1260 
0.1019 
0.1032 
0.1135 


0.4063  14.70 

0.4049 

0.3981 

0.3130 

0.3631 

0.3190 


26. 

29 

26. 

43 

-0.5 

26. 

.36 

-0.3 

26. 

39 

-0.2 

26. 

33 

-0.4 

26. 

58 

+0.6 

26. 

49 

+0.2 

34. 

89 

34. 

.77 

+0.3 

34 

.69 

-0.2 

34 

.61 

-0.5 

34. 

.85 

+0.2 

34 

.87 

+0.3 

34. 

.61 

-0.5 

21. 

,32 

21, 

.04 

+  1.3 

21. 

.09 

+0.2 

21. 

.07 

+0.1 

21. 

.18 

+0.7 

36. 

.06 

36 

.03 

+0.1 

35 

.85 

-0.5 

36. 

08 

+0.1 

36 

12 

+0.3 

35. 

92 

-0.3 

6.94  6.96 

-0.3 

6.93 

-0.4 

6.94 

-0.3 

6.92 

-0.6 

34 

.83 

34. 

.77 

+0.2 

34 

.81 

+0.1 

35. 

13 

+  1.0 

34. 

,98 

+0.6 

34. 

.63 

-0.4 

35. 

05 

+0.8 

14 

.79 

14. 

68 

+0.7 

14. 

,42 

-1.8 

14 

.86 

+  1.2 

14 

.46 

-1.5 

14. 

.69 

+0.1 

14. 

.68 

0.0 

0  Recrystallized  from  water. 


in  ease  of  cracking  in  the  following  order:  p-xylenesulfonic 
acid,  di-p-tolyl  sulfoxide,  sulfobenzoic  anhydride,  di-phenyl 
sulfone.  This  is  the  order  which  would  be  predicted  from  the 
work  of  Egloff  and  co-workers  ( 1 ).  This  work  emphasized 
the  function  of  side  chains  in  facilitating  the  cracking  of  aro¬ 
matic  compounds  by  furnishing  gaseous  olefins.  In  this 
way  the  number  of  methyl  groups  would  explain  the  relative 
positions  of  p-xylenesulfonic  acid  and  di-p-tolyl  sulfoxide, 
while  absence  of  side  chains  would  account  for  the  end  position 
of  diphenyl  sulfone.  The  intermediate  position  of  sulfobenzoic 
anhydride  may  be  attributed  possibly  to  a  direct  formation 
of  anthracene,  which  is  known  to  be  more  readily  decomposed 
than  benzene.  On  the  other  hand  the  fact  that  the  aliphatic 
compounds  which  contained  such  varied  sulfur  linkages  as 
co  c 0 

C—S— H,  >s/  ,  and  Ns=0  were  all  readily  cracked 
c/  V)  C— 0/ 

and  equally  satisfactory  to  analyze,  indicates  that  the  type 
of  sulfur  linkage  is  probably  not  an  important  factor  in 
determining  behavior  in  analysis. 

Conclusion 

On  the  basis  of  the  foregoing  work  it  has  been  shown  that 
organic  sulfur  compounds  of  various  types  can  also  be 
analyzed  by  the  method  as  modified  earlier  ( 6 ),  but  it  is 
recommended  that  a  quartz-supported,  thoria-promoted 
nickel  catalyst  be  used. 
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Photometric 


Determination 


of  Silicate  in 


Sea  Water 


REX  J.  ROBINSON  AND  HERBERT  J.  SPOOR 


Chemical  and  Oceanographic  Laboratories 

If  I  ^HE  colorimetric  method  of  Dienert  and  Wandenbulcke 
X  (4)  is  now  used  universally  for  the  determination  of 
silicate  in  marine  waters.  In  this  method  the  yellow  silico- 
molybdate  complex,  which  develops  quickly  in  a  sulfuric  acid 
solution,  is  compared  with  permanent  standards  prepared 
from  picric  acid.  The  quantity  of  picric  acid  in  the  stand¬ 
ards  as  recommended  by  Dienert  and  Wandenbulcke  has 
I  been  shown  to  be  erroneous  and  more  recently  has  been 
changed  ( 6 ,  7).  Winkler’s  method  (14),  which  utilizes  a 
hydrochloric  acid  solution  of  molybdate  for  the  reagent  and 
potassium  chromate  solutions  as  standards,  is  recommended 
by  the  American  Public  Health  Association  ( 1 ).  Steffens 
(9)  did  not  think  that  the  reddish  yellow  color  of  a  potassium 
chromate  solution  exactly  matches  that  of  the  silicomolybdate 
complex,  but  Swank  and  Mellon  (11),  after  completing  a  spec- 
trophotometric  investigation  of  both  picric  acid  and  potas¬ 
sium  chromate  standards,  concluded  that  potassium  chro¬ 
mate  standards  buffered  with  sodium  tetraborate  match 
very  well  and  are  preferable  to  the  picric  acid  standard. 
The  photometer  has  been  receiving  increasing  attention  in 
colorimetric  analysis  because  of  its  great  sensitivity,  its  re¬ 
moval  of  colors  which  interfere  with  the  normal  visual  method, 

■  the  elimination  of  color  standards,  and  the  ease  with  which  the 
-  factors  of  the  method  may  be  studied.  Strohecker,  Vaubel, 
and  Breitwieser  (10)  have  made  a  photometric  investigation 
of  the  Dienert  and  Wandenbulcke  method,  using  fresh 
waters.  The  authors’  paper  is  concerned  primarily  with  the 
photometric  determination  of  silicate  in  marine  waters. 

Preparation  of  Reagents  and  Standard  Solutions 

Standard  Silicate  Solution.  A  stock  solution  was  prepared 
by  dissolving  1.421  grams  of  Na2Si03-9H20  (theoretical  formula) 
in  silicate-free  distilled  water,  diluting  to  2  liters,  and  storing  in 
a  paraffined  bottle.  The  silicon  concentration  was  determined 
gravimetrically  (5),  acidimetrically  (8),  and  colorimetrically 
I  (7)  against  picric  acid  standards.  The  gravimetric  analysis, 

:■  showing  the  silicon  concentration  to  be  0.00281  mg.  at.  of  silicon 
per  ml.,  was  considered  to  be  the  most  accurate.  (Milligram 
atom,  abbreviated  mg.  at.,  is  defined  as  the  milligrams  of  the 
k  element  divided  by  its  atomic  weight.)  The  concentration  of 
i  this  stock  solution  was  checked  every  few  days.  From  this 
<  solution  was  prepared  by  dilution  a  standard  solution  containing 
0.000281  mg.  at.  of  silicon  per  ml. 

It  has  been  shown  (4,  5)  that  silicon  in  the  colloidal  form  is  not 
estimated  by  the  colorimetric  method.  The  fact  that  the 
analyses  by  the  acidimetric  and  colorimetric  methods  checked 
the  gravimetric  analysis  indicated  that  the  silicate  was  in  the 
0  crystalloidal  form. 

Synthetic  Sea  Water,  Silicate-  and  Phosphate-Free. 
Synthetic  waters  of  varying  chlorinity  were  prepared  by  diluting 
a  synthetic  water  of  a  chlorinity  of  19.00°/ oo-  This  stock  solution 
was  prepared  by  dissolving  per  liter  0.7455  gram  of  potassium 
chloride,  3.9066  grams  of  sodium  sulfate,  23.38  grams  of  sodium 
!  chloride,  5.000  grams  of  magnesium  chloride,  and  1.1097  grams 
of  calcium  chloride.  Pure  potassium  chloride,  sodium  sulfate, 


University  of  Washington,  Seattle,  Wash. 

and  sodium  chloride  were  weighed  directly.  Magnesium  chlo¬ 
ride  and  calcium  chloride  were  precipitated  as  carbonates  with 
sodium  carbonate  and  dissolved  with  a  calculated  quantity  of 
hydrochloric  acid.  The  previously  weighed  salts  were  diluted 
to  a  volume  of  1  liter.  This  solution  was  preserved  in  a  paraf¬ 
fined  bottle  to  prevent  silicate  contamination  from  the  glass. 

Standard  Phosphate  Solution.  Pure  dry  potassium  di¬ 
hydrogen  phosphate  (4.084  grams)  was  dissolved  in  distilled 
water  and  diluted  to  1  liter.  One  milliliter  contains  0.030  mg. 
at.  of  phosphorus.  Solutions  containing  0.0003  and  0.00003  mg. 
at.  per  ml.  were  prepared  by  dilution. 

Ammonium  Molybdate  Reagent.  Ten  grams  of  c.  p. 
(NH4)6Mo7024-4H20  were  dissolved  in  90  ml.  of  silicate-free 
distilled  water. 

Sulfuric  Acid  Solution.  A  6  A  solution  was  prepared  from 
concentrated  c.  p.  acid. 

Picric  Acid  Standard.  Vacuum-dried  picric  acid  (307.5 
mg.),  recrystallized  from  benzene  (13),  was  dissolved  in  dis¬ 
tilled  water  and  made  to  a  volume  of  1  liter.  Fifty  milliliters  of 
this  solution  were  diluted  to  a  volume  of  1  liter.  One  milliliter 
is  equivalent  to  0.0005  mg.  at.  of  silicon. 

Potassium  Chromate  Standard.  This  solution  was  pre¬ 
pared  according  to  Swank  and  Mellon  (11). 

Procedure 

Procedure.  To  a  100-ml.  sample  of  silicate  solution  are  added 
4  ml.  of  ammonium  molybdate  reagent  and  0.5  ml.  of  6  A 
sulfuric  acid.  After  standing  5  minutes  the  transmission  is 
determined  with  a  Zeiss  Pulfrich  (gradation)  photometer. 

Experimental 

The  measurement  of  the  transmissions  of  the  dilute  solu¬ 
tions  was  determined  with  a  25-cm.  absorption  cell;  distilled 
water  in  a  similar  cell  was  the  reference  standard.  A  5-cm. 
cell,  with  air  as  the  reference  standard,  was  used  with  the  more 
concentrated  silicate  solutions.  The  recorded  transmissions 
are  the  averages  of  the  drum  readings  before  and  after  inter¬ 
changing  the  standard  and  silicate  solutions  to  avoid  the 
possibility  of  error  from  unequal  illumination.  All  experi¬ 
mental  determinations  were  made  in  duplicate  at  least. 

Selection  of  Filter.  The  Zeiss  Pulfrich  (gradation) 
photometer  iso  equipped  with  filters,  each  having  an  effective 
range  of  250  A.  A  study  of  the  light  absorption  by  the  yellow 
silicomolybdate  in  synthetic  sea  water  containing  0.070  mg.  at. 
of  silicon  per  liter  showed  that  the  maximum  absorption  occurs 
in  the  violet  end  of  the  spectrum.  Therefore  the  S-43  filter 
with  average  wave  length  4300  A.  was  used  for  the  remaining 
measurements. 

Time  of  Color  Development.  The  intensity  of  the  yellow 
coloration  has  been  shown  to  be  somewhat  dependent  upon  the 
time  elapsed  after  development.  Dienert  and  Wandenbulcke 
thought  that  the  maximum  color  developed  within  10  minutes, 
but  that  fading  did  not  begin  for  3  or  4  hours.  Swartz  (12)  in¬ 
vestigated  this  factor  and  reported  that  the  maximum  color 
developed  instantly.  The  authors  found  that  photometrically 
the  full  color  development  occurs  within  3  minutes  and  does  not 
fade  for  at  least  2  hours. 

Temperature  Effect.  The  temperature  at  which  reaction 
takes  place  influences  the  intensity  of  color  formed  in  certain 
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[  Figure  1.  Photometric  Transmission  Curves  for 
Potassium  Chromate,  Picric  Acid,  and  Sodium  Silicate 

In  distilled  water  and  in  synthetic  sea  water,  using  a  25-cm.  cell. 
Concentrations  of  potassium  chromate  and  picric  acid  expressed  in 
terms  of  silicate  equivalencies. 


colorimetric  methods.  Thompson  and  Houlton  (13)  found  that 
temperature  had  no  appreciable  effect  on  the  development  of  the 
silicomolybdate  in  sea-water  solutions;  Brujewicz  (3),  also  work¬ 
ing  with  marine  waters,  asserted  that  1  to  2  per  cent  less  color 
formed  with  a  10°  to  15°  C.  lowering  of  temperature,  though 
the  authors  do  not  understand  how  his  method  of  determination 
possessed  such  an  accuracy.  The  temperature  effect  was  in¬ 
vestigated  photometrically  by  the  authors  for  both  distilled 
water  and  synthetic  sea-water  mediums  at  temperatures  of  22° 
and  6°  C.  No  difference  in  color  intensity  could  be  detected. 

Comparison  of  Color  Intensity  with  Winkler  and 
Wandenbulcke  Reagents.  A  repetition  of  the  work  of  Swank 
and  Mellon  (11)  with  fresh  waters  confirmed  their  findings  that 
the  Winkler  reagent  with  hydrochloric  acid  yielded  1.09  times 
as  much  color  for  the  same  amount  of  silicate  as  the  reagent  of 
Wandenbulcke  with  sulfuric  acid.  In  synthetic  sea  water  the 
color  intensity  was  essentially  the  same  with  either  reagent. 

Hydrogen-Ion  Concentration  and  Color  Intensity. 
Dienert  and  Wandenbulcke  studied  the  effect  of  acidity  upon 
the  reaction  and  noted  that  an  excess  of  acid  depressed  the  forma¬ 
tion  of  the  yellow  silicomolybdate  compound.  When  Atkins 
(2)  first  applied  the  method  to  marine  waters,  a  blue  coloration 
developed  with  the  acidity  that  Dienert  and  Wandenbulcke 
recommended  which  was  eliminated  only  when  the  hydrogen-ion 
concentration  was  decreased  to  a  pH  of  2.  Photometric  in¬ 
vestigation  of  the  effect  of  pH  demonstrated  that  the  maximum 
color  developed  in  the  synthetic  sea  water  between  a  pH  of  1.5 
and  2.3.  With  increasing  acidity,  slightly  less  color  was  developed. 

Calibration  Curves.  Silicate  in  fresh  water  has  been 
determined  photometrically  by  Strohecker  over  a  considerable 
range  of  concentrations  with  a  3-cm.  cell.  However,  many 
waters  contain  less  silicate  than  may  be  estimated  accurately 
with  a  cell  of  this  length.  For  such  wTaters  5-  and  25-cm. 
cells  possess  more  desirable  ranges.  Photometric  calibration 
curves  were  prepared  for  both  fresh  water  and  synthetic  sea¬ 
water  mediums  in  such  cells.  The  data  are  recorded  in 
Table  I  and  Figure  1.  Transmission  data  were  also  obtained 
for  picric  acid  and  potassium  chromate  at  these  concentrations 
to  permit  comparison  with  the  silicate  curves.  The  data 
have  not  been  included  in  this  paper,  but  the  transmission 
curves  for  the  25-cm.  cell  are  shown  in  Figure  1,  where  the 
concentrations  of  both  the  picric  acid  and  potassium  chromate 
standards  have  been  plotted  in  terms  of  their  silicate  equiva¬ 
lencies.  For  the  calibration  of  these  permanent  standards 
for  the  colorimetric  silicate  determination  reference  is  made 


to  the  work  of  King  and  Lucas  (6)  for  picric  acid  and  Swank 
and  Mellon  (11)  for  potassium  chromate. 

The  potassium  chromate  standards  were  buffered  with 
sodium  borate  according  to  the  directions  of  Swank  and  Mel¬ 
lon.  Comparison  of  the  various  curves  in  Figure  1  showed 
that  the  chromate  standards  agreed  more  closely  with  the 
silicate  solutions  in  distilled  water  than  did  the  picric  acid 
solutions.  Swank  and  Mellon,  after  their  spectrophoto- 
metric  investigation,  also  advised  the  use  of  the  buffered 
chromate  standards  in  preference  to  the  picric  acid  standards. 
Strohecker,  too,  observed  that  the  chromate  standards  agreed 
more  closely  with  the  silicate  than  picric  acid  above  10  mg. 
of  silicon  dioxide  per  liter,  though  below  this  concentration 
he  found  satisfactory  agreement. 

There  are  several  other  reasons  for  selecting  potassium 
chromate  rather  than  picric  acid  as  the  standard:  (1)  The 
equilibrium  in  the  buffered  solution  between  the  chromate 
and  the  dichromate  ions  ensures  a  definite  color  intensity. 
No  special  means  is  taken  to  regulate  the  equilibrium  be¬ 
tween  the  two  tautomeric  forms  of  picric  acid.  (2)  The 
purification  of  potassium  chromate  is  more  convenient. 
(3)  Since  the  absorption  per  gram  of  potassium  chromate  is 
less  than  for  picric  acid,  a  larger  weight  is  necessary  which 
lessens  the  error  involved  in  weighing.  (4)  Chromate 
solutions,  if  permitted  to  stand  in  glass  containers,  have  little 
effect  upon  glass  containers,  while  dilute  picric  acid  solutions 
often  become  contaminated  with  large  quantities  of  glass 
slivers. 

Beer’s  Law.  Normally  the  yellow  silicomolybdate  color 
of  the  unknown  solution  is  compared  with  permanent  stand- 


Table  I.  Transmission  Data  of  Sodium  Silicate  Solutions 


Silicon 

Reading  I 

—  Log  I /la 

Silicon 

Mg.  at. /I. 

k/mg.  at. 

Distilled  Water  Medium,  25-Cm.  Cell 

0.000 

100.0 

0.000 

0.004 

82.0 

0.086 

0.86 

0.010 

64.0 

0.194 

0.77 

0.016 

51.0 

0.292 

0.73 

0.030 

29.5 

0.530 

0.71 

0.044 

19.0 

0.721 

0.66 

0.058 

13.4 

0.873 

0.60 

0.072 

7.7 

1.114 

0.62 

0.086 

5.9 

1.230 

0.57 

0.100 

3.4 

1.469 

0.59 

0.114 

2.1 

1.668 

0.59 

0.128 

1.8 

1.757 

0.55 

0.142 

1.3 

1.886 

0.53 

Synthetic  Sea  Water,  Cl  = 

17.320/00.  25-Cm.  Cell 

0.000 

82.5 

0.000 

0.003 

76.7 

0.032 

0.43 

0.008 

60.0 

0.138 

0.69 

0.014 

50.0 

0.217 

0.62 

0.028 

33.7 

0.388 

0.55 

0.042 

24.2 

0.531 

0.51 

0.056 

18.5 

0.649 

0.46 

0.070 

11.2 

0.863 

0.49 

0.084 

8.6 

0.983 

0.47 

0.098 

5.7 

1.161 

0.47 

Distilled  Water,  5-Cm.  Cell 

0.000 

80.0 

0.007 

74.5 

0.032 

0.91 

0.018 

66.5 

0.070 

0.78 

0.030 

60.0 

0.125 

0.83 

0.056 

49.5 

0.209 

0.75 

0.086 

41.0 

0.290 

0.68 

0.114 

33.0 

0.384 

0.68 

0.142 

27.5 

0.464 

0.65 

0.170 

21.5 

0.570 

0.67 

0.199 

17.8 

0.652 

0.65 

0.227 

14.2 

0.751 

0.66 

0.256 

12.5 

0.807 

0.63 

0.283 

11.5 

0.843 

0.60 

Synthetic  Sea  Water,  Cl  = 

16.08°/ oo,  5-Cm.  Cell 

0.000 

73.0 

0.006 

68.2 

0.029 

0.97 

0.017 

63.2 

0.062 

0.73 

0.028 

58.2 

0.099 

0.71 

0.056 

52.5 

0.143 

0.51 

0.084 

43.7 

0.223 

0.53 

0.113 

36.3 

0.303 

0.54 

0.141 

31.1 

0.370 

0.52 

0.170 

27.3 

0.427 

0.50 

0.197 

23.1 

0.499 

0.51 

0.225 

20.2 

0.558 

0.50 

0.256 

17.0 

0.633 

0.49 

0.281 

15.0 

0.688 

0.49 
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ards  prepared  by  dilution  of  a  more  concen¬ 
trated  standard  solution.  Obviously  Beer’s 
law  is  assumed  to  apply  not  only  where  the 
permanent  standards  are  diluted,  but  also  to 
the  silicate  solution;  or  if  it  does  not  apply,  to 
deviate  identically  with  both  solutions.  The 
applicability  of  Beer’s  law  may  be  tested  by 
plotting  the  negative  logarithm  of  the  trans¬ 
mission  against  the  silicate  concentration.  If 
the  law  is  valid  a  straight  line  is  obtained. 

In  the  case  of  the  25-cm.  cell  a  definite  blank 
transmission  was  noted  when  the  synthetic  sea 
water  was  compared  with  the  distilled  water 
reference  standard.  With  the  5-cm.  cell, 
characteristic  blanks,  /0,  were  obtained  with 
both  distilled  water  and  synthetic  sea-water 
mediums,  since  air  was  the  reference  standard. 

To  bring  these  curves  to  a  more  comparable 
basis  all  the  original  transmissions,  I ,  were 
divided  by  the  blank  transmissions,  70.  It  is 
the  negative  logarithms  of  these  recalculated 
transmissions  which  have  been  plotted  in 
Figure  2.  Recalculation  did  not  change 
the  slope  of  the  curve,  but  merely  the  intercept. 

On  investigation,  Beer’s  law  was  found  to  apply  only  ap¬ 
proximately,  as  the  curves  were  not  perfectly  straight.  This 
was  particularly  true  for  concentrations  greater  than  0.20 
mg.  at.  of  silicon  per  liter.  For  concentrations  less  than  this, 
the  curves  deviated  but  slightly  from  a  straight  line.  The 
applicability  of  Beer’s  law  may  also  be  determined  from  an 
examination  of  the  specific  extinction  coefficient  per  milligram 
atom  fisted  in  column  four  of  Table  I.  The  specific  extinc¬ 
tion  coefficients  were  calculated  by  dividing  the  negative 
logarithm  of  the  transmission  by  the  cell  length  and  the  silicate 
concentration.  Beer’s  law  applies  if  the  specific  extinction 
coefficient  remains  constant  throughout,  which  was  not  the 
case  for  silicate.  The  values  for  the  distilled  water  medium 
show  general  agreement  with  those  of  Strohecker  when  they 
are  converted  to  a  common  basis. 

Salt  Effect.  It  was  also  noted  that  for  the  same  silicate 
concentration  less  sificomolybdate  color  developed  in  a  salt¬ 
water  medium  than  in  fresh  water.  The  effect  of  varying 
chlorinities,  7.00,  11.8,  16.08,  and  19.00%o,  was  determined 
using  the  5-cm.  cell.  Though  increasing  chlorinity  slightly 
diminished  the  intensity  of  the  sificomolybdate  color,  the 
effect  was  too  small  to  be  significant.  In  view  of  this  fact 
only  the  data  for  a  single  chlorinity  have  been  given  with  each 
cell — 17.32%ofor  the  25-cm.  cell  and  16.08%ofor  the  5-cm.  cell. 

A  measure  of  the  salt  effect  may  be  obtained  from  the  ratio 
of  the  slopes  of  the  curves  demonstrating  the  validity  of  Beer’s 
law  in  Figure  2.  The  fresh-water  curve  for  the  5-cm.  cell 
had  a  slope  of  3.49  and  the  salt-water  curve  3.01,  which  yielded 
a  ratio  of  1.16.  Approximately  the  same  value  was  obtained 
from  the  curves  with  the  25-cm.  cell.  This  value  is  consider¬ 
ably  lower  than  that  found  by  Brujewicz  and  Blinov  by 
another  method.  They  reported  a  correction  factor  of  1 .66  for 
the  salt  error,  which  is  a  value  larger  than  might  be  anticipated. 

All  previous  colorimetric  silicate  values  for  ocean  waters 
obtained  by  colorimetric  methods  are  then  too  low.  To  be 
•  corrected  they  should  be  multiplied  by  the  factor  1.16. 
With  low  silicate  values  the  correction  would  be  insignificant. 
However,  in  the  future  when  permanent  standards  are  to  be 
used  for  the  determination  of  silicate  in  marine  waters  it  is 
recommended  that  the  standard  be  adjusted  to  compensate 
the  salt  effect. 

Summary 

From  a  photometric  study  of  the  determination  of  silicate 
in  marine  waters,  it  was  concluded  that  (1)  the  maximum 


Negative  Logarithm  of  Transmission  Plotted  against  Silicate 
Concentration 
(Using  a  5-cm.  cell) 

sificomolybdate  color  develops  within  3  minutes  and  is  con¬ 
stant  for  at  least  2  hours;  (2)  a  variation  in  temperature  of 
10°  to  15°  C.  at  the  time  of  development  does  not  influence 
the  color;  (3)  the  maximum  color  is  developed  between  a 
pH  of  1.5  and  2.3;  (4)  in  marine  waters  the  reagents  of 
Winkler  and  Wandenbulcke  both  yield  the  same  color  intensity. 

The  maximum  absorption  occurs  with  a  filter  having  an 
average  wave  length  of  4300  A.  Calibration  data  are  given 
for  5-  and  25-cm.  cells.  Beer’s  law  was  found  to  apply  only 
approximately  over  the  range  of  concentrations  studied. 
Less  sificomolybdate  color  develops  in  a  saline  medium  than 
in  a  fresh-water  medium.  To  correct  previous  determinations 
which  are  somewhat  in  error,  a  factor  of  1.16  should  be  used. 
Potassium  chromate  solutions  are  recommended  rather  than 
picric  acid  if  permanent  standards  are  to  be  used. 
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Correction.  In  the  article  entitled,  “A  System  for  the 
Qualitative  Analysis  of  the  Alkaline  Earth  and  Alkali  Groups” 
[Ind.  Eng.  Chem.,  Anal.  Ed.,  8,  346  (1936)],  the  reagent  em¬ 
ployed  to  detect  magnesium  was  wrongly  called  p-hydroxv- 
benzene-azoresorcinol.  The  substance  used  was  p-nitrobenzene- 
azoresorcinol,  as  is  stated  in  the  section  on  procedure. 

Charles  H.  Greene 


Conductometric  Determination  of 
Enzyme  Activity 

B.  N.  SASTRI  AND  M.  SREENIVASAYA,  Indian  Institute  of  Science,  Bangalore,  India 


THE  possibility  of  utilizing 
changes  in  electrical  conduc¬ 
tivity  for  measuring  enzyme  ac¬ 
tivity  has  been  shown  by  the 
work  of  Sjoquist  (11),  Oker-Blom 
(10),  Henri  and  des  Bancels  (6), 
and  Bayliss  (1,  2).  More 
recently,  Northrop  (7,  8,  9)  in 
the  course  of  his  studies  has  uti¬ 
lized  the  method  for  (1)  estimat¬ 
ing  pepsin,  (2)  determining  the 
ionization  of  egg  albumin-hydro¬ 
chloric  acid  with  a  view  to  eluci¬ 
dating  the  dependence  of  hydrolysis  on  substrate  ionization, 
and  (3)  studying  the  kinetics  of  tryptic  digestion  in  relation 
to  its  mechanism.  Euler  (5)  has  employed  the  method  for 
studying  the  hydrolysis  of  glycylglycine.  Bayliss  (8)  has  sug¬ 
gested  the  possibility  of  employing  electrical  conductivity  for 
investigating  the  action  of  urease,  lipase,  and  the  glucosidase, 
myrosin,  but  does  not  report  any  investigation  relating  to 
these  systems. 

For  purposes  of  conductometric  estimation,  enzyme  reac¬ 
tions  can  be  classed  as  (1)  those  that  release  strong  elec¬ 
trolytes,  (2)  those  that  release  feebly  ionizing  ampholytes, 
and  (3)  those  that  give  rise  to  what  are  conventionally  known 
as  nonelectrolytes,  like  sugars.  Urea-urease,  sinigrin-myrosin, 
and  methylglyoxal-glyoxalase  are  among  those  comprising  the 
first  group,  while  the  protein-proteolytic  systems,  resulting 
in  the  production  of  amino  acids,  belong  to  the  second  group. 


ac- 


Changes  in  electrical  conductivity 
companying  the  enzyme  hydrolysis  of  urea, 
arginine,  and  peptone  have  been  measured. 
The  changes  are  shown  to  be  strictly  pro¬ 
portional  to  the  release  of  ammonium  car¬ 
bonate  in  the  first  two  systems  and  of 
amino  groups  in  the  third.  The  conducto¬ 
metric  method  finds  application  in  the  de¬ 
termination  of  enzyme  and  substrate  con¬ 
centrations  in  various  physiological  fluids. 


The  third  group  is  represented  by 
carbohydrases  and  the  majority 
of  glucosidases  which,  acting 
on  their  respective  substrates, 
release  sugars.  The  reactions 
belonging  to  the  first  group  are 
obviously  best  suited  for  con¬ 
ductometric  studies.  The 
second  group  reactions  offer  cer¬ 
tain  difficulties  and  impose  cer¬ 
tain  limitations  but  can  never¬ 
theless  be  followed  by  employing 
a  sensitive  device.  The  third 
group  reactions  which,  for  the  present,  lie  beyond  the  scope  of 
these  studies,  could  be  brought  within  their  scope  by  taking 
advantage  of  the  fact  that,  in  presence  of  borates,  arsenates, 
and  molybdates,  polyhydric  alcohols  like  sugars  exhibit  an 
increase  in  their  electrical  conductivity. 

The  strongest  objection  put  forward  against  the  employ¬ 
ment  of  this  method  is  that  the  reactions  cannot  be  studied  in 
buffered  systems.  For  determining  enzymic  activities,  we 
are  concerned  essentially  with  the  course  of  action  in  the 
initial  stages  when  the  disturbing  factors,  due  not  only  to  the 
changes  of  reaction  but  also  to  the  accumulation  of  products 
of  hydrolysis,  are  at  a  minimum.  During  this  period  the 
conductivity  method  is  perhaps  the  only  one  which  could  be 
applied  with  any  advantage,  since  it  is  capable  of  giving  a 
large  number  of  values  for  the  early  stages  of  the  reaction. 
Further,  there  are  reactions  where  very  little  change  occurs 

in  the  pH  of  the 


medium;  thus, 
Northrop  (9)  found 
that  at  pH  6.2  to  6.4 
the  hydrolysis  of 
gelatin  by  trypsin  is 
not  accompanied  by 
any  alteration  in 
pH.  The  presence 
of  electrolytes  in 
small  concentrations 
as  impurities  in  the 
reacting  mixture 
does  not  interfere 
with  the  measure¬ 
ments,  since  appro¬ 
priate  conductivity 
cells  can  be  chosen 
to  give  the  desired 
accuracy. 

In  common  with 
other  physical  meth¬ 
ods,  conductivity 
measurements  have 
the  advantage  of 
being  carried  out 
without  disturbing 
the  course  of  action 
and  can  be  made 
applicable  to  very 
small  quantities  of 
substrates. 
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Figure  3.  Correlation  Graphs 


Experimental 

The  present  communication  deals  with  a  conductometric 
study  of  urea-urease,  arginine-arginase-urease,  peptone- 
trypsin-kinase,  and  salicin-emulsin. 

For  the  measurement  of  conductivity  the  usual  Kohlrausch 
bridge  method  was  employed.  A  calibrated  Kohlrausch  slide 
wire,  a  4-dial  resistance  box,  and  an  Arrhenius-Ostwald  cell  formed 
the  components  of  the  circuit.  A  5-cc.  aliquot  of  the  substrate 
solution  was  all  that  was  necessary  for  the  work.  Platinized 
electrodes  were  employed  and  the  cell  was  immersed  in  a  water 
thermostat  electrically  maintained  at  30.0°  =*=  0.1°  C.  The 
audio  oscillator  (General  Radio  Co.)  giving  an  alternating  current 
with  a  frequency  of  1000  was  employed  as  the  source  of  high- 
frequency  current  and  a  telephone  receiver  was  used  for  detecting 
the  null  point.  The  capacitance  of  the  conducting  cell  was 
balanced  by  means  of  an  air-condenser  which  was  connected 
in  parallel  with  the  resistance  box.  Readings  were  taken  at  short 
intervals  at  the  commencement  of  the  reaction  and  later  at  longer 
intervals.  Experiments  with  larger  quantities  were  simultane¬ 
ously  carried  out  in  a  separate  reaction  vessel,  the  same  relative 
enzyme-substrate  concentration  being  employed.  Aliquots  of 
the  reaction  mixture,  withdrawn  from  the  reaction  vessel  at 
definite  intervals,  were  analyzed  and  the  course  of  the  reaction 
was  thus  followed  by  an  entirely  independent  chemical  method. 

Urea-Urease.  A  1  per  cent  solution  of  urea  (Kahlbaum)  and 
an  aqueous  solution  of  soya  urease  precipitated  by  acetone  were 
employed.  The  release  of  the  ammonium  carbonate  was  followed 
by  the  method  developed  by  Sastri  in  1935  (4),  which  consists  in 
titrating  aliquots  of  the  reaction  mixture  in  the  presence  of 
acetone  against  standard  alcoholic  hydrochloric  acid  (0.1  AT). 

Arginine- Arginase-U rease.  Arginine  carbonate  was  pre¬ 
pared  from  d-arginine,  a  solution  of  0.5  per  cent  being  saturated 
with  carbon  dioxide.  The  excess  of  carbon  dioxide  was  removed 
by  bubbling  electrolytic  hydrogen  through  the  solution.  The 
solution  of  arginine  carbonate  thus  obtained  showed  a  steady 
value  for  conductivity.  An  aqueous  extract  of  the  acetone- 
precipitated  liver  extract  of  a  ram  was  employed  as  the  source 
of  arginase.  By  using  an  excess  of  urease  an  almost  instantane¬ 
ous  hydrolysis  of  the  urea,  progressively  released  during  the 
decomposition  of  arginine,  was  secured  so  that  the  reaction  mix¬ 
ture  at  any  one  time  contained  only  ornithine  and  ammonium 
carbonate.  The  quantity  of  ammonium  carbonate  in  the  reac¬ 
tion  mixture  was  estimated  at  different  intervals  of  time  by  the 
titrimetric  method  referred  to  above. 

Peptone-Trypsin-Kinase.  A  1  per  cent  aqueous  solution 
of  Witte’s  peptone  (B.  D.  H.)  and  1  per  cent  solution  of  Pfanstiehl’s 
preparation  of  trypsin-kinase  were  employed.  The  proportion 
of  the  substrate  to  enzyme  was  10  to  1.  The  amino  groups  re¬ 
leased  during  the  hydrolysis  were  estimated  by  Linderstr0m 
Lang’s  titrimetric  method. 

Salicin-Emulsin.  A  1  per  cent  solution  of  salicin  and  an 
aqueous  extract  of  emulsin  (B.  D.  H.)  were  used.  The  sugar  re¬ 
leased  was  estimated  by  Bertrand’s  method. 

Discussion 

The  measurements,  both  conductometric  and  chemical, 
were  carried  out  for  at  least  two  enzyme  concentrations. 
The  results  of  one  set  of  experiments  are  graphically  repre¬ 
sented  in  Figure  1  (conductometric)  and  Figure  2  (chemical) . 


The  general  shape  of  the  two  corresponding  sets  of  curves 
indicates  that  the  kinetics  of  these  enzyme  reactions  can 
be  followed  conductometrically.  The  close  relation  between 
the  physical  and  chemical  methods  is  clearly  brought  out 
by  the  correlation  graphs  (Figure  3)  prepared  according  to 
the  method  previously  described  {12).  In  the  two  systems 
urea-urease  and  arginine-arginase-urease,  the  change  in  con¬ 
ductivity  is  essentially  due  to  the  release  of  ammonium  carbon¬ 
ate  and  this  is  strikingly  brought  out  in  the  graphs.  The 
correlation  graphs  (Figure  3)  for  urea-urease  and  arginine- 
arginase-urease  are  practically  identical.  The  change  in 
electrical  conductivity  per  millimole  release  of  amino  acid  can 
be  calculated  in  the  peptone-trypsin  system  also;  there  is  a 
correlation  between  the  change  in  conductivity  and  the  release 
of  amino  groups.  For  the  study  of  the  salicin-emulsin  system, 
however,  the  chemical  method  is  by  far  the  more  accurate, 
since  the  changes  in  conductivity  accompanying  the  system, 
although  easily  measurable  and  reproducible,  are  very  slight 
in  magnitude.  The  possibility  of  increasing  the  conductivity 
of  the  sugar  released  by  the  addition  of  borates  is  being  in¬ 
vestigated.  At  the  moment  the  conductometric  method,  so 
far  as  sugar-releasing  systems  are  concerned,  offers  no  special 
advantage  over  the  chemical  method. 
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Correction 

In  an  article  entitled  “The  Sampling  and  Analysis  of  Eggs” 
[Ind.  Eng.  Chem.,  Anal.  Ed.,  8,  377  (1936)]  the  authors  sub¬ 
mitted  a  glycerol  and  a  salt  method  with  the  statement  that 
“here  no  A.  O.  A.  C.  method  applies,”  and  it  has  been  called  to 
our  attention  that  this  would  imply  that  no  A.  O.  A.  C.  method 
is  available  for  these  analyses. 

This  is  not  the  case.  The  A.  O.  A.  C.  method  for  chlorine  on 
page  249  of  the  third  edition  of  the  “Methods  of  Analysis”  of  the 
association  may  be  revised  for  the  determination  of  salt  in  quan¬ 
tities  such  as  are  present  in  salt  yolk.  However,  the  time  re¬ 
quired  for  a  series  of  determinations  by  this  method  is  over  12 
hours  as  against  10  minutes  for  the  method  we  published.  Simi¬ 
larly  a  method  for  glycerol  published  (./.  Official  Agr.  Chem.,  15, 
334  (1932)]  and  tentatively  adopted  [Ibid.,  16,  74  (1933)  ]  requires 
6  hours  for  six  determinations  as  contrasted  with  1.5  hours  for  a 
similar  number  of  determinations  by  our  method. 

Since  our  purpose,  as  mentioned  in  the  third  paragraph  of  our 
paper,  is  to  give  rapid  methods  which  yield  reproducible  results, 
we  omitted  reference  to  the  above  A.  O.  A.  C.  methods  which  are 
not  suitable  for  plant  control  and  trust  that  no  ambiguity  will 
have  arisen  because  of  such  an  omission. 

W.  S.  Guthmann 
W.  L.  Terre 
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Free  Sulfur  in  Petroleum  Distillates 

Effect  of  Peroxides  upon  the  Copper-Strip  Method.  Quantitative  Method  for 

the  Determination  of  Free  Sulfur 

S.  COMAY,  356  West  34th  St.,  New  York,  N.  Y. 


Figure  1.  Apparatus  for  Determination  of  Free  Sulfur 

in  Gasoline 

A.  Inert  gas  supply  I.  Variable-speed  motor 

B.  Reducing  valve  J.  Trap  (100-cc.  Erlenmeyer) 

C.  3-Neck  liter  flask  K.  Three-way  stopcock 

D.  Dropping  funnel,  50  cc.  L.  Gas- washing  bottle  for  absorb- 

E.  Mercury  seal  ing  hydrogen  sulfide  filled 

F.  Condenser  with  ammoniacal  cadmium 

G.  Stirrer  chloride  solution 

H.  Pulley  M.  Gas  inlet  tube 


FREE  or  elementary  sulfur  is  present  in  nearly  all  cracked 
and  straight-run  gasolines,  but  its  presence  in  crude  oils 
has  not  been  established  generally. 

A  Pennsylvania  crude  oil,  which  had  the  usual  sulfur  content, 
was  analyzed  and  found  to  contain  no  hydrogen  sulfide,  free  sul¬ 
fur,  or  mercaptans.  When  about  50  per  cent  of  the  crude  oil 
had  been  taken  over  by  fire-distillation,  the  overhead  product 
contained  hydrogen  sulfide,  free  sulfur,  and  a  mercaptan  or  mer¬ 
captans  in  small  amounts.  Birch  and  Norris  (4)  report  that  when 
a  distillate  from  maidan-i-naftun  was  heated  to  120°  C.,  free 
sulfur  appeared  in  the  distillate.  This  finding,  if  true,  is  an  ex¬ 
traordinary  case  and  an  exception  to  the  rule,  unless  the  free 
sulfur  was  formed  by  oxidation  of  hydrogen  sulfide  in  the  re¬ 
ceiver.  If  free  sulfur  was  present  originally  in  the  crude  oil  or, 
as  these  authors  state,  was  a  product  of  decomposition  in  the 
liquid  phase  in  the  still,  it  would  not  distill  at  such  a  low  tempera¬ 
ture  and  concentration.  A  gasoline  to  which  0.10  per  cent  of 
sulfur  had  been  added  gave  no  free  sulfur  in  the  distillate  when 
the  vapor  temperature  had  reached  150°  C.  It  has  been  found, 
however,  that  sulfur  does  appear  at  a  vapor  temperature  of  200° 
if  the  distillation  is  conducted  rapidly.  The  partial  pressure  of 
sulfur  is  relatively  high  at  this  temperature  and  the  rapidity  of 
the  distillation  does  not  permit  the  sulfur  to  react  completely 
with  the  hydrocarbons.  These  distillations  were  conducted 
through  a  Hempel  column. 

Hoffert  and  Claxton  (11)  claim  that  free  sulfur  in  motor  ben¬ 
zene  distills  over  when  open  steam  is  used  at  100°  C.  Many 
steam  distillations  made  by  this  author  contest  this  assertion 
strongly.  A  gasoline  to  which  100  mg.  of  free  sulfur  per  100  cc. 
were  added  gave  no  elementary  sulfur  in  the  overhead  product 
when  it  was  steam-distilled  at  150°  to  160°  C. 

The  occurrence  of  free  sulfur  in  the  products  of  distillation 
of  a  sulfur-bearing  charging  stock  is  easily  explained  by  the 
results  obtained  by  Faragher,  Morrell,  and  Comay  (9)  in 
their  investigation  of  the  thermal  decomposition  of  organic 


sulfur  compounds.  Free  sulfur  may  also  appear  as  an  oxi¬ 
dation  product  of  hydrogen  sulfide  either  by  air-oxidation  or 
by  the  action  of  sulfur  dioxide.  The  presence  of  free  sulfur 
in  gasoline  finished  by  the  so-called  sweetening  process  is  too 
well  known  in  the  petroleum  industry  to  require  elaboration. 
Free  sulfur  in  any  motor  spirit  presents  a  serious  problem; 
it  is  very  corrosive  to  many  parts  of  the  fuel  system,  as  has 
been  shown  by  Hoffert  and  Claxton  (11)  i n  their  exhaustive 
investigation  of  the  corrosive  effect  of  elementary  sulfur  upon 
copper. 

Various  methods  have  been  proposed  for  the  quantitative 
determination  of  free  sulfur.  The  Ormandy  and  Craven 
method  (14),  modified  by  the  Institution  of  Petroleum  Tech¬ 
nologists  and  adopted  as  a  British  Standard  Method  (-5), 
yields  accurate  and  reproducible  results  and  is  perhaps  the 
best  so  far  proposed,  although  slow  and  tedious.  The  method 
is  based  on  the  conversion  of  free  sulfur  to  mercuric  sulfide 
by  shaking  with  mercury.  Recently  Gamer  (10)  proposed 
as  a  quantitative  method  for  the  determination  of  free  sulfur 
refluxing  the  gasoline  samples  in  the  presence  of  copper  bronze 
and  then  oxidizing  the  copper  sulfide  to  sulfate  by  bromine. 
The  sulfate  is  determined  as  barium  sulfate  in  the  usual 
manner. 

The  American  petroleum  industry  has  no  generally  used 
method  for  the  quantitative  determination  of  free  sulfur  but 
uses  the  qualitative  method  of  the  American  Society  for  Test¬ 
ing  Materials  (1),  known  as  the  copper-strip  method.  That 
the  copper-strip  method  is  not  reliable  has  been  demonstrated 
in  several  cases  by  Hoffert  and  Claxton  (11).  No  corrosive 
effect  upon  the  copper  was  observed  with  some  samples  of 
benzene  even  in  the  presence  of  over  5  mg.  of  free  sulfur  per 
100  cc.  These  investigators  attempt  to  explain  the  failure 
of  the  free  sulfur  to  corrode  under  the  conditions  of  the  test 
by  the  presence  of  impurities,  such  as  sulfur  dioxide,  dialkyl 
esters  of  sulfuric  acid,  sulfonic  acids,  etc.,  that  act  as  inhibitors. 
That  none  of  these  compounds  has  any  inhibitory  effect  has 
been  proved  in  actual  tests.  An  untreated  cracked  gasoline 
that  gave  a  positive  corrosion  test  by  the  copper-strip  method 
failed  to  do  so  after  several  weeks  of  standing.  A  considera¬ 
tion  of  this  phenomenon  led  to  the  conclusion  that  oxidation 
was  the  principal  change  that  had  occurred  in  the  sample  and 
that  its  products  were  involved  in  the  failure  of  the  test. 

It  was  later  found  that  no  indication  of  corrosion  was  shown 
on  the  copper  after  several  hours  at  100°  by  some  oxidized 
gasolines  to  which  100  mg.  of  free  sulfur  per  100  cc.  of  gasoline 
were  added.  But  when  the  gasolines  were  treated  with  sulfur 
dioxide  for  5  minutes,  washed  with  caustic  soda,  and  tested 
with  a  copper  strip,  heavy  corrosion  and  scaling  occurred 
after  a  few  minutes  at  room  temperature.  Brooks  (6)  to 
the  author’s  knowledge  was  first  to  employ  sulfur  dioxide  in 
detecting  the  presence  of  peroxides  in  gasoline.  The  same 
results  were  obtained  when  the  peroxides  were  reduced  with 
a  water-alcohol  solution  of  ferrous  sulfate.  A  series  of  experi¬ 
ments  was  made,  the  more  striking  results  of  which  are  given 
in  Table  I. 

After  this  work  was  almost  completed,  a  paper  by  Kiem- 
stedt  (12)  reported  that  peroxides  are  inhibitory  agents  in  the 
corrosive  action  of  free  sulfur  on  copper.  Although  peroxides 
were  found  to  be  the  inhibiting  agents  that  affect  the  cor¬ 
rosive  action  of  free  sulfur  upon  copper,  the  mechanism 


460 


NOVEMBER  15,  1936 


ANALYTICAL  EDITION 


461 


of  this  phenomenon  is  not  easily  understood,  especially  in 
the  light  of  the  results  obtained  by  Hoffert  and  Claxton  (11) 
concerning  the  composition  of  the  black  deposit  formed. 
They  found  that  it  consists  almost  entirely  of  cuprous  and 
cupric  sulfides.  They  report  that  in  the  absence  of  impurities 
that  act  as  inhibiting  agents  the  deposit  from  pure  benzene 
and  sulfur  approximates  cupric  sulfide  in  composition,  while 
those  formed  by  the  action  of  crude  benzenes  on  copper  con¬ 
tain  a  much  larger  proportion  of  the  cuprous  compound. 
Hoffert  and  Claxton  say  that  this  difference  is  “probably 
explained  by  the  later  discovery  that  the  presence  of  other 
impurities  in  the  benzene  tended  to  inhibit  the  action  of  free 
sulfur  on  copper.”  It  is  rather  beyond  possibility  that 
peroxides,  which  are  the  true  inhibitory  impurities,  should  act 
as  reducing  agents  in  the  reaction  between  copper  and  sulfur. 

It  must  be  emphasized  that  the  accumulations  of  peroxides 
will  cause  the  A.  S.  T.  M.  method,  known  as  the  copper-strip 
test,  to  fail  to  show  the  presence  of  free  sulfur.  On  the  other 
hand,  the  mercury  test  alone  cannot  be  used  as  a  qualitative 
test  for  free  sulfur,  since  it  was  shown  by  Kingzett  (13)  and 
Antropoff  (2)  that  peroxides  give  a  black  deposit  with  mercury. 

It  follows,  therefore,  that  in  order  to  show  qualitatively  the 
presence  of  free  sulfur,  the  peroxides  in  the  sample  of  gasoline 
must  be  reduced.  The  reduction  is  readily  accomplished 
either  by  sulfur  dioxide  or  an  aqueous  solution  of  ferrous  sul¬ 
fate  to  which  alcohol  is  added.  The  sample  may  then  be 
tested  either  with  mercury  or  by  the  copper  strip. 

It  follows  that  the  method  proposed  by  Garner  for  the 
quantitative  determination  of  free  sulfur  will  fail  in  case  of 
aged  or  oxidized  gasolines,  and  if  this  method  is  used  the 
gasoline  must  first  be  reduced  to  eliminate  the  peroxides. 


Table  I. 

Inhibitory 

Effect  of  Peroxides  upon  Action 

No.  of 
Expt. 

of 

Solution 
Sulfur  Peroxide 

Sulfur  on  Copper 

Effect  on 

Copper  Strip 

Time 

1 

Mg.  . 

100 

Mg./ 100  cc. 

None  Discoloration 

Instantaneous 

2 

50 

None 

Discoloration 

Almost  instantane¬ 

3 

50 

50 

No  discoloration  at 

ous 

After  2  hours 

4a 

75 

25 

212°  F. 

No  discoloration  at 

After  15  minutes 

4b 

75 

25 

212°  F. 

Slight  spotty  discol¬ 

After  2  hours 

5a 

87.5 

12.5 

oration  at  212°  F. 

No  discoloration  at 

After  5  minutes 

5b 

87.5 

12.5 

212°  F. 

Discoloration  at  212°  F. 

After  15  minutes 

6 

95 

5 

Discoloration 

Instantaneous  scal¬ 

7 

90 

10 

Discoloration 

ing  after  5  minutes 
Instantaneous 

For  reducing  the  peroxides,  sulfur  dioxide  or  a  water-alcohol 
solution  of  ferrous  sulfate  was  mentioned.  The  question 
arose  of  using  nascent  hydrogen — subjecting  the  oxidized 
gasoline  to  the  action  of  zinc  and  hydrochloric  acid.  The 
answer  was  soon  obtained  by  an  actual  test  with  the  oxidized 
sample  of  gasoline  to  which  100  mg.  of  free  sulfur  per  100  cc. 
were  added  and  which  failed  to  give  the  corrosive  test  in  the 
copper-strip  test.  Not  only  were  the  peroxides  reduced  but 
the  free  sulfur  also  was  reduced  to  hydrogen  sulfide.  There¬ 
fore,  this  ready  reduction  of  free  sulfur  by  nascent  hydrogen 
can  be  easily  utilized  for  a  quantitative  method  of  free  sulfur 
in  gasoline  or  any  other  motor  fuel. 

Quantitative  Method  for  Determination  of 
Free  Sulfur 

The  principle  underlying  the  newly  proposed  method  for 
the  quantitative  determination  of  free  sulfur  is  in  reality 
based  upon  the  discovery  by  Cloez  (7)  in  1858  that  hydro¬ 
chloric  acid  and  zinc,  aluminum,  or  iron  convert  free  sulfur 
suspended  in  water  into  hydrogen  sulfide.  Cossa  (8)  ob¬ 
tained  the  same  conversion  of  free  sulfur,  suspended  in  water, 
into  hydrogen  sulfide  by  electrolysis  of  the  water. 


It  has  been  found  that  the  action  of  nascent  hydrogen  in 
converting  free  sulfur  dissolved  in  gasoline  is  very  rapid  and 
complete.  Therefore,  it  was  not  difficult  to  devise  an  ap¬ 
paratus  in  which  the  hydrogen  sulfide  could  be  formed 
and  driven  out  readily  from  the  gasoline  into  an  ammoniacal 
solution  of  cadmium  chloride.  Titration  with  iodine  solu¬ 
tion  by  the  usual  analytical  procedure  was  used  to  determine 
the  hydrosulfide. 

When  zinc  dust  and  hydrochloric  acid  were  used,  although 
all  the  sulfur  present  was  converted  into  hydrogen  sulfide  and 
all  the  sulfide  was  driven  out  from  the  apparatus,  low  results 
were  obtained  in  most  of  the  tests  made,  especially  when  a 
large  amount  of  zinc  dust  was  used.  This  was  found  to  be 
due  to  zinc  sulfide  suspended  between  the  gasoline  and  acid 
layers.  For  this  reason,  iron  powder,  reduced  by  hydrogen, 
was  used.  The  results  are  given  in  Table  II. 

Table  II.  Quantity  of  Sulfur  Determined  by  Reduction 


Sulfur 

Sulfur 

Sulfur 

Sulfur 

Used 

Found 

Used 

Found 

Mg. 

Mg. 

Mg. 

Mg. 

10 

9.92 

3 

3.01 

10 

9.83 

3 

3.04 

10 

9.92 

3 

3.01 

5 

4.98 

2 

1.98 

5 

4.96 

2 

2.03 

5 

4.95 

An  experiment  with  a  solution  of  2  per  cent  di-isoamyl 
disulfide  gave  no  hydrogen  sulfide,  but  mercaptans  were 
formed  as  a  result  of  the  reduction. 

Description  of  Apparatus 

The  apparatus  consists  of  a  cylinder  supplying  hydrogen  or 
nitrogen  through  A,  connected  by  rubber  tubing  to  a  glass  in¬ 
let  tube,  M,  that  nearly  reaches  the  bottom  of  the  flask,  C.  The 
stopper  holds  also  dropping  funnel  D,  leading  almost  to  the  bot¬ 
tom  of  three-neck  round-bottomed  flask  G.  Through  the 
central  neck  of  the  flask  the  stirrer,  G,  supplied  with  mercury 
seal  E  is  inserted;  the  remaining  side  neck  of  C  is  used  for 
condenser  F,  connected  by  glass  tubing  to  trap  J  (serving  for 
trapping  any  gasoline  that  may  be  swept  out  from  G),  which  is 
connected  by  glass  and  rubber  tubing  to  three-way  stopcock  K 
and  then  to  gas-washing  bottle  L. 

Procedure 

The  synthetic  solutions  of  free  sulfur  were  made  in  a  naphtha 
that  had  an  initial  boiling  point  of  about  135°  C.  Five  grams  of 
iron  reduced  by  hydrogen  (containing  0.03  per  cent  of  sulfur)  were 
placed  in  three-neck  flask  C  and  the  sample  of  naphtha  was 
added.  The  apparatus  was  then  closed,  the  stirrer,  G,  started, 
and  hydrochloric  acid  (1  to  4)  added  in  several  portions  through 
the  dropping  funnel,  D.  Usually,  40  cc.  of  the  hydrochloric  acid 
are  more  than  enough.  As  soon  as  the  acid  covers  the  reduced 
iron,  gas  is  evolved.  The  addition  of  the  acid  is  stopped  until 
the  evolution  of  the  gas  ceases,  then  acid  is  added  and  the  pro¬ 
cedure  repeated.  After  10  or  15  cc.  of  acid  have  been  added,  the 
precipitate  of  cadmium  sulfide  in  the  gas-washing  bottle,  L,  ap¬ 
pears.  After  all  the  acid  has  been  added  the  iron  will  have  dis¬ 
appeared.  Inert  gas  from  A  is  allowed  to  bubble  through  the 
liquids  in  flask  C,  which  are  heated  to  about  80°  C.  In  order  to 
determine  whether  or  not  the  hydrogen  sulfide  has  been  driven 
out,  gas  is  released  through  the  cock,  K,  and  is  tested  with  cad¬ 
mium  chloride  solution. 

The  complete  test  requires  less  than  20  minutes.  After 
the  test  is  completed,  the  gasoline  in  C  must  be  tested  for 
free  sulfur  by  shaking  with  mercury  and  for  hydrogen  sulfide 
with  lead  acetate  paper.  Obviously,  running  blank  tests  for 
the  sulfur  content  in  the  reduced  iron  powder  is  a  precaution 
not  to  be  avoided.  Cleaner’s  naphtha  free  from  elementary 
sulfur  may  be  readily  used  in  the  above  procedure  for  the 
determination  of  sulfur  in  the  reduced  iron.  Since  the  per¬ 
centages  of  free  sulfur  in  petroleum  distillates  are  small,  it 
would  be  advisable  to  use  the  purest  obtainable  iron  powder, 
reduced  by  hydrogen. 
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In  order  to  utilize  this  method  for  determining  elementary- 
sulfur  present  in  gasoline,  the  following  procedure  is  sug¬ 
gested  : 

Two  hundred  cubic  centimeters  of  the  gasoline  to  be  tested  are 
vacuum-distilled  till  about  50  per  cent  comes  over.  The  sulfur 
determination  is  then  made  on  the  residue  and  the  result  ob¬ 
tained  is  calculated  as  milligrams  of  sulfur  per  100  cc.  of  gasoline. 

Birch  and  Norris  (3)  stated  that  a  copper-corroding  sub¬ 
stance  is  obtained  when  a  petroleum  distillate  containing  a 
mercaptan  is  treated  with  sulfuric  acid.  They  found  that  this 
substance,  dialkyltrisulfide,  on  reduction  with  zinc  and  hydro¬ 
chloric  acid,  yields  a  mercaptan  and  hydrogen  sulfide.  There¬ 
fore,  in  order  to  analyze  an  acid-treated  distillate  for  free  sulfur, 
the  quantity  of  hydrogen  sulfide  which  will  be  formed  by  re¬ 
duction  of  such  substances  must  be  deducted  from  the  total 
amount  of  hydrogen  sulfide.  This  can  readily  be  accomplished 
by  treating  a  sample  of  the  distillate  to  be  analyzed  for  free 
sulfur  with  mercury  for  the  purpose  of  removing  the  free  sulfur. 
The  sample  thus  treated  is  then  analyzed  by  the  above  de¬ 
scribed  method  for  the  corrosive  trisulfide,  and  the  amount  of 
hydrogen  sulfide  obtained  is  then  subtracted  from  the  total 
hydrogen  sulfide. 


All  the  experimental  data,  with  the  exception  of  the  results 
contained  in  Tables  I  and  II,  were  obtained  in  the  laboratories 
of  the  Houdry  Process  Corporation  at  Paulsboro,  N.  J.  The 
writer  expresses  his  appreciation  for  the  permission  to  pub¬ 
lish  these  results,  and,  especially,  feels  indebted  to  W.  F. 
Faragher  for  his  suggestion  that  peroxides  must  be  the  in¬ 
hibitors  which  affect  the  corrosive  action  of  sulfur  on  copper. 
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Metal  Extractor  for  Laboratory  Use 

J.  M.  LEMON,  F.  P.  GRIFFITHS,  and  M.  E.  STANSBY 
Technological  Laboratory,  U.  S.  Bureau  of  Fisheries,  College  Park,  Md. 


IN  THE  course  of  chemical  and  biochemical  studies  and 
analyses,  it  is  frequently  necessary  to  extract  various 
quantities  of  such  materials  as  wheat  germ,  casein,  or  protein 
meals.  The  usual  glass  apparatus  found  in  laboratories  is 
rather  difficult  to  set  up  so  as  to  form  a  continuous  extractor. 
Soxhlet  and  other  extractors  are  not  ordinarily  of  sufficient 
size  to  permit  use  of  large  samples.  McCay  (2)  and  Bryant 
(I)  have  described  apparatus  which  work  well  for  relatively 
large  amounts  of  material  (20  to  50  pounds). 

As  no  simple  and  inexpensive  apparatus  for  the  con¬ 
tinuous  extraction  of  from  1  to  5  pounds  of  material  was  found 
listed  in  various  scientific  catalogs,  the  extractor  illustrated  in 
Figure  1  was  designed  for  use  in  this  laboratory.  Two  are 


Figure  1.  Extraction  Apparatus 

A.  Cream-setting  can 

B.  Cover  with  copper  coil 

C.  Inside  container  for  material 

D.  Siphon  tube 

The  apparatus  assembled  for  use  is  shown  on  the  right. 


now  in  use  and  have  proved  to  be  efficient  and  to  require  very 
little  attention. 

A  is  a  20-quart  cream-setting  can,  9  inches  in  diameter  and  20 
inches  high,  supplied  with  a  cover  which  fits  closely  over  the  top 
and  2  inches  down  the  side.  The  condenser,  B,  consists  of  a 
15-foot  spiral  of  soft-copper  tubing  0.25  inch  in  outside  diameter 
and  is  soldered  inside  this  cover,  approximately  even  with  the 
bottom  edge  of  the  lid.  In  bending  this  type  of  tubing,  it  is  neces¬ 
sary  to  fill  it  with  some  material  which  will  prevent  its  collapsing; 
in  this  instance,  the  tubing  may  first  be  filled  with  fine  dry  sand 
and  the  ends  tightly  stopped.  After  the  bending  is  completed, 
the  sand  is  easily  removed  by  lightly  tapping  the  tubing  and  re¬ 
volving  the  coil  at  the  same  time. 

The  container  for  the  material,  C,  is  made  by  removing  the 
bottom  of  a  5-pound  ether  can.  A  copper  siphon  tube,  D,  is 
soldered  through  the  cap  of  the  can  and  bent  so  that  the  top  of 
the  siphon  loop  is  about  two-thirds  up  the  side  of  the  container. 
The  end  of  the  siphon  extends  about  2  inches  below  the  side  of 
the  can.  The  extractor  is  supported  by  an  ordinary  iron  labora¬ 
tory  tripod,  the  legs  of  which  have  been  cut  to  a  length  of  7  inches. 
The  tripod  is  kept  in  place  by  three  U-strips  of  tin  soldered  to  the 
can. 

A  wire  gauze  is  placed  in  the  bottom  of  container  C  and 
over  this  is  laid  a  layer  of  cotton;  C  is  then  filled  with  the 
material  to  be  extracted  and  placed  inside  the  large  can,  A. 
About  one  and  one-half  times  as  much  solvent  is  added  as 
is  necessary  for  the  operation  of  the  siphon.  After  setting 
the  lid  in  place  and  starting  a  good  flow  of  water  through  the 
coil,  the  can  is  set  on  a  three-heat,  600-watt  electric  heater. 
When  using  alcohol  or  acetone  the  heater  is  turned  on  high, 
but  with  ether  it  is  advisable  to  use  medium  or  low  heat. 

The  cost  of  materials  for  constructing  this  apparatus,  not 
including  the  heater,  is  less  than  three  dollars. 
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Solutions  for  Colorimetric  Standards 

VII.  Aqueous  Solutions  of  Salts  of  Elements  23  to  29 


C.  T.  K.ASLINE  WITH  M.  G.  MELLON,  Purdue  University,  Lafayette,  Ind. 


AN  INSPECTION  of  the  Bohr  form  of  the  periodic  table 
of  the  chemical  elements  reveals  the  interesting  fact  that 
the  elements  forming  colored  ions  in  aqueous  solution  include 
those  assigned  to  the  so-called  transition  group,  together  with 
a  few  others  situated  adjacent  to  or  near  them.  Thus  we 
find  no  color  until  element  22  (Ti)  is  reached.  It  continues 
then  through  the  successive  elements,  23  to  29  (V,  Cr,  Mn, 
Fe,  Co,  Ni,  Cu),  disappearing  sharply  with  30  (Zn). 

Aqueous  solutions  of  certain  salts  of  part  of  these  elements 
have  been  used  for  various  colorimetric  purposes  in  a  number 
of  different  ways.  Their  use  in  colorimetric  analysis  has  been 
reviewed  before  (1,  4,  5,  6).  Most  of  the  applications  have 
been  in  the  preparation  of  permanent  standards  for  use  in 
determining  substances  whose  properties  are  such  as  to  pro¬ 
hibit  their  own  use  for  comparison  solutions.  Thus  the 
1933  edition  of  the  American  Public  Health  Association’s 
‘‘Standard  Methods  of  Water  Analysis”  specifies  such  in¬ 
organic  standards  for  the  determination  of  color,  ammonia, 
chlorine,  iron,  and  silica. 

In  determining  the  specifications  for  such  a  series  of  stand¬ 
ards,  the  general  practice  has  been  to  match  a  known  amount 
of  the  constituent  to  be  determined  with  a  solution  containing 
one  or  more  of  the  substances  forming  colored  ions.  The 
match  has  usually  been  made  on  the  basis  of  visual  compari¬ 
son  of  the  two  systems.  It  frequently  happens  that  solutions 
appearing  to  be  matched  with  the  eye  yield  quite  different 


Figure  1.  Spectral  Transmission  Curves  for  Red 
and  Purple  Solutions  Containing  Salts  of  Cobalt 
or  Manganese 


spectral  transmission  curves.  Then,  if  the  two  systems  are 
observed  under  a  source  of  illumination  having  a  spectral 
energy  distribution  distinctly  different  from  that  of  the  source 
used  for  the  original  matching,  the  systems  may  not  appear 
matched. 

In  view  of  the  present  usage  of  such  systems  for  colorimetric 
standards  and  of  the  possibility  of  applying  them  to  some  of 
the  many  new  colorimetric  methods,  it  seemed  worth  while 
to  make  a  more  exhaustive  study  of  the  characteristics  of 
various  systems  showing  promise  of  possible  usefulness  in 
this  direction.  The  present  work  was  limited'  to  elements 
23  to  29,  together  with  cerium,  and  was  confined  to  compounds 
that  seemed  most  likely  to  be  of  value. 

Many  previous  studies  have  been  made  on  the  absorption 
spectrum  of  solutions  of  these  compounds.  In  general,  the 
objective  of  the  work  was  different,  and  usually  the  methods 
of  measurement  employed  were  not  capable  of  giving  the 
quality  of  results  now  obtainable  with  photoelectric  instru¬ 
ments. 

Experimental  Work 

Materials.  Wherever  it  was  feasible,  the  salts  to  be  used 
were  recrystallized  at  least  twice  from  conductivity  water,  and 
the  latter  was  used  to  make  all  solutions.  Concentrations  were 
determined  by  standard  analytical  methods.  The  best  analytical 
practice  was  followed  in  preparing  solutions  of  potassium  per¬ 
manganate  and  ceric  sulfate,  the  latter  being  made  from  a  double 


Figure  2.  Spectral  Transmission  Curves  for  Yellow 
Solutions  Containing  Salts  of  Vanadium,  Chromium, 
Cerium,  or  Iron 

(The  formula  for  the  vanadium  compound  is  uncertain.) 
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Figure  3.  Spectral  Transmission  Curves  for  Green 
Solutions  Containing  Salts  of  Nickel,  Copper,  or 
Chromium 


Figure  5.  Spectral  Transmission  Curves  for  Different 
Concentrations  of  Tetrammino  Nickel  Sulfate  and 
Chloropentammino  Cobalt  Chloride 
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Figure  4.  Spectral  Transmission  Curves  for  Rlue 
Solutions  Containing  Salts  of  Copper,  Cobalt,  Nickel, 
or  Vanadium 


ammonium  sulfate.  A  c.  p.  grade  of  vanadium  pentoxide,  free 
of  iron,  was  dissolved  in  concentrated  sulfuric  acid  and  then  di¬ 
luted  in  making  the  yellow  solutions.  The  blue  solutions  of 
vanadyl  sulfate  were  made  by  suspending  vanadium  pentoxide  in 
hydrochloric  acid  and  bubbling  sulfur  dioxide  or  hydrogen  sulfide 
through  the  solution  to  accomplish  the  reduction.  The  solution 
was  then  filtered,  analyzed,  and  diluted.  Ferric  chloride  was 
made  by  passing  chlorine  over  hot  iron  wire  and  subliming  the 
product. 

Apparatus.  The  photoelectric  spectrophotometer,  built  by 
the  General  Electric  Company,  has  been  described  by  Hardy  (2). 
The  method  of  use,  together  with  advantages  of  the  instrument, 
was  outlined  in  a  previous  paper  by  the  authors  (3). 

Data.  Since  spectral  transmission  curves  reveal  the  colori¬ 
metric  characteristics  of  a  system  more  quickly  than  tabular 
data,  the  graphical  method  has  been  used  here,  plotting  per 
cent  transmittancy  as  ordinates  and  wave  length  as  abscissas. 
All  data  were  calculated  to  a  basis  of  10.0-mm.  cell  thickness. 

Figures  1  to  5  illustrate  the  results  obtained.  In  Figures 
1  to  4  the  curves  are  grouped  according  to  the  following  hues : 
reds  and  purples,  yellows,  greens,  and  blues.  Each  curve  is 
one  of  a  series  for  different  concentrations  at  a  given  acidity, 
or  the  same  concentration  at  different  acidities.  Figure  5 
shows  a  limited  selection  of  curves  from  two  such  series. 

Discussion 

The  curves  as  such  require  little  comment.  The  systems 
selected  for  measurement  and  the  range  of  acidities  covered 
in  the  solutions  seemed  most  likely  to  include  those  of  value. 
Thus,  interesting  solutions,  such  as  the  alkali  ferrates  and 
cupric  thiocyanate,  were  not  considered  worth-while  possi¬ 
bilities,  but  potassium  permanganate  was  included  because 
of  its  unique  characteristics.  Someone  may  discover  how  to 
stabilize  it. 
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The  pronounced  effect  of  variations  in  acidity  is  shown  for 
solutions  such  as  cupric  chloride  and  bromide  and  cobalt 
chloride.  Presumably  this  depends  upon  the  extent  to  which 
complex  ions  are  formed.  While  certain  other  complexes 
were  included,  such  as  tetrammino  cupric  sulfate  and  chloro- 
pentammino  cobaltic  chloride,  no  attempt  was  made  to  ex¬ 
haust  the  possibilities  among  the  large  number  of  complex 
compounds  of  cobalt  or  chromium. 

While  a  solution  containing  trivalent  chromium  is  a  de¬ 
sirable  green,  the  system  becomes  somewhat  dichromatic  and 
the  hue  changes  toward  the  violet  on  standing,  with  the 
ultimate  attainment  of  equilibrium.  At  the  higher  acidities, 
the  change  is  retarded. 

As  any  data  obtained  for  ferric  chloride  merely  corrobo¬ 
rated  those  presented  in  an  earlier  report,  they  are  not  in¬ 
cluded  here. 


Summary 

Spectral  transmission  curves  are  presented  for  the  visual 
region  for  aqueous  solutions  of  ceric  sulfate  and  of  various 
salts  of  elements  from  atomic  number  23  to  29.  These  in¬ 
clude  a  considerable  range  of  concentrations  and  acidities. 
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Determination  of  Iodine  and  Bromine  in  the 

Presence  of  Each  Other 

LADISLAUS  SPITZER,  Peterdi  ucca  II,  Budapest,  Hungary 


IT  IS  WELL  known  that  bromine  is  a  more  powerful  oxidiz¬ 
ing  agent  than  iodine.  Formic  acid,  for  example,  is  not 
oxidized  by  iodine,  as  is  apparent  from  the  nature  of  Romijn’s 
method  for  determining  formaldehyde  (I);  bromine,  on  the 
other  hand,  oxidizes  not  only  the  acid  but  also  the  formates 
to  form  carbon  dioxide  (2)  as  is  indicated  in  the  equations 

HCOOH  +  Br2  =  C02  +  2  HBr  (1) 

HCOONa  +  Br2  =  C02  +  HBr  +  NaBr  (2) 


On  the  basis  of  these  reactions  and  the  well-known  ability 
of  bromine  to  displace  iodine  from  an  iodide,  it  appeared  pos¬ 
sible  to  establish  methods  (1)  for  the  determination  of  iodine 
and  bromine  in  the  presence  of  each  other,  and  (2)  for  the  de¬ 
termination  of  iodide  in  the  presence  of  bromide. 

1.  Sodium  formate  is  added  to  one  aliquot  portion  of  the  solu¬ 
tion  of  bromine  and  iodine;  after  the  bromine  has  been  reduced 
to  bromide,  the  iodine  is  titrated  with  standard  thiosulfate  solu¬ 
tion.  Potassium  iodide  is  added  to  a  second  aliquot  portion  of 
the  solution  and  the  total  iodine  is  titrated  with  thiosulfate  solu¬ 
tion.  The  quantity  of  bromine  may  be  calculated  from  the  dif¬ 
ference  between  the  two  titrations. 

2.  The  iodide  in  a  mixture  of  bromides  and  iodides  is  liberated 
by  adding  bromine;  the  excess  of  bromine  is  reduced  by  adding 
sodium  formate  solution  and  the  iodine  is  then  titrated  with 
thiosulfate. 

Experimental 

Iodine  Solution.  Iodine  (1.542  grams)  was  dissolved  in 
25  per  cent  potassium  bromide  solution  and  diluted  to  1  liter 
with  the  potassium  bromide  solution.  Ten  milliliters  of  the 
solution  were  equivalent  to  12.1  ml.  of  0.01  N  sodium  thio¬ 
sulfate. 

Bromine  Solution.  Bromine  (1.052  grams)  was  made  up 
to  1  liter  with  25  per  cent  potassium  bromide  solution.  Ten 
milliliters  of  the  solution  were  equivalent  to  13. 1  ml.  of  0.01  N 
sodium  thiosulfate. 

Potassium  Iodide.  Potassium  iodide  (1.82  grams)  was 
made  up  to  1  liter  with  potassium  bromide  solution  (25  per 
cent). 

Sodium  Formate  .  A  5  per  cent  solution  was  prepared  from 
formic  acid  that  had  been  purified  by  distillation  and  from 
sodium  hydroxide  of  reagent  grade.  The  sodium  formate 
was  purified  by  recrystallization. 


Procedure  for  Bromine  in  the  Presence  of  Iodine 

From  0.25  to  0.35  gram  of  the  substance  to  be  tested  is  weighed 
and  made  up  to  250  ml.  in  a  25  per  cent  potassium  bromide  solu¬ 
tion.  Two  25-ml.  portions  of  this  solution  are  placed  in  flasks 
and  each  portion  is  diluted  to  100  ml.  To  one  of  the  aliquots  is 
added  1  to  1.5  ml.  of  the  5  per  cent  sodium  formate  solution. 
The  flask  is  shaken  vigorously  and  then  allowed  to  stand  for  10 
minutes.  The  solution  is  then  titrated  with  sodium  thiosulfate 
solution,  using  starch  indicator.  The  second  aliquot  is  treated 
with  5  ml.  of  10  per  cent  potassium  iodide  solution  and  then  the 
amount  of  thiosulfate  that  is  equivalent  to  the  sum  of  the  bro¬ 
mine  and  the  iodine,  is  determined  by  titration. 

The  procedure  was  tested  by  preparing  mixtures  contain¬ 
ing  from  1  to  20  ml.  of  each  of  the  halogen  solutions.  The 
amount  of  the  sodium  formate  solution  ranged  from  0.5  to 
2  ml.  and  the  excess  of  sodium  formate  from  24  to  82  mg. 
Each  mixture  of  the  bromine  and  iodine  solutions  was  diluted 
to  100  ml.  A  period  of  10  minutes  was  allowed  for  the  in¬ 
teraction  of  the  bromine  and  the  sodium  formate  in  each  case. 
From  2  to  4  ml.  of  10  per  cent  potassium  iodide  were  used 
prior  to  titrations  for  the  sum  of  bromine  and  iodine.  The  re¬ 
sults  are  summarized  in  Table  I. 

Table  I.  Determination  of  Bromine  and  Iodine  in  the 
Presence  of  Each  Other 


o.oi  o.oi 
N  Thio-  AT  Thio- 


Iodine 

Bromine 

sulfate 

sulfate 

Iodine 

Bromine 

Present 

Present 

for  l2 

for  Br2 

Found 

Found 

Mg. 

Mg. 

Ml. 

Ml. 

Mg. 

Mg. 

15.35 

10.47 

12.10 

25.15 

15.35 

10.43 

23.02 

5.23 

18.10 

24.65 

22.97 

5.23 

15.35 

5.23 

12.05 

18.60 

15.29 

5.23 

23.02 

1.04 

18.15 

19.45 

23.03 

1.04 

7.67 

15.70 

6.05 

25.65 

7.67 

15.70 

7.67 

20.94 

6.00 

32.25 

7.61 

20.98 

1.53 

10.47 

1.20 

14.25 

1.52 

10.43 

The  pH  ranged  from  3.0  to  6.9,  depending  upon  the  amount 
of  bromine  present.  This  variation  does  not  appear  to  have 
affected  the  accuracy  of  the  results. 

The  presence  of  sodium  formate,  even  if  in  tenfold  excess 
over  the  theoretical  amount,  does  not  affect  the  accuracy  of 
the  determination  of  iodine.  The  sodium  formate  must  be 
pure. 
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Determination  of  Iodide  in  the  Presence  of 
Bromide 

Procedure.  From  0.35  to  0.5  gram  of  the  substance  to  be 
tested  is  made  up  to  250  ml.  with  water;  25  ml.  are  pipetted  out 
and  diluted  to  100  ml.;  10  ml.  of  1  per  cent  bromine  dissolved  in 
potassium  bromide  solution  are  added;  then  2  ml.  of  5  per  cent 
sodium  formate  solution  are  run  in.  The  mixture  is  shaken  well 
and  allowed  to  stand  for  10  minutes.  Finally  the  iodine  is  ti¬ 
trated  with  thiosulfate  solution  in  the  usual  manner. 

The  procedure  was  tested  on  measured  portions  of  the  po¬ 
tassium  iodide  solution.  The  iodide  content  was  found  from 
the  amount  of  dried  Merck  pro  analysi  grade  potassium  iodide, 
which  had  been  examined  gravimetrically.  The  excess  of 
bromine  added  ranged  from  91  to  232  mg.  and  the  final  excess 
of  sodium  formate  was  from  22.4  to  144.5  mg.  The  results 
are  given  in  Table  II. 


Table  II.  Determination  op  Iodide  in  the  Presence  op 


Bromide 

0.01  N 

Iodine 

Sodium 

Iodine 

Present 

Thiosulfate 

Found 

Mg. 

Ml. 

Mg. 

13.91 

10.95 

13.81 

6.95 

5.45 

6.91 

27.82 

21.85 

27.79 
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Determination  of  Arsenic  in  Silver  Arsenate 

AUSTIN  POMERANTZ  and  WALLACE  M.  McNABB 
The  John  Harrison  Laboratory  of  Chemistry,  University  of  Pennsylvania,  Philadelphia,  Pa. 


A  METHOD  of  determining  silver  by  titration  with 
standard  potassium  iodide  in  the  presence  of  starch  and 
ceric  ions  has  recently  been  described  (1).  This  procedure 
can  be  extended  to  the  determination  of  arsenic  by  means  of 
the  above  titration  after  precipitation  as  silver  arsenate  and 
its  subsequent  solution  in  nitric  acid.  This  method  gives 
excellent  results  but  cannot  be  applied  in  the  presence  of 
interfering  elements  such  as  phosphorus,  vanadium,  molyb¬ 
denum,  tungsten,  and  sexivalent  chromium.  The  precipita¬ 
tion  of  silver  arsenate  and  the  determination  of  its  silver  con¬ 
tent  by  the  Volhard  method  is  a  procedure  frequently  em¬ 
ployed  in  the  analysis  of  arsenic  compounds,  particularly 
arsenic  ores  (S).  The  use  of  the  potassium  iodide  method 
instead  of  the  Volhard  titration  eliminates  the  necessity  of 
frequent  standardizations.  Standard  potassium  iodide  can 
be  easily  prepared  by  a  direct  weighing,  while  the  thiocyanate 
solution  must  be  standardized  against  pure  silver  or  silver 
nitrate. 

Various  methods  have  been  described  for  the  precipitation 
of  silver  arsenate  from  solutions  of  alkali  arsenates.  pH  con¬ 
trol  is  the  important  factor;  the  precipitation  will  not  be 
complete  if  the  pH  is  too  low,  and  if  too  high  there  will  be  a 
co-precipitation  of  silver  oxide.  The  procedure  recommended 
is  that  given  by  Hillebrand  and  Lundell  (2) .  Because  of  the 
solubility  of  the  precipitate  in  cold  water,  the  procedure  was 
modified  by  washing  with  a  saturated  solution  of  silver 
arsenate.  When  this  precaution  was  not  taken  the  results 
were  consistently  low. 

Analytical  Procedure 

From  0.04-  to  0.23-gram  samples  of  pure  dry  potassium 
dihydrogen  arsenate  were  transferred  into  400rcc.  beakers.  The 
salt  was  dissolved  in  100  cc.  of  water  and  the  solution  acidulated 
with  nitric  acid.  To  this  was  added  enough  0.1  A  silver  nitrate 
to  give  an  excess  of  approximately  10  cc.,  and  then  just  enough 
of  a  10  per  cent  solution  of  sodium  hydroxide  to  produce  a 
turbidity.  Dilute  nitric  acid  was  added  drop  by  drop  until  the 
solution  became  clear,  and  then  the  silver  arsenate  was  precipi¬ 
tated  by  the  dropwise  addition  of  10  cc.  of  a  saturated  solution 
of  sodium  acetate.  The  solution  was  heated  to  boiling  to  coagu¬ 
late  the  precipitate. 


After  cooling,  the  solution  was  filtered  and  the  precipitate 
washed  by  decantation  with  a  saturated  solution  of  silver 
arsenate  until  a  portion  of  the  filtrate  gave  only  a  faint  opales¬ 
cence  with  hydrochloric  acid.  This  opalescence  was  to  be  ex¬ 
pected  because  of  the  silver  ions  already  present  in  the  wash 
solution.  The  precipitate  was  then  dissolved  from  the  filter 
with  approximately  30  cc.  of  warm  2  A  nitric  acid  followed  by 
several  washings  with  hot  water.  This  solution  was  caught 
in  the  beaker  in  which  the  precipitation  was  made.  Sufficient 
6  A  sulfuric  acid  was  added  to  make  the  solution  about  1  to  2  A 
with  respect  to  this  acid.  To  this  were  added  3  cc.  of  a  0.5  per 
cent  starch  solution  and  3  drops  of  an  approximately  0.1  A  ceric 
ammonium  sulfate  solution.  The  volume  before  the  titration 
was  made  ranged  from  120  to  150  cc.  The  solution  was  titrated 
with  0.1  A  potassium  iodide  solution  to  a  permanent  blue-green 
end  point.  A  blank  titration  was  made  under  the  same  conditions, 
omitting  the  silver  nitrate. 


Table  I.  Determination  of  Arsenic 


KHjAsOi 

AS2O6  Calculated 

As206  Found 

Difference 

Gram. 

Gram 

Gram 

Gram 

0.0448 

0.0286 

0.0285 

-0.0001 

0.0899 

0.0574 

0.0573 

-0.0001 

0.1352 

0.0863 

0.0864 

+0.0001 

0.1803 

0.1151 

0.1154 

+0.0003 

0.2251 

0.1437 

0.1436 

-0.0001 

Summary 

A  method  is  described  for  the  determination  of  arsenic  in 
silver  arsenate  by  titration  of  the  silver  with  potassium 
iodide,  using  ceric  ammonium  sulfate  and  starch  as  internal 
indicators.  When  the  silver  arsenate  is  washed  free  of  silver 
nitrate  with  cold  water,  an  appreciable  error  is  introduced 
due  to  the  solubility  of  the  precipitate.  This  may  be  cor¬ 
rected  by  using  a  saturated  solution  of  silver  arsenate  for  the 
washing. 
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Determination  of  Mercury 

An  Indirect  Volumetric  Method  Based  upon  a  Critical  Study  and  Improvement 
of  the  Bichromate-Pyridine  Method  of  Spacu  and  Dick 
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BRIGGS  ( 1 )  prepared  and  described  pyridine-bichromate 
complexes  of  the  ions  of  Cu,  Ni,  Co,  Zn,  Mn,  Ag,  Hg, 
and  U.  All  these  complexes  are  more  or  less  insoluble. 

Spacu  and  Dick  (8)  have  recommended  the  precipitation 
and  weighing  of  mercury  as  [HgPy2]Cr207.  In  their  hands 
this  method  gave  excellent  results.  It  seemed  feasible  to 
titrate  the  dichromate  in  the  precipitate  either  with  a  stand¬ 
ard  reducing  agent  or  iodometrically.  Such  a  titration 
would  have  a  very  favorable  factor,  since  the  equivalent  of 
mercury  in  any  titration  of  this  sort  is  Hg/6.  The  washing 
technic  proposed  by  Spacu  and  Dick  has  been  found  to  be 
successful  through  a  compensation  of  errors,  and  a  less  empiri¬ 
cal  method  has  been  devised  for  this  part  of  the  procedure. 

Preparation  of  Materials 

Reagent  grade  mercuric  chloride  was  used  as  the  material  for 
analysis.  Analysis  of  this  salt  after  drying  at  110°  C.  gave  by 
the  method  of  Spacu  and  Dick  73.91  and  73.80  per  cent  of  mer¬ 
cury  and  by  the  method  of  Caley  and  Burford  (8)  73.83  and  73.99 
per  cent.  Theory  requires  73.88  per  cent.  The  material  was  ac¬ 
cordingly  used  without  further  purification. 

Merck’s  “reagent”  pyridine  and  ammonium  dichromate  of  the 
same  quality  were  used  throughout  the  investigation.  It  was 
found  more  convenient  to  add  10  ml.  of  a  solution  containing  20 

i  grams  of  ammonium  dichromate  per  100  ml.  instead  of  2  grams  of 
the  solid  salt  as  recommended  by  the  original  investigators.  [It 
is  desirable  to  use  pure  pyridine  of  the  correct  boiling  point 
(115.2°  C.).  Very  erratic  results  may  be  obtained  if  the  pyri¬ 
dine  contains  other  organic  bases.] 

Approximately  0.1  If  solutions  of  ferrous  ammonium  sulfate 
and  of  sodium  thiosulfate  were  prepared  from  reagent  grade  salts 
and  standardized  against  triply  recrystallized  potassium  di- 
chromate  according  to  established  procedures.  In  the  case  of  the 
former  solution,  the  standardization  was  done  just  before  use, 
and  the  method  of  determining  the  end  point  was  the  same  as  that 
to  be  used  for  the  titration  of  the  mercury  salt.  The  potassium 
iodide  used  in  the  iodo metric  titrations,  although  slightly  yellow 
in  color,  gave  no  color  with  starch  either  in  neutral  or  in  acid 
solution. 

Two  wash  solutions  were  required.  The  first,  used  to  transfer 
the  precipitate  to  the  filtering  crucible,  contained  0.5  gram  of 
ammonium  dichromate  and  0.5  ml.  of  pyridine  per  liter;  the 
second,  for  washing  out  the  above  liquid,  was  made  by  adding  12 
ml.  of  water  to  88  ml.  of  95  per  cent  alcohol.  If  the  gravimetric 
method  is  to  be  used,  a  third  wash  mixture  containing  1  drop  of 
pyridine  per  10  ml.  of  absolute  alcohol  is  used.  The  residue  of 
this  wash  solution  is  removed  from  the  precipitate  prior  to  weigh¬ 
ing  by  washing  with  ether. 

The  indicator  solutions  were  freshly  prepared  1  per  cent 
“soluble”  starch  and  1  per  cent  diphenylamine  in  concentrated 
sulfuric  acid. 

Precipitation  of  Mercury  as  [HgPy2]  Cr2C>7.  The 
precipitation  of  mercury  as  [HgPy2]Cr207  was  done  exactly 
as  described  by  Spacu  and  Dick.  The  procedure  is  in  brief 
as  follows: 

Individual  samples  of  mercuric  chloride  were  weighed  into 
250-ml.  beakers  and  dissolved  in  140  ml.  of  water.  When  dis- 
i  solved,  10  ml.  of  ammonium  dichromate  solution  were  added. 
The  addition  of  1  ml.  of  pyridine  to  the  solution,  while  stirring 
it  vigorously,  precipitated  the  bright  yellow  compound  which 
after  standing  10  minutes  was  filtered  through  a  glass  crucible. 
The  precipitate  was  transferred  completely  to  the  crucible  with 
t  the  dichromate  pyridine  solution,  and  then  washed  six  to  eight 
:  times  with  2-  to  3-ml.  portions  of  80  per  cent  alcohol  to  remove  the 
,  excess  dichromate.  It  is  important  that  the  walls  of  the  crucible 


as  well  as  the  precipitate  be  washed  with  this  liquid.  The  crucible 
was  then  placed  in  a  drying  oven  for  15  to  20  minutes  to  remove 
the  alcohol.  Failure  to  do  this  always  resulted  in  low  values,  due 
to  reduction  of  the  dichromate  by  the  alcohol  when  the  precipitate 
was  dissolved  in  acid.  The  procedure  to  this  point  is  common  to 
each  of  the  three  volumetric  methods. 

Conventional  volumetric  methods  for  the  titration  of 
bichromate  were  applied  after  the  precipitate  had  been  dis¬ 
solved.  For  the  potentiometric  method  with  ferrous  sulfate 
and  for  the  iodometric  method,  50  ml.  of  1.2  A  hydrochloric 
acid  were  used  in  small  portions  to  dissolve  the  precipitate; 
the  acid  was  2.4  N  in  the  other  case.  The  solutions  which 
were  titrated  with  ferrous  sulfate  contained  20  ml.  of  25 
per  cent  phosphoric  acid,  and  the  initial  volume  was  approxi¬ 
mately  100  ml.  Typical  results  by  three  methods  are  pre¬ 
sented  in  Table  I. 

Table  I.  Determination  of  Mercury  by  Titration  of  the 
Solution  of  [HgPy2]Cr2C>7 

Potentiometric  Titration  with  Ferrous  Sulfate 

HgClj  present,  gram  0.1236  0.2755  0.0871  0.1301  0.1322  0.1952 

HgClz  found,  gram  0.1235  0.2752  0.0868  0.1300  0.1321  0.1946 

Titration  with  Ferrous  Sulfate;  1%  Diphenylamine  Indicator 
HgCh  present,  gram  0.1398  0.1741  0.0875  0.1487  0.1275 

HgCh  found,  gram  0.1397  0.1732  0.0872  0.1488  0.1272 

Liberation  of  Iodine  and  Back-Titration  with  Thiosulfate 
HgCh  present,  gram  0.0909  0.1138  0.1026  0.1874  0.2263 

HgCh  found,  gram  0.0906  0.1137  0.1027  0.1869  0.2261 

Diphenylamine  sulfonic  acid  was  also  tried  as  indicator  in¬ 
stead  of  diphenylamine,  but  the  color  change  was  erratic  and 
the  end  point  could  not  be  determined  with  precision. 

Use  of  Acetone  for  Washing  and  Drying  [HgPy2]- 
Cr207.  On  the  average,  results  by  all  methods  are  somewhat 
too  low.  A  check  of  the  various  steps  in  the  procedure  re¬ 
vealed  that,  even  after  twenty  washings  with  80  per  cent  alco¬ 
hol,  this  wash  liquid  always  had  a  faint  yellow  tinge,  indicat¬ 
ing  the  removal  of  dichromate  from  the  precipitate.  In  no 
case,  however,  could  mercury  be  detected  in  these  washings 
with  either  hydrogen  sulfide  or  stannous  chloride.  In  spite 
of  Spacu  and  Dick’s  insistence  that  the  complex  compound  is 
insoluble  in  all  wash  liquids  recommended,  a  steady  loss  of 
weight  was  observed  each  time  the  precipitate  was  washed 
with  80  per  cent  alcohol : 

First  weight  of  precipitate,  gram  0.2750  0.3072 

After  7  more  washings,  gram  0.2741  0.3062 

After  another  7  washings,  gram  0.2733  0.3055 

The  density  of  the  alcohol  agreed  with  that  given  in  the 
original  paper;  the  solution  was  only  slightly  acid,  showing 
a  pH  of  approximately  6  with  nitrazine  paper.  To  deter¬ 
mine  whether  the  slight  acidity  might  be  responsible  for  the 
solubility  of  the  compound,  some  alcohol  was  left  standing 
over  calcium  oxide  for  20  hours  and  then  distilled  from  the 
oxide.  This  was  diluted  to  a  specific  gravity  of  0.849  with 
boiled  water.  The  washings  with  this  liquid  were  still  yel¬ 
low,  however,  even  after  fourteen  washings.  The  addition 
of  a  drop  of  pyridine  to  10  ml.  of  the  alcohol  did  not  decrease 
the  yellow  tint  of  the  washings.  The  results  with  95  per  cent 
alcohol  were  no  better. 

Acetone,  on  the  other  hand,  apparently  dissolved  the  com¬ 
pound  only  to  a  slight  extent,  for  the  washings  showed  no 
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color.  The  following  weights  of  precipitate  were  obtained  on 
successive  washings : 

Initial  weight,  gram  0.5627  0.3675 

After  6  washings  with  acetone,  gram  0.5625  0.3672 

After  6  more  washings,  gram  0.5625  0.3671 

After  6  more  washings,  gram  0.5624  0.3671 

The  greater  difference  between  the  first  and  second  weights 
may  in  part  be  due  to  the  condensation  of  moisture  on  the 
crucible  while  the  weights  were  being  adjusted;  in  subsequent 
weighings  the  weights  were  placed  on  the  pan  of  the  balance 
before  removing  the  crucible  from  the  desiccator.  But  even 
disregarding  this  possibility,  it  is  evident  that  the  compound 
is  much  less  soluble  in  acetone  than  in  80  per  cent  alcohol. 
The  use  of  acetone  has  several  advantages  over  the  series  of 
wash  liquids  recommended  by  Spacu  and  Dick.  It  removes 
the  adhering  ammonium  dichromate  as  readily  as  the  alcohol, 
and  since  acetone  is  almost  as  volatile  as  ether,  the  use  of  ab¬ 
solute  alcohol  and  ether  is  unnecessary  when  the  gravimetric 
method  is  used.  The  procedure  adopted  was  to  wash  six 
to  eight  times  with  ordinary  acetone  after  the  precipitate  had 
been  transferred  and  washed  with  the  ammonium  dichromate- 
pyridine  solution.  Air  was  then  drawn  through  the  crucible 
for  5  minutes  to  evaporate  the  acetone,  after  which  the  cru¬ 
cible  was  wiped  with  a  clean  cloth  and  placed  in  a  vacuum  des¬ 
iccator  for  10  to  15  minutes.  Gravimetric  and  iodometric 
results  when  acetone  was  used  as  a  final  wash  liquid  are  shown 
in  Table  II.  These  results  are  not  as  superior  to  those  ob¬ 
tained  with  the  alcohol  wash  as  had  been  expected.  It  may 
be  that  in  the  presence  of  the  dichromate  which  adheres  to 
the  precipitate  little  or  none  of  the  precipitate  dissolves  and 
that  the  six  to  eight  washings  recommended  are  just  sufficient 
to  remove  this  excess  completely  without  dissolving  any  ap¬ 


preciable  quantity  of  the  precipitate.  Such  an  assumption 
would  account  for  the  excellent  results  reported  by  Spacu 
and  Dick.  It  appears,  however,  that  acetone  is  the  more 
advantageous  wash  liquid,  if  for  no  other  reason  than  that  by 
its  use  three  washing  mediums  may  be  replaced  by  one. 


HgCl, 

Table  II. 

Results  with  Acetone 
HgCh  Volume  of 

HgCh 

Weight  of 

Found 

0.0975  N 

Found 

Taken 

[HgPy2]Cr2C>7  (from  col.  2) 

Na2S2(>3  (from  col.  4) 

Gram 

Gram 

Gram 

ML 

Gram 

0.1443 

0.3057 

0.1444 

32.76 

0.1445 

0.1792 

0.3785 

0.1788 

40.53 

0.1788 

0.1619 

0.3421 

0.1616 

36.69 

0.1619 

0.1579 

0.3338 

0.1577 

35.69 

0.1575 

0.2654 

0.5625 

0.2657 

60.07 

0.2650 

0.1733 

0.3672 

0.1735 

39.25 

0.1732 

Summary 

Mercury  may  be  determined  indirectly  by  precipitating 
[HgPy2]Cr207  and  titrating  the  dichromate  in  the  precipitate. 
The  titration  may  be  effected  iodometrically  or  with  ferrous 
sulfate,  either  potentiometrically  or  with  diphenylamine  as 
indicator.  The  importance  of  the  use  of  pure  pyridine  is 
emphasized.  The  substitution  of  acetone  for  the  wash  liquids 
previously  proposed  simplifies  and  improves  the  washing 
technic. 
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GONSTANT-volume  dialyzers  previously  described  are  of 
two  main  types.  The  first  is  the  “pressure  dialyzer” 
(I),  while  the  second  involves  the  “evaporation  method” 
technic  which  depends  upon  evaporation  to  maintain  (or 
attain)  the  original  volume.  A  weakness  of  the  first  lies  in  the 

fact  that  the  final 
volume  is  usually 
found  to  have  in¬ 
creased,  as  it  is  diffi¬ 
cult  to  fill  the  dialyz¬ 
ing  sac  initially  to 
the  distended  condi¬ 
tion  it  attains  at  the 
end  of  the  dialysis. 
The  second  method 
may  be  criticized  be¬ 
cause  deposited 
material  on  the  sides 
of  the  container  may 
become  irreversible; 
and  because  of  the 
effect  of  atmos¬ 
pheric  gases,  and  of 
temperature  if  heat 
is  used  as  an  aid  in 
evaporating.  The 


latter  point  is  frequently  overlooked,  although  it  is  well  known 
that  many  metal  oxide  hydrosols  undergo  extensive  changes 
upon  heating  {2-5). 

To  overcome  these  difficulties,  a  simple  and  practical  con¬ 
stant-volume  dialyzer  has  been  developed  in  these  labora¬ 
tories.  Details  are  shown  in  the  figure. 

A  bottle  of  the  type  illustrated  is  fitted  with  a  two-hole  rubber 
stopper.  A  membrane,  wide  enough  to  fit  tightly  over  the  stop¬ 
per  chosen  and  long  enough  just  to  touch  the  bottom  of  the  bottle 
when  the  stopper  is  tightly  inserted,  is  used.  Through  the  rub¬ 
ber  stopper  pass  an  inlet  tube  extending  to  the  bottom  of  the 
dialyzing  sac,  and  an  outlet  tube.  The  liquid  to  be  dialyzed  is 
placed  in  the  bottle,  the  distended  membrane,  filled  with  distilled 
water  supplied  from  a  source  3  feet  above  the  table,  is  inserted, 
and  the  bottle  is  tightly  stoppered.  Care  should  be  taken  to  ex¬ 
clude  air  bubbles.  Distilled  water  is  then  passed  through  the 
dialyzing  tube  at  any  desired  rate. 
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THE  determination  of  the 
particle  size  of  finely  divided 
materials  by  sedimentation 
analysis  has  been  carefully  in¬ 
vestigated  by  Oden  (8,  6,  7). 

The  method  is  based  on  Stokes’ 
law,  which  gives  the  relation  be¬ 
tween  the  velocity  of  a  particle 
and  its  radius  when  falling  in  a 
fluid  medium  under  the  influence 
of  a  constant  force,  usually 
gravity.  He  obtained  a  curve 
by  plotting  the  weight  of  ac¬ 
cumulated  sediment  as  ordinate 
against  time  as  abscissa  and 
from  this  the  particle  size  and 
particle-size  distribution  were 
calculated.  Although  not  the 
first  to  use  Stokes’  law  in  this 
connection,  Oden  contributed 
the  graphical  method  for  the 
determination  of  particle-size 
distribution  from  the  accumu¬ 
lation  curve.  A  condensed  report  of  the  extensive  researches 
by  Oden  and  others  on  this  subject  is  given  in  Alexander’s 
“Colloid  Chemistry”  (7). 

Instead  of  measuring  the  weight  of  sediment  accumulated, 
Wiegner  ( 9 )  measured  the  decrease  in  the  density  of  the 
suspension  with  an  apparatus  that  would  be  very  similar  to 
the  one  shown  in  Figure  1  if  all  parts  above  the  center  stop¬ 
cock,  F,  were  removed.  The  large  tube  contained  the 
suspension  and  the  small  manometer  tube  the  suspending 
liquid.  Since  the  density  of  the  suspension  is  greater  than 
that  of  the  pure  liquid,  the  meniscus  in  the  manometer  tube 
will  stand  at  a  higher  level  than  that  in  the  sedimentation 
tube.  As  the  particles  settle  and  pass  the  opening  to  the 
stopcock,  D,  their  effect  on  the  density  is  lost  and  the  dif¬ 
ference  in  the  level  between  the  two  columns  gradually  de¬ 
creases. 

It  is  not  desirable  to  use  a  suspension  containing  more  than 
1  per  cent  of  solids  (10  grams  per  liter)  in  any  sedimentation 
analysis.  If  this  concentration  is  used,  it  is  evident  from  a 
simple  calculation  that  the  rise  in  Wiegner’s  manometer  tube 
will  not  exceed  1  cm.  even  for  the  most  dense  materials. 
Kelly  (5)  has  magnified  this  movement  in  the  manometer 
tube  by  having  it  nearly  horizontal  at  the  top,  so  that  a 
slight  change  in  level  causes  a  large  movement  of  the  meniscus. 
Evaporation  and  the  difficulty  of  adjusting  the  level  of  the 
suspension,  as  well  as  the  position  of  the  tube  itself,  are 
serious  disadvantages.  Gessner  (4)  has  magnified  the  rise 
in  Wiegner’s  apparatus  photographically  and  recorded  the 
change  on  a  photographic  paper  attached  to  a  revolving  drum. 
Even  with  this  arrangement  it  is  necessary  for  him  to  use  a 
5  per  cent  suspension  to  obtain  a  suitable  change.  Moreover, 
the  apparatus  is  complicated  and  must  be  used  in  a  dark 
room.  A  differential  manometer  has  been  used  by  Crowther 
(2)  and  by  Puri  ( 8 )  in  studying  the  sedimentation  of  soils, 
but  their  type  of  manometer  and  the  construction  of  their 
instruments  are  different  from  the  one  developed  in  this 
laboratory. 


A  new  type  of  sedimentation  apparatus 
is  described  which  employs  the  principle  of 
the  differential  manometer.  A  movement 
of  the  meniscus  in  the  manometer  corre¬ 
sponding  to  a  change  in  concentration  of 
50  mg.  per  liter  in  the  suspension  can  easily 
be  detected  without  optical  magnification. 

The  density  of  the  dispersed  substance 
can  be  determined  directly  in  the  appa¬ 
ratus  with  sufficient  accuracy  to  be  used  in 
the  calculation  of  particle  size,  at  least  for 
dusts  that  do  not  vary  greatly  in  particle 
size. 

Dilute  ethyl  alcohol  near  the  concentra¬ 
tion  having  maximum  viscosity  is  recom¬ 
mended  as  the  most  satisfactory  sedi¬ 
mentation  medium  for  insecticides  in  this 
apparatus. 


The  sedimentation  apparatus 
to  be  described  here  employs 
the  principle  of  the  differen¬ 
tial  manometer,  using  two  im- 
miscible  liquids.  By  this 
means  the  rise  obtained  can  be 
increased  to  50  or  100  times  that 
obtainable  in  the  manometer 
of  Wiegner’s  apparatus,  and 
the  decrease  in  density  of  the 
suspension  can  be  measured 
accurately.  A  movement  of  the 
meniscus  in  the  manometer 
corresponding  to  a  change  in 
density  of  0.00002  gram  per  cc. 
can  easily  be  detected  without 
the  aid  of  optical  magnification. 
This  change  in  the  density 
of  the  suspension  corresponds 
to  a  change  in  concentration 
of  about  50  mg.  per  liter  when 
the  dust  has  a  density  of  3.0 


grams  per  cc. 

From  the  density  of  the  suspension,  d,,  the  suspending 
medium  dm,  and  the  top  liquid,  dt,  together  with  the  settling 
height,  H,  the  following  equation  can  be  derived  to  calculate  the 
rise,  R,  in  the  manometer  produced  by  a  suspension  of  dust: 

H(ds  -  dm) 


R  = 


( dm  d( ) 


(1) 


w 


W 

Figure  1.  Ap¬ 
paratus 


From  this  equation  it  is  evident  that  R 
can  be  increased  either  by  increasing  the 
concentration  of  the  suspension  or  by 
decreasing  the  difference  in  the  densities 
of  the  two  liquids.  Practically  there  is 
a  limit  to  both  of  these  variations. 

Description  of  Apparatus 

The  apparatus,  shown  in  Figure  1,  is 
made  from  standard  Pyrex  tubing.  The 
large  tube,  A,  is  50  cm.  long  by  4.5  cm.  in 
diameter.  A  smaller  tube,  C,  about  2.5  cm. 
in  diameter,  extends  the  total  length  to  86 
cm.  The  jacketed  manometer  tube,  B, 
4-mm.  inside  diameter,  is  joined  through  a 
3-mm.  bore  stopcock.  D,  13  cm.  from  the 
bottom  of  the  large  tube  and  again  through 
a  similar  stopcock,  E,  8  cm.  from  the  top 
of  the  apparatus.  A  scale,  S,  is  inserted 
behind  the  upper  half  of  the  manometer 
tube  inside  the  jacket.  The  jacket  protects 
the  delicate  manometer  tube  and  when 
evacuated  reduces  the  effect  of  rapid 
changes  in  temperature.  The  2-mm.  stop¬ 
cock,  F,  is  used  to  set  the  level  of  the 
suspension. 

The  construction  around  stopcocks  D 
and  E  is  important.  They  should  be  not 
more  than  2  cm.  from  the  large  tubes,  and 
the  connecting  tube  must  be  blown  out  large 
and  cone-shaped.  This  prevents  the  entrap¬ 
ment  of  bubbles  at  D  and  decreases  the 
amount  of  sediment  that  settles  there. 
The  tube  connecting  stopcock  E  should  drain 
and  fill  easily  to  the  plug  in  the  stopcock. 
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A  slightly  oblique  angle  in  the  upper  tube  between  the  stopcock 
and  the  end  of  the  manometer  tube  is  also  important. 

Choice  of  Liquids 

The  choice  of  liquids  to  be  used  in  this  apparatus  depends 
largely  on  the  sedimentation  medium  that  is  suitable  for  a 
particular  material.  The  physical  or  chemical  nature  of 
either  the  dispersed  dust  or  the  dispersing  medium  must  not 
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change  when  the  suspension  is  prepared.  Fortunately  many 
insecticides  can  be  suspended  in  water,  alcohols,  or  mixtures 
of  these  liquids  without  appreciable  solution  or  reaction. 
Water  alone  and  some  alcohol-water  mixtures  were  tested  in 
this  apparatus. 

The  next  problem  was  to  find  an  upper  liquid  that  was  im¬ 
miscible  with  the  sedimentation  medium,  and  had  a  slightly 
lower  density.  It  is  usually  more  convenient  to  use  a  mixture 
adjusted  to  the  proper  density  rather  than  to  search  for  a 
pure  liquid.  A  mixture  of  hydrocarbons  adjusted  to  the 
proper  density  by  the  addition  of  chlorinated  compounds 
was  used  with  the  sedimentation  media  mentioned  above. 

It  is  very  important  that  the  sedimentation  medium  and  the 
upper  liquid  have  a  very  low  mutual  solubility.  A  movement 
of  one  liquid  phase  into  the  other  interferes  with  the  sedimen¬ 
tation  by  changing  the  nature  and  density  of  the  medium. 
A  small  change  in  the  density  of  either  liquid  also  introduces 
a  large  error  in  the  manometer  readings  on  this  sensitive  in¬ 
strument.  The  mutual  solubility  of  the  liquids  can  be  checked 
by  running  a  blank  determination.  In  this  case  the  ma¬ 
nometer  reading  corresponds  to  the  point  of  complete  settling 
of  the  suspension  during  a  regular  run.  The  ideal  pair  of 
liquids  would  give  a  stable  zero  reading  which  would  not 
change,  at  least,  during  the  time  required  for  a  sedimentation 
analysis.  This  is  nearly  attained  with  the  pair  of  liquids 
described  below,  which  are  recommended  for  use  in  this 
apparatus  in  the  analysis  of  many  insecticides. 

Dilute  ethyl  alcohol  made  by  mixing  equal  volumes  of 
water  and  95  per  cent  alcohol  was  found  to  be  a  suitable 
sedimentation  medium.  As  this  mixture  is  approximately 
50  per  cent  by  volume,  it  will  be  referred  to  as  such.  The 
density  is  0.9280  gram  per  cc.  and  the  viscosity  is  0.02346 
poise  at  25°  C.,  although  these  values  vary  slightly  with 
different  lots  of  alcohol. 

This  medium  has  several  advantages.  Because  of  its  low 
surface  tension,  no  foaming  occurs  and  there  is  no  interference 
with  the  movement  of  the  meniscus  in  the  manometer. 
While  the  solubility  of  many  inorganic  salts  is  lower  in  50 
per  cent  alcohol  than  in  water,  thus  decreasing  the  action  of 
electrolytes,  this  mixture  is  still  capable  of  dissolving  many 


of  the  common  deflocculating  agents.  Another  important 
factor  is  its  relatively  high  viscosity.  The  maximum  viscosity 
for  an  alcohol-water  mixture  occurs  near  the  50  per  cent  point 
and  is  about  three  times  that  of  either  component.  A  sub¬ 
stantial  shortening  of  the  sedimentation  tube  is  therefore 
possible  without  sacrificing  accuracy  in  the  coarse  fractions. 

The  top  liquid  is  made  by  adding  1,2, 4-trichlorobenzene 
to  decahydronaphthalene  to  obtain  a  density  of  about  0.9000 
gram  per  cc.  A  small  amount  of  an  intensely 
colored  oil-soluble  dye  is  added,  and  the  mixture 
is  extracted  three  times  with  a  slightly  ammonia- 
cal  50  per  cent  alcohol  solution.  This  extrac¬ 
tion  removes  soluble  substances  in  the  upper 
liquid  and  saturates  it  with  dilute  alcohol.  If 
an  emulsion  persists  in  the  oil  layer,  it  may  be 
removed  by  filtering  through  a  fluted  paper. 
The  solution  is  then  adjusted  to  a  density  of 
0.9000  =*=  0.0002  gram  per  cc.  by  adding  more 
1,2,4-trichlorobenzene.  About  100  cc.  are  used 
for  each  determination.  A  liter  or  two  of  this 
liquid  is  sufficient,  since  it  can  be  recovered  and 
used  again  after  the  density  has  been  adjusted. 

Control  of  Temperature 

A  differential  manometer  with  arms  of  unequal 
diameter  is  very  sensitive  to  changes  in  tempera¬ 
ture.  The  apparatus  must  therefore  be  operated 
at  some  constant  temperature,  or  under  condi¬ 
tions  where  the  change  in  temperature  is  very 
slow.  A  room  varying  not  more  than  0.5°  per  hour  is  satis¬ 
factory,  but  a  water  bath  regulated  at  a  definite  temperature 
is  better.  A  controlled  water  bath  simplifies  the  calculations, 
but  a  slightly  different  technic  must  be  used.  The  upper 
part  of  the  water  bath  must  be  provided  with  a  glass  window, 
and  the  suspension  must  be  stirred  by  a  plunger  without 
removing  the  apparatus  from  the  bath.  This  eliminates  the 
cooling  effect  caused  by  evaporation  from  the  wet  apparatus 
when  it  is  shaken  outside  the  bath.  A  long-handled  brush 
saturated  with  dilute  alcohol  served  as  an  excellent  stirrer. 
Not  less  than  50  rapid  strokes  are  necessary  to  obtain  a  uniform 
suspension.  A  correction  can  easily  be  applied  for  the  amount 
of  sample  removed  on  the  brush. 

Procedure 

The  following  detailed  procedure  for  the  determination  of 
the  particle-size  distribution  of  a  Georgia  clay  may  be  used 
with  slight  variations  for  many  other  materials. 

A  7-gram  sample  was  mixed  to  a  thick  paste  with  50  per  cent 
alcohol  to  which  had  been  added  5  drops  of  ammonium  hydroxide 
(sp.  gr.  0.90).  After  the  lumps  had  been  broken  up  and  a  smooth 
paste  obtained,  more  50  per  cent  alcohol  (50  cc.)  was  added  and 
the  sample  shaken  overnight. 

The  apparatus,  especially  the  manometer  tube,  was  carefully 
cleaned  and  rinsed  with  50  per  cent  alcohol.  It  was  then  filled 
to  the  stopcock,  F,  with  the  sedimentation  medium  (about  600 
cc.),  and  from  3  to  6  drops  of  concentrated  ammonium  hydroxide 
were  added.  After  a  thorough  mixing,  the  manometer  tube  was 
filled  by  tilting  the  apparatus  and  the  stopcocks  were  closed. 
Some  of  the  dilute  alcohol  was  poured  out  and  the  previously 
dispersed  sample  introduced.  The  alcohol  was  used  to  wash  in 
remaining  portions  of  the  sample,  and  finally  the  level  was 
adjusted  by  adding  sufficient  liquid  to  overflow  at  F.  The  suspen¬ 
sion  was  then  thoroughly  mixed  and  placed  in  the  water  bath 
until  it  reached  25°  C.,  the  temperature  of  the  bath. 

After  about  20  minutes  the  suspension  was  again  thoroughly 
stirred  with  a  long-handled  brush  or  plunger,  and  the  top  liquid 
was  added  through  a  long-stemmed  funnel  having  several  fine 
holes  in  the  side  of  the  stem  near  the  bottom  instead  of  one  large 
hole  in  the  end.  With  this  device  the  liquid  was  sprayed  against 
the  sides  of  the  apparatus,  so  that  it  flowed  down  gently  without 
disturbing  the  upper  layer  of  the  suspension.  The  top  liquid 
must  also  be  at  the  same  temperature  as  the  bath.  The  stop- 
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watch  was  started  immediately  after  the  last  stirring,  but  it  was 
returned  to  zero  after  30  seconds  because  settling  does  not  start 
until  the  eddy  currents  die  out.  About  45  seconds  are  required 
to  introduce  the  top  liquid  and  open  the  two  stopcocks  on  the 
manometer.  The  upper  liquid  rapidly  replaces  the  dilute  alcohol 
in  a  part  of  the  manometer  tube  and  equilibrium  is  reached  in 
about  2  minutes.  A  reading  can  be  obtained  at  1  minute,  but 
this  point  is  usually  above  the  curve. 

The  zero  point,  or  the  point  denoting  complete  settling, 
was  found  to  be  20  on  the  manometer  scale.  It  was  obtained 
by  running  a  blank  determination.  It  is  neither  practical  nor 
necessary  to  continue  the  readings  to  this  point. 

Results 

The  readings  obtained  for  the  Georgia  clay  are  presented 
in  Table  I,  together  with  the  readings  for  a  run  on  samples 
of  dusting  sulfur  and  calcium  arsenate.  In  Figure  2  these 
data  are  plotted  to  show  the  type  and  regularity  of  the 
sedimentation  curve. 

The  particle-size  distribution  for  some  fractions  is  pre¬ 
sented  in  Table  II.  The  amount  falling  in  each  fraction  was 
determined  by  the  graphical  method  of  Oden. 

The  results  of  a  sedimentation  analysis  may  be  expressed 
in  several  ways.  Borchers  and  May  (I)  suggest  the  use  of  the 
sedimentation  curve  with  a  table  giving  the  particle-size 
distribution,  as  has  been  done  above.  The  distribution  may 
be  expressed  graphically  as  an  accumulative  frequency  curve 
or  as  a  frequency-distribution  curve.  Since  this  paper  is 
concerned  primarily  with  the  use  of  a  new  apparatus,  it  is 
not  considered  necessary  to  present  the  distribution  graphi¬ 
cally. 

After  a  little  experience  the  sedimentation  curve  itself  will 
give  considerable  information.  A  curve  with  a  rapidly  chang¬ 
ing  slope  indicates  a  polydispersed  sample,  while  a  curve 
approaching  a  straight  line  indicates  monodispersion.  Unless 
two  samples  have  approximately  the  same  particle-size  dis¬ 
tribution,  it  is  possible  to  pick  the  finer  material  without 
further  calculation.  The  curves  also  give  a  graphical  com¬ 
parison  of  the  densities.  The  material  whose  extrapolated 
curve  intersects  the  zero  ordinate  at  the  highest  point  has  the 
highest  density.  This  point  is  of  practical  importance,  as 
shown  below. 


Determination  of  Density 

Since  the  rise  in  the  manometer  can  be  calculated  from  the 
density  of  the  suspension  (Equation  1),  then  conversely  the 
density  of  the  suspension,  and  hence  the  density  of  the  dust, 
can  be  calculated  from  the  rise.  The  rise  can  be  obtained  by 
extrapolation  of  the  sedimentation  curve  and  from  the  de¬ 
termination  of  the  zero  point.  Therefore 

§  ( dm  -  dt)  =  ds  -  dm  =  Ad  (2) 

After  Ad  is  obtained  in  this  manner,  the  density  of  the  dust 
can  be  calculated  from  the  following  formula : 


considered  sufficiently  accurate  for  the  calculation  of  par¬ 
ticle-size  distribution,  and  it  may  be  used  in  the  second  case 
if  the  error  introduced  falls  within  the  limits  of  accuracy 
desired. 

Table  III  shows  the  densities  of  the  three  insecticides 
under  discussion  when  obtained  with  the  sedimentation 
apparatus,  as  compared  with  the  values  obtained  in  a  pyc¬ 
nometer. 


Table  I.  Manometer  Readings  at  Different  Times  for 
Three  Typical  Insecticidal  Materials 


Manometer  Scale  Readings 


Time 

Georgia 

clay 

Calcium 

arsenate 

Dusting 

sulfur 

Min. 

1 

67.0 

78.0 

67 

2 

62.8 

74.8 

56.3 

4 

61.7 

74.2 

53.3 

6 

60.8 

73.9 

51.0 

8 

59.9 

73.4 

48.8 

10 

59.0 

73.0 

46.7 

12 

72.7 

44.8 

14 

57.3 

43.2 

16 

72.0 

41.7 

18 

55.9 

40.5 

20 

71.4 

39.4 

22 

54.6 

24 

37.4 

26 

53.8 

28 

36.0 

30 

53.0 

70.4 

32 

34.8 

36 

52.1 

33.6 

40 

69.8 

32.6 

42 

51.3 

48 

50.7 

50 

69.2 

30.7 

60 

49.5 

68.8 

29.1 

70 

28. 1 

72 

48.6 

80 

67.9 

27.3 

84 

47.5 

100 

46.5 

67.2 

27.0 

120 

54.4 

66  4 

130 

26.2 

144 

44.7 

150 

65.7 

.  .  . 

174 

43.7 

180 

65.1 

200 

42.8 

64.7 

24.8 

220 

24.4 

240 

■  •  . 

63.7 

.  .  . 

320 

61.6 

*  *  * 

Table  II.  Particle-Size  Distribution  of  Three  Typical 

Dusts 

Percentage  (by  Weight)  of  Material  of  Indi¬ 
cated  Range  of  Radii 

Material  Above  20  n  20— 10  ju  10-7.5  ii  7.5-5  n  Below  5  n 

Calcium  arsenate  1  2  3  6  88 

Dusting  sulfur  16  38  19  4  23 

Georgia  clay  1  12  10  9  68 


Table  III.  Comparison  of  Densities  Obtained  on  the 
Sedimentation  Apparatus  with  Those  Determined  in  a 

Pycnometer 


Material 

Calcium  arsenate 
Dusting  sulfur 
Georgia  clay 


By  Pycnometer 
In  95  per  In  50  per 
cent  alcohol  cent  alcohol 


By  Sedimenta¬ 
tion  Apparatus 


3.25 


2.' 52 


2'.07 


3.23 

1.93 

2.43 


Discussion 


where  C  is  the  concentration  of  the  dispersed  phase  in  grams 
per  cubic  centimeter  of  suspension  and  D  is  the  density  of 
the  dispersed  phase. 

The  precision  obtainable  by  this  method  is  about  0.1  unit 
in  density.  For  dusts  that  settle  slowly,  or  that  do  not  vary 
greatly  in  particle  size,  this  error  in  density  will  shift  about 
1  per  cent  or  less  from  one  fraction  to  another.  For  dusts 
that  vary  greatly  from  some  mean  particle  size,  as  in  the 
case  of  the  sulfur  sample  reported  here,  a  shift  of  about  4 
per  cent  is  obtained  on  some  of  the  larger  fractions.  For  the 
first  type  of  dust  this  method  of  density  determination  is 


The  most  desirable  form  of  this  apparatus  would  be  one 
that  could  be  used  in  any  laboratory  without  special  precau¬ 
tions  against  changes  in  temperature.  With  this  in  mind  a 
tube  was  constructed  having  the  manometer  inside  the  large 
tube.  As  far  as  the  manometer  was  concerned,  the  tempera¬ 
ture  effect  was  almost  eliminated,  but  rapid  changes  in 
temperature  also  cause  eddy  currents  in  the  suspension  which 
interfere  with  normal  sedimentation.  For  coarse  materials 
this  error  is  small,  and  further  efforts  are  being  made  to  de¬ 
velop  a  satisfactory  apparatus  according  to  this  principle. 

An  apparatus  similar  to  that  shown  in  Figure  1,  but  pro- 
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vided  with  a  jacket  through  which  water  could  be  circulated, 
was  also  tried.  This  requires  some  means  of  circulating  water 
at  constant  temperature.  No  advantage  is  gained  over  the 
use  of  the  simple  design  in  a  water  bath. 

The  accuracy  attainable  with  the  apparatus  is  subject  to 
the  same  criticism  as  that  of  any  method  of  sedimentation 
analysis.  The  shape  of  the  particle  and  the  lack  of  complete 
dispersion,  partial  flocculation,  etc.,  have  been  discussed  at 
length  by  other  authors.  It  is  felt,  however,  that  the  ad¬ 
vantages  over  the  microscopic  or  air-elutriation  methods, 
as  pointed  out  by  Borchers  and  May  (1),  are  sufficient,  to 
justify  the  use  of  sedimentation  analysis,  especially  for 
technical  purposes.  The  precision  obtainable  with  this 
instrument  is  dependent  upon  the  accuracy  with  which  the 
tangents  to  the  sedimentation  curve  can  be  drawn.  Actual 
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readings  taken  on  the  manometer  during  carefully  conducted 
check  runs  do  not  vary  more  than  2  per  cent. 
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A  Variable  Vapor- Volume  Barometric  Type 
of  Vapor  Pressure  Apparatus 

EVERETT  M.  BARBER  AND  A.  V.  RITCHIE,  The  Texas  Company,  New  York,  N.  Y. 


IN  MANY  problems  involving  the  use  of  gasolines,  naph¬ 
thas,  and  similar  volatile  products  it  is  desirable  to 
know  the  vapor  pressure  of  these  products  over  the  initial 
range  from  zero  to  some  intermediate  per  cent  evaporated. 
In  connection  with  several  problems  requiring  this  type  of 
information,  a  variable  vapor-volume  barometric  type  of 
vapor  pressure  apparatus,  which  gives  somewhat  more  detailed 
and  accurate  information  than  the  usual  Reid  vapor  pressure 
test  and  yet  is  sufficiently  rapid  in  operation  to  allow  its  use 
for  semi-routine  testing,  has  been  used  by  the  writers  with 
considerable  success. 

It  is  the  purpose  of  this  paper  to  describe  briefly  the  design 
and  operation  of  this  apparatus  and  to  indicate  the  manner 
in  which  the  results  obtained  from  it  may  be  applied  to  several 
typical  problems,  particularly  to  the  measurement  of  evapora¬ 
tion  losses  and  the  vapor-locking  characteristics  of  gasolines. 

Design  of  Apparatus 

The  apparatus,  which  consists  essentially  of  two  glass  tubes 
joined  at  the  bottom  to  a  leveling  bottle,  is  illustrated  in  Figures 
1  and  2.  The  long  glass  tube,  A,  is  220  cm.  long,  has  a  scale 
graduated  in  millimeters  over  200  cm.  of  its  length,  and  is  open 


to  the  atmosphere  at  the  top.  The  tube,  B,  is  sealed  off  at  the 
top  with  a  large  carefully  ground  three-way  stopcock  and  has 
alternately  long  narrow  sections  30  cm.  long  and  1  cm.  in  diameter 
to  obtain  accurate  readings  of  the  liquid  volume,  and  bulbous 
sections  15  cm.  long  and  3  cm.  in  diameter  to  accommodate  a 
relatively  large  vapor  volume. 

The  open  tube,  the  buret,  and  the  leveling  bottle,  which 
constitute  the  essential  parts  of  the  vapor  pressure  measuring 
system,  are  filled  with  mercury,  and  in  order  to  obtain  tempera¬ 
ture  control  are  immersed  in  a  water  bath  at  37.8°  C.  (100°  F.). 
The  bath  is  thermostatically  controlled  and  has  a  temperature 
gradient  of  0.05°  C.  (0.1°  F.)  from  top  to  bottom  and  a  variation 
in  the  average  of  about  0.1°  C.  (0.2°  F.). 

Readings  are  made  by  means  of  a  cathetometer  which  clamps 
to  the  tie  rod  at  the  front  of  the  apparatus  and  is  adjusted  be¬ 
tween  the  meniscus  level  and  fixed  stations  on  the  tube  and  buret 
by  means  of  a  40-thread  micrometer  screw.  Successive  trial 
measurements  between  two  fixed  points  indicate  that  the  settings 
of  the  cathetometer  hair  lines  can  be  reliably  reproduced  to  about 
±0.004  ml.  in  sections  1,  3,  and  5.  A  bright  fight  behind  the 
apparatus  silhouettes  the  meniscus  levels  and  greatly  facilitates 
the  setting  of  the  cathetometer  cross  hairs. 

Operation  of  Apparatus 

Preliminary  to  running  each  test,  the  mercury  level  is  dropped 
below  the  air  injector,  D,  and  with  the  stopcock  opened  to  the 


Table  I.  Results  of  Representative  Test 


(Sample  131.8) 

Mercury 


Mercury0 

Level 

Level  & 
Corrected 

A  P° 

Vapor  A 
Pressure 

Barometer 

Vapor  Volume 
Observed®  Corrected/ 

Liquid0 

Volume 

Evaporated  & 

V/Li 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Cc. 

Cc. 

Ml. 

% 

508 

358 

351 

157 

599 

756 

7.1 

5.6 

10.008 

0.31 

0.56 

552 

397 

390 

162 

594 

756 

9.1 

9.  1 

10.000 

0.39 

0.72 

795 

502 

501 

294 

462 

756 

76.0 

46.2 

9.800 

2.51 

4.73 

1024 

711 

704 

320 

436 

756 

120.7 

68.7 

9.665 

3.72 

7.10 

1131 

813 

806 

325 

431 

756 

128.2 

72.8 

9.643 

3.94 

7.56 

1261 

918 

917 

344 

412 

756 

178.5 

96.8 

9.500 

5.24 

10.20 

1503 

1141 

1134 

369 

387 

756 

240.3 

122.4 

9.373 

6.64 

13.00 

1523 

1159 

1152 

371 

385 

756 

241.6 

124.0 

9.364 

6.72 

13.29 

o  Values,  given  as  mm.  of  mercury,  are  obtained  by  direct  observation  of  mercury  levels  in  tubes. 

b  Column=2  corrected  for  height  of  column  of  gasoline.  When  approximately  10-cc.  sample  is  used,  subtract  7  mm.  in  sections  1,  3,  and  5; 
sections  2  and  4. 

e  Difference  in  mercury  levels:  column  1—3;  or  column  1—2  corrected. 

A  Vapor  pressure  =  barometric  pressure  (column  6)  —  A P  (column  4). 
e  Volume  of  vapor  above  gasoline. 

/  Corrected  to  760  mm.  =  observed  vapor  volume  X  y60  mrrf'  37.75°  C.  (100°  F.). 

g  Volume  of  liquid  gasoline  =  volume  between  meniscus  levels  +  volume  included  in  meniscus  (1,  2;  Figure  3).  Original  volume,  10.045  ml. 

initial  volume  —  liquid  volume  _ 
h  Per  cent  evaporated  =  - ihitiaT^hime -  X  100' 

*  Vapor-to-liquid  volume  ratio  =  vapor  volume  (column  8)  4-  liquid  volume  (column  9).  At  37.75°  C.  (100°  F.),  760  mm. 


1  mm.  in 


NOVEMBER  15,  1936 


ANALYTICAL  EDITION 


473 


atmosphere,  air  is  blown  through  the  buret  to  rid  it  of  any  vapors 
from  the  previous  test.  The  mercury  is  then  raised  to  the  top 
of  the  buret,  the  stopcock  closed,  and  the  leveling  bottle  dropped 
until  a  vacuum  of  almost  one  atmosphere  can  be  sustained.  This 
procedure  appears  to  be  effective  in  freeing  both  the  buret  and 
the  mercury  from  gases  and  volatile  impurities. 

Following  these  preliminaries,  the  mercury  level  is  again  raised 
and  the  stopcock  opened  to  the  sample  bottle.  The  required 
volume  of  sample  is  then  displaced  into  the  buret  by  gradually 
lowering  the  mercury  level  and  simultaneously  pushing  the  sample 
by  a  slight  pressure  head  from  the  water  bottle  (Figure  2).  When 
the  sample  has  been  obtained  in  this  manner,  the  stopcock  is 
sealed  off  and  the  sample  is  allowed  to  stand  for  several  minutes 
to  reach  the  temperature  of  the  bath.  After  this  condition  is 
attained  the  mercury  level  is  dropped  until  some  of  the  sample 
has  evaporated.  The  barometric  pressure,  the  vapor  and  liquid 
volumes,  and  the  mercury  levels  are  then  recorded  and  the 
vaporization  is  repeated  in  successive  increments  to  the  bottom 
of  the  buret.  Readings  are,  of  course,  taken  after  each  increment 
of  vaporization. 

After  each  increment  of  vaporization  a  period  of  10  to  12 
minutes  was  allowed  before  readings  were  taken,  so  as  to  per¬ 
mit  a  close  approach  to  equilibrium  between  the  liquid  and  the 
vapor. 

It  is  believed  that  this  period  was  sufficient  to  ensure  approxi¬ 
mately  equilibrium  vaporization,  since  allowing  a  period  of  as 
much  as  6  hours  in  several  cases  produced  an  additional  change 
of  only  1  to  2  mm.  in  the  vapor  pressure. 

When  very  ac¬ 
curate  liquid  volume 
measurements  are 
required,  as  in  meas¬ 
uring  small  evapo¬ 
ration  losses  (0.5  per 
cent  and  less)  it  is 
necessary  to  read 
the  height  of  the 
meniscus  and  apply 
a  correction  for  the 
volume  of  liquid 
that  is  contained  in 
it  (7,  8).  This  cor¬ 
rection,  shown  in 
Figure  3  for  the 
buret  used  in  this 
work,  normally 
ranges  from  0.02  to 
0.05  ml.  and  intro¬ 
duces  no  complica¬ 
tion,  as  it  is  simply 
an  additive  correc¬ 
tion  to  be  applied  to 
the  liquid  volume 
measurement. 

Table  I  gives  the 
observations  and 
the  computation  of 
the  results  for  a  rep¬ 
resentative  test  on 
a  gasoline  sample, 
and  Figure  4  is  a 
plot  of  the  results  for 
this  sample  test. 

All  the  calculations 
are  simple  arith¬ 
metic  and  can  be 
carried  out  by  the 
operator  in  the 
short  periods  of 
waiting  for  equilib¬ 
rium  after  each  suc¬ 
cessive  increment  of 
vaporization. 


SCHEMATIC  DIAGRAM  OF  VAPOR 
PRESSURE  APPARATUS 


four  samples  a  day  are  about  average.  In  other  cases  less  care 
is  required  and  six  or  eight  samples  are  usually  handled. 

Preliminary  Tests  with  Apparatus 

Among  the  first  tests  made  with  this  apparatus  was  a 
series  of  preliminary  runs  to  determine  (1)  the  agreement  of 
measured  vapor  pressure  values  with  accepted  standard  values 
for  a  series  of  pure  compounds,  and  (2)  the  accuracy  with 
which  the  values  on  one  product  could  be  reproduced  in  suc¬ 
cessive  tests. 

Vapor  Pressures  of  Pure  Compounds.  Table  II  gives 
the  vapor  pressure  values  of  cyclohexane,  benzene,  chloroform, 


Table  II.  Vapor  Pressures  of  Pure  Compounds 


Vapor 

Vapor  Pressure 

Pressure 

Given  by  Inter¬ 

Material 

by 

Test 

national  Criti- 

Tested 

Apparatus 

Temperature 

cal  Tables 

Preparation 

Mm. 

0  c. 

o  P' 

Mm. 

Cyclohexane 

170 

37.75 

100 

168 

c.  p.  material 
redistilled  and 

middle  cut 

taken 

Benzene 

172 

37.83 

100.10 

173  (6) 

Same 

Chloroform 

340 

37.83 

100.10 

338 

Same 

Carbon  disulfide 

574 

37.75 

100 

574 

Same 

Water 

50 

37.75 

100 

48.9 

Distilled 

Figure  1.  Apparatus  for  Measure¬ 
ment  of  Evaporation  Losses 
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For  use  in  sections  1,  3,  and  5  of  vapor  pressure  apparatus. 
Both  corrections  are  added  to  gasoline  volume. 


carbon  disulfide,  and  water,  determined  at  a  temperature  of 
37.8°  C.  (100°  F.)  in  this  apparatus.  For  comparison,  the 
“standard  values”  for  the  vapor  pressure  of  these  products, 
obtained  by  interpolation  in  the  vapor-pressure  tables  in  the 
International  Critical  Tables  (8),  are  also  given.  It  will  be 
noted  that  2  mm.  is  the  greatest  discrepancy  between  the  ex¬ 
perimental  and  accepted  values. 

In  making  these  tests,  the  procedure  of  running  a  curve  of 
vapor  pressure  versus  vapor-to-liquid  volume  ratio  and  per 
cent  evaporated  was  followed.  Despite  the  care  taken  in 
purifying  these  materials,  a  slightly  high  value  of  the  vapor 
pressure  was  noted  with  very  small  amounts  evaporated  in  the 
case  of  all  the  materials  except  water.  However,  as  the 
amount  evaporated  was  increased,  the  vapor  pressure  values 
quickly  approached  the  steady  values  reported  in  Table  II. 
As  these  high  initial  vapor  pressures  were  considered  to  indi¬ 
cate  the  presence  of  small  quantities  of  volatile  impurities  and 
as  it  was  necessary  to  carry  the  evaporation  furthest  in  the 
case  of  the  least  pure  material,  it  is  suggested 
that  this  apparatus  might  offer  a  quick  and 
simple  means  of  estimating  the  amount  of  vola¬ 
tile  impurities  in  supposedly  pure  compounds. 

Accuracy  and  Reproducibility  of  Test. 

A  series  of  curves  of  vapor  pressure  versus 
vapor-to-liquid  volume  ratio  and  per  cent 
evaporated  were  run  all  on  the  same  gasoline 
sample  in  order  to  obtain  a  reasonably  reli¬ 
able  figure  by  which  to  judge  the  reproduci¬ 
bility  of  subsequent  tests.  In  the  first  attempt 
to  run  this  series  of  tests  the  following  interest¬ 
ing  though  accidental  results  were  obtained : 

A  500-ml.  sample  of  the  gasoline  for  test  was 
poured  into  a  sample  bottle  which  was  subse¬ 
quently  connected  to  the  buret  as  shown  in  Fig¬ 
ure  2;  and  when  successive  portions  of  this  sample 
were  run  into  the  buret  and  tested,  curves  2,  3,  and 
4  of  Figure  5  were  obtained.  As  these  tests 
showed  a  very  disappointing  spread,  the  opera¬ 
tion  of  the  next  test  was  watched  carefully  to 
determine  if  possible  the  reason  for  this  variation. 

While  watching  this  test  it  was  noticed  that 
after  the  sample  was  displaced  into  the  buret,  the 
water  bottle  was  placed  base  up  (inverted  posi- 
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Figure  4.  Results  of  Sample  Test,  Table  I 


tion  of  that  shown  in  Figure  2)  on  a  ledge  slightly  below  the  sample 
bottle.  This  tended  to  siphon  some  of  the  water  from  the  bottom 
of  the  sample  bottle  back  into  the  water  bottle  and  allowed  vapor 
to  form  to  a  depth  of  about  3  cm.  at  the  top  of  the  sample 
bottle.  After  this  test,  from  which  curve  5  of  Figure  5  was  deter¬ 
mined,  a  new  sample  was  taken  and  curve  1  was  determined. 
In  taking  this  second  sample  the  gasoline  was  displaced  from 
the  main  storage  into  the  sample  bottle  and  thence  into  the  vapor 
pressure  apparatus  in  such  a  way  that  no  vapor  formed  at  any 
time  during  the  transfer. 

The  difference  between  curves  1  and  2  (corresponding  to 
about  1  per  cent  loss)  was  attributed  to  the  displacement  loss 
of  pouring  the  first  sample  into  the  sample  bottle  and  the 
difference  in  curves  2,  3,  4,  and  5  to  the  small  vapor  loss  that 
occurred  each  time  the  water  bottle  was  inverted. 

These  accidental  results  serve  to  illustrate  the  importance 
of  careful  sampling  and  handling  of  volatile  materials  and 
also  to  indicate  the  sensitivity  of  the  apparatus. 

As  a  result  of  these  tests  all  samples  were  handled  by  water 
displacement  and  for  this  purpose  two-hole  rubber  stoppers 
with  two  glass  tubes  in  them  are  sealed  into  pint  wide-mouth 
bottles.  One  glass  tube  extends  just  through  the  stopper 
flush  with  its  inside  edge  and  the  other  extends  almost  to  the 
bottom  of  the  bottle.  The  bottle  is  filled  with  water  and  the 
sample  is  displaced  into  it  at  the  time  of  sampling  and  out  of 
it  into  the  buret  at  the  time  of  test. 

Curve  1  of  Figure  5  was  subsequently  verified  by  several 
additional  runs  in  which  the  samples  were  all  handled  by  the 
method  just  described  and,  as  it  was  impossible  readily  to 


Figure  5 
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distinguish  the  curves  for  the  separate  runs  when  the  plots  of 
them  were  superimposed,  the  following  method  was  used  for 
the  comparison  of  the  results : 

The  equation  of  the  curve  determined  by  each  individual 
run  was  developed  by  the  method  of  averages  (4)  for  all  points 
above  1  per  cent  evaporated  and  the  separate  equations 
were  solved  to  determine  the  vapor  pressure  at  a  common 
per  cent  evaporated.  The  results  of  these  tests  and  calcula¬ 
tions  indicated  a  probable  (50  per  cent)  error  of  about  1  mm. 
of  mercury  and  a  maximum  range  of  about  3  mm.  of  mercury. 
This  method  of  comparing  the  results  was  felt  to  be  the  most 
justifiable  one,  since  in  all  cases  the  average  curve  through  the 
points  is  the  result  that  is  of  interest. 

Application  to  Typical  Problems 

Estimation  of  Evaporation  Losses.  Stauffer,  Whitman, 
and  Roberts  ( 9 )  have  suggested  that  evaporation  losses  can 
be  estimated  accurately  by  determining  a  curve  of  vapor  pres¬ 
sure  versus  per  cent  evaporated  on  samples  of  the  product 
both  before  and  after  the  occurrence  of  the  evaporation  loss. 
In  this  method  the  loss  is  measured  as  the  difference  in  per 
cent  evaporated  at  a  value  of  the  vapor  pressure  common 
to  both  the  weathered  and  unweathered  samples.  This 
method  has  been  substantiated  by  Chenicek  and  Whitman 
(2)  who  made  a  comparison  of  losses  measured  by  careful 
gaging  and  parallel  measurements  on  the  apparatus  suggested 
by  Stauffer,  Whitman,  and  Roberts. 

As  it  was  proposed  to  use  the  present  apparatus  for  the  same 
purpose,  a  series  of  tests  was  made  to  verify  its  applicability 
to  this  sort  of  measurement  and  to  learn  the  accuracy  with 
which  losses  could  be  determined. 

In  order  to  do  this,  losses  of  known  magnitude  were  pro¬ 
duced  by  weathering  samples  of  several  commercial  grades  of 
gasoline.  The  original  and  the  weathered  samples  were  run 
in  the  vapor  pressure  apparatus  and  the  losses  estimated  from 
the  vapor  pressure-per  cent  evaporated  curves.  At  the  start 
of  these  tests  the  apparatus  and  a  definite  plan  of  procedure 
were  turned  over  to  an  experienced  operator  who  carried  out 
the  entire  series  of  tests.  No  check  runs  were  made  and  the 
loss  data  are  those  obtained  as  the  result  of  a  single  carefully 
made  test. 

Figure  6  shows  the  known  losses  plotted  against  the  values 
estimated  from  the  vapor  pressure  measurements.  The  solid 
45°  line  indicates  the  locus  of  points  for  perfect  agreement 
between  the  known  and  experimentally  determined  evapo¬ 
ration  losses.  The  black  dots  on  either  side  of  the  line  repre¬ 
sent  the  experimental  points  and  indicate  their  approach  to 
perfect  agreement  with  the  known  losses. 

The  points  in  Figure  7  show  the  actual  per  cent  error  of 
the  estimated  loss  plotted  against  the  known  loss.  The  solid 
line  gives  the  probable  per  cent  error  (based  on  the  average 
deviation  of  the  points  in  Figure  6,  regardless  of  sign)  that 
might  be  expected  in  measuring  losses  of  various  magnitudes 
by  this  method. 

Vapor-Locking  Characteristics  of  Gasolines.  In 
recent  publications  on  the  subject  of  vapor  lock  (1,  5)  it  has 
been  shown  that  a  gasoline  in  the  fuel  system  of  a  car  will 
cause  vapor  lock  if,  at  the  existing  fuel  system  temperature, 
it  forms  more  vapor  than  the  fuel  system  can  handle  without 
disturbing  the  flow  of  liquid  gasoline  enough  to  interrupt 
normal  engine  operation.  The  available  data  further  indicate 
that  many  cars  can  handle  relatively  large  quantities  of  vapor, 
from  V/L  —  10  to  V/L  =  50  and  greater  (where  V/L  is  the 
volume  of  vapor  divided  by  the  volume  of  liquid,  both  meas¬ 
ured  at  the  existing  temperature  and  pressure)  being  the 
range  of  values  reported  for  current  model  cars. 

To  tie  in  with  this  conception  of  the  problem,  the  vapor¬ 
locking  characteristics  of  the  gasoline  are  expressed  by  a 
curve  showing  the  quantity  of  vapor  formed  plotted  as  a 


Figure  6.  Agreement  between  Known  Losses  and 
Measurements  by  Vapor  Pressure  Method 

function  of  the  boiling  temperature,  at  the  pressure  existing  in 
the  fuel  system.  Bridgeman  ( 1 )  has  shown  how  such  a  curve 
can  be  established  by  running  vapor  pressure  tests  at  various 
vapor-to-liquid  volume  ratios  in  a  bomb  similar  to  that  used 
in  the  Reid  vapor  pressure  test.  In  this  method  the  vapor 
pressure  measurements  were  converted  to  boiling  temperature 
and  plotted  against  vapor-to-liquid  volume  ratio. 

The  variable  vapor-volume  apparatus  offers  a  very  con¬ 
venient  means  by  which  to  obtain  the  same  sort  of  informa¬ 
tion.  Figure  8  gives  the  vapor-locking  characteristics  of 
six  representative  gasolines  that  have  been  evaluated  in  this 
manner. 

The  application  of  these  data  to  corresponding  data  on  car 
vapor-locking  characteristics  brings  up  an  interesting  point. 
Take,  for  example,  the  case  of  a  popular  1934  model  car 
having  a  vapor-handling  capacity  of  V/L  =  34  and  fuel 
system  temperature  of  45°  C.  (113°  F.)  under  certain  operat¬ 
ing  conditions.  When  this  car  is  operated  under  those  condi¬ 
tions  on  a  fuel  having  the  vapor-locking  characteristics  shown 


1 

y 

T 

? 

T 

T 

* 

IO 

i 

K 

I* 

-8H 

<0 

W 

T 

p 

LOSS 

S 

-t- 

* 

\ 

(P/? 

1BAB 

-E  Ef 

ft 

O 

ft 

BASE 

D  ON 

£ 

\ 

Irn 

S  D 

V  Of 

ALL 

POIN 

TS. 

K 

s 

& 

S* 

0 

T 

■A 

-V 

0 

Z 

0 

3 

0 

4 

0 

5 

0 

'AG  N 

TUD 

:  of 

LOS. 

IN 

~>ERC 

’.NT 

Figure  7.  Errors  in  Losses  Measured  by 
Vapor  Pressure  Method 


476 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Figure  8.  Vapor  Locking  Characteris¬ 
tics  op  Six  Representative  Gasolines 
Determinations  by  Vapor  Pressure 
Method 
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per  cent  appear  to  be  quite 
normal.  In  addition  to  the 
volume  loss  which  tends  to 
decrease  the  over-all  fuel 
economy,  an  octane  depre¬ 
ciation  of  2  to  3  units  and 
a  general  decrease  in  vola¬ 
tility  also  result  from  these 
losses. 

Conclusions 

The  barometric  type  of 
vapor  pressure  apparatus 
having  a  variable  vapor 
volume  offers  a  rapid  and 
accurate  method  by  which 
to  determine  the  initial 
vapor  pressures  of  volatile 
materials.  Data  of  the  sort 
obtained  on  this  apparatus 
are  useful  in  estimating 
evaporation  losses  and  in 
measuring  the  vapor-locking  characteristics  of  gasolines. 
There  are  also  several  other  problems,  such  as  the  estimation 
of  volatile  impurities,  for  which  the  apparatus  may  be  useful. 
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Figure  9.  Occurrence  of  Evaporation 
Losses  from  Fuel  System  of  a  Car  in 
Which  Vapor  Lock  Is  Prevented  by  In¬ 
creased  Vapor -Handling  Capacity 
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in  Figure  9,  it  is  seen  to  be  free  from  vapor  lock  because  at 
45°  C.  (113°  F.)  less  than  the  limiting  quantity  of  vapor 
will  be  formed.  However,  by  projecting  the  point  V/L  =  34 
and  T  —  113°  F.  horizontally  to  the  curve  for  the  gasoline 
characteristics,  it  is  seen  that  a  quantity  of  vapor  equivalent 
to  V/L  =  11.5  is  being  formed  in  the  fuel  system,  and  since 
it  cannot  possibly  get  through  the  carburetor  jet  into  the 
manifold,  it  must  be  vented  out  of  the  carburetor.  This 
represents  a  loss  in  liquid  fuel  supplied  to  the  engine,  equiva¬ 
lent  to  the  amount  required  to  form  the  quantity  of  vapor 
that  is  vented  off  from  the  fuel  system,  in  this  case  about  6 
per  cent. 

That  this  sort  of  loss  actually  occurs  in  cars  has  been  verified 
on  several  occasions  when  samples  were  bled  from  the  car¬ 
buretor  bowls  of  cars  while  they  were  running,  and  the  samples 
compared  with  the  original  gasoline  supplied  to  the  car. 
With  current  model  cars  operating  under  approximately 
normal  conditions,  losses  of  as  great  as  10.8  per  cent  have 
been  detected  and  during  warm  weather  losses  of  0.5  to  5 
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Laboratory-Scale  Ebullition  Tube 

JOHN  W.  BOEGEL 

399  Dupont  St.,  Toronto,  Ontario,  Canada 


AFTER  research  work  requiring  boiling  point  deter¬ 
minations,  for  which  the  method  of  Siwolobofif  was 
found  most  suitable,  an  adaptation  of  the  ebullition  tube 
used  in  this  method  proved  of  value  in  securing  steady  boiling 
of  the  liquid  in  a  small-scale  fractional  distillation. 

The  ebullition  tube  consists  of  a  thin  glass  rod,  long  enough 
to  be  held  upright  by  resting  against  the  neck  of  the  vessel  in 
which  it  is  used.  To  the  lower  end  of  the  rod  is  sealed  a  short 
length  (less  than  1  cm.)  of  open  tube,  the  diameter  of  which 
should  be  as  large  as  is  convenient,  1-cm.  tubes  proving 
generally  useful.  For  rapid  distillation  several  tubes  may  be 
used,  while  for  best  results  a  vacuum  distillation  requires 
two  or  more  small-diameter  tubes,  giving  several  rapid 
streams  of  small  bubbles. 


This  piece  of  apparatus  has  proved  useful  in  minimizing 
bumping  in  liquids  boiled  in  test  tubes,  and  especially  in 
vacuum  distillations,  replacing  the  capillary  tube  usually 
used.  The  capillary  must  be  carefully  made,  is  fragile, 
is  often  in  need  of  adjustment,  and  possesses  the  further 
disadvantage  of  passing  air  through  the  hot  liquid. 

After  boiling  and  cooling,  the  liquid  retreats  into  the 
open  tube,  finally  filling  it.  On  heating  again,  the  liquid  is 
likely  to  become  superheated  until  the  tube  suddenly  re¬ 
sumes  normal  operation  with  a  bad  bump.  This  may  be 
avoided  by  lifting,  draining,  and  replacing  the  tube  before 
the  second  boiling. 
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An  Adjustable  Sensitive  Thermoregulator 

J.  Y.  YEE  AND  R.  O.  E.  DAYYS,  Bureau  of  Chemistry  and  Soils,  Washington,  D.  C. 


THERE  are  a  number  of  sensitive 
thermoregulators  described  in  the 
literature  (1,  2,  3,  7)  that  can  maintain 
thermostats  constant  to  ±  0.001  °  C.  for 
long  periods  of  time  without  much  atten¬ 
tion.  Most  of  these  regulators  are  either 
glass  tubes  filled  with  toluene  and 
mercury  or  metal  tubes  filled  with  mer¬ 
cury.  Every  time  the  temperature  of 
the  bath  is  changed  over  a  wide  range 
it  necessitates  addition  or  removal  of 
mercury  in  the  regulator.  In  order  to 
eliminate  these  operations,  Parks  ( 6 ) 
employed  a  tight-fitting  rubber  plunger 
in  a  side  arm  of  the  regulator.  By  rais¬ 
ing  or  lowering  this  plunger,  the  tempera¬ 
ture  of  the  thermostat  could  be  varied  to 
within  ±0.02°  C.  of  the  desired  tem¬ 
perature. 

The  thermoregulator  herein  described 
is  made  of  glass,  filled  with  mercury. 
The  adjustment  mechanism  is  similar 
to  that  of  Parks,  but  of  permanent  con¬ 
struction.  With  this  regulator,  the  tem¬ 
perature  of  a  36-liter  thermostat  can 
be  easily  changed  and  maintained  at  25°, 
30°,  35°,  and  40°  ±  0.001°  C.  For 
shorter  periods  (2  or  3  hours)  sometimes 
no  movements  can  be  detected  in  the 
Beckmann  thermometer. 

This  thermoregulator,  shown  in  Figure  1, 
is  made  of  thin-walled  (0.8-mm.)  Pyrex 
tubing,  A  (35-mm.  outside  diameter), 
with  a  number  of  large  indentations,  B, 
which  are  about  25  mm.  wide  at  the 
opening  and  25  mm.  deep.  The  thick¬ 
ness  of  the  walls  of  these  indentations  is 
only  about  0.2  to  0.3  mm.  This  accounts 
for  the  rapid  response  of  this  regulator  to  temperature  changes 
in  the  bath.  Extending  inwardly  in  tube  A,  these  indentations 
do  not  make  the  apparatus  more  fragile.  To  keep  air  from  being 
trapped  underneath  these  indentations  when  the  regulator  is 
being  filled,  they  are  pointed  slightly  upwards. 

The  adjustment  mechanism,  directly  sealed  to  tube  C  that  ex¬ 
tends  almost  to  the  bottom  of  tube  A,  consists  of  a  piece  of  Jena 
KPG  tubing  (5.05-mm.  bore,  50  mm.  in  length)  with  a  very 
uniform  inside  diamter  ( ±0.001  mm.).  Attached  with  Picein 
cement  to  the  top  of  this  Jena  tubing  is  a  brass  cap,  E,  through 
which  passes  a  finely  threaded  brass  rod  carrying  an  Invar  steel 
plunger,  F.  The  diameter  of  the  plunger  is  only  slightly  smaller 
(about  0.015  mm.)  than  the  inside  bore  of  the  tube,  but  can  be 
moved  freely  therein  without  using  any  lubricant. 

The  top  of  tube  G  is  fitted  with  another  brass  cap,  H,  through 
which  passes  a  rod  carrying  a  fine  nichrome  wire  that  makes  con¬ 
tact  with  the  mercury  at  point  I,  where  the  fine  capillary  tube 
(0.7-mm.  bore)  opens  into  the  upper  bulb.  Side  arm  J  is  for  the 
other  electrical  contact.  K  and  L  are  lock  nuts. 

With  the  plunger  removed,  redistilled  mercury  is  introduced 
into  the  regulator  through  a  funnel  with  a  fine  capillary  stem 
reaching  to  the  bottom  of  tube  C.  The  mercury  rises  very  slowly 
in  tube  A,  so  that  no  air  bubbles  can  be  trapped  therein.  Care  is 
taken  to  keep  the  stem  of  the  funnel  full  during  the  filling  opera¬ 
tion;  otherwise  air  is  forced  into  the  regulator.  When  the  mer¬ 
cury  reaches  halfway  up  in  tube  D,  the  funnel  is  removed  and  the 
plunger  carefully  replaced.  In  so  doing  the  mercury  level  in  tube 
D  is  pushed  downward  while  that  in  tube  G  rises.  The  pressure 
1  created  by  the  difference  in  these  mercury  levels  will  soon  com¬ 
pletely  force  out  all  the  air  trapped  between  the  mercury  and 
the  plunger.  The  plunger  in  tube  D  is  not  air-tight,  although  no 
mercury  can  escape,  and  therefore  the  bottom  of  the  plunger 
should  always  be  slightly  below  point  7,  so  that  there  is  a  positive 


pressure  against  the  plunger, 
thus  preventing  air  from  enter¬ 
ing. 

The  adjustment  mechanism 
can  be  made  to  operate  over  a 
wide  temperature  range  by 
varying  either  the  bore  or  the 
length  of  the  Jena  KPG  tube. 

The  thermoregulator  described 
here  holds  about  110  ml.  of 
mercury  and  has  a  tempera¬ 
ture  range  of  80°  C.  (20°  to 
100°  C.). 

As  pointed  out  by  Geer 
(3)  and  others,  an  accurately 
controlled  thermostat  re¬ 
quires  more  than  just  a  sensi¬ 
tive  thermoregulator.  It  de¬ 
pends  just  as  much  on  the 
type  of  heater,  the  relay,  the 
thermal  insulation  of  the 
bath,  the  regulator  suspen¬ 
sion,  and  the  stirring.  The 
modified  radio  tube  relay 
system  (5)  used  requires  less 
than  2  microamperes  through 
the  regulator,  so  that  there  is 
no  sparking  at  the  mercury 
contact. 

Figure  2  shows  a  modified 
Heisig  and  Camerson  (4)  type 
of  double-walled  thermoregu¬ 
lator  with  indentations  in  the 
inner  tube  to  increase  the  sur- 
face  and  reduce  the  wall 
thickness.  This  regulator 
has  about  the  same  sensi¬ 
tivity  as  the  one  shown  in 
Figure  1,  but  requires  less 
mercury  (about  70  ml.).  The  inside  and  outside  tubes  being 
only  about  3  mm.  apart,  it  requires  some  glass-blowing  skill  to 
make  the  upper  and  lower  ring  seals,  while  an  amateur  glass 
blower  can  make  one  of  the  types  shown  in  Figure  1  without 
difficulty. 
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Correction.  In  the  article  entitled  “Quantitative  Separation 
and  Determination  of  Aluminum  and  Zinc”  [Ind.  Eng.  Chem., 
Anal.  Ed.,  8,  349  (1936)]  by  F.  H.  Fish  and  J.  M.  Smith,  Jr.,  no 
reference  was  made  to  the  work  published  by  H.  A.  Horan  and 
J.  B.  Damiano  [J.  Am.  Chem.  Soc.,  57,  2434  (1935)].  We  sin¬ 
cerely  regret  the  omission  of  this  important  reference. 

Reference  2  at  the  end  of  the  article  should  have  read:  Hey- 
rovsky.  J.,  J.  Chem.  Soc.,  117,  1013  (1920). 

F.  H.  Fish 
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Apparatus  for  the  Fractional  Distillation  of 

Liquefied  Gases 

ARTHUR  ROSE 

The  Pennsylvania  State  College,  State  College,  Pa. 


LOW-temperature  fractionating  columns  of  numerous 
designs  have  been  described  by  Frey  and  Yant  (10), 
Oberfell  and  Alden  (17),  Podbielniak  (20),  Davis  (2),  Bos- 
schart  (1),  and  others  (8,  7,  9, 12, 13, 1J),  18, 19, 21, 23).  These 
columns  are  all  characterized  by  a  partial  condenser,  and 
fractionation  takes  place  in  a  closed  system.  McMillan 
(16)  has  recently  patented  an  improved  form  of  such  appara¬ 
tus.  In  order  to  obtain  a  smooth  boiling  point  curve,  close 
and  continuous  attention  must  be  given  to  the  pressure  inside 
the  column  and  to  the  condenser  temperature  because  of  the 
effect  of  these  factors  on  the  boiling  point  observed.  The 
successful  operation  of  the  columns  requires  considerable  skill 
and  experience,  especially  when  the  mixture  being  analyzed 
contains  components  boiling  near  one  another.  The  ap¬ 
paratus  described  here  is  such  that  its  operation  can  be 
easily  mastered  and  it  gives  a  boiling  point  curve  that  is 
smooth  and  independent  of  all  reasonable  variations  in  con¬ 
denser  temperature  and  heat  input  to  the  still.  At  the  same 
time  the  apparatus  is  relatively  inexpensive  and  simply 
constructed. 

A  packed  glass  fractionating  column  310  mm.  (12  inches)  long 
and  6.3  mm.  (0.25  inch)  in  inside  diameter,  fitted  with  a  25-cc. 
still  and  a  condenser,  is  kept  cold  by  placing  it  in  a  large  Dewar 
tube  50  by  620  mm.  (2  X  24  inches)  in  inside  dimensions  (Figure 
1).  The  condenser  of  the  column  is  cooled  by  passing  liquid  air 
or  cold  air  through  it.  The  cold  air  coming  from  the  condenser 
is  passed  through  the  length  of  the  Dewar  tube  and  thus  keeps 


the  entire  apparatus  in  an  environment  suitable  for  operation. 
The  packed  section  is  surrounded  by  a  closely  fitting  but  not 
actually  sealed  outer  jacket,  which  creates  a  dead  air  space  and 
thus  partially  insulates  the  column  from  its  environment.  Since 
the  column  has  no  vacuum  jacket,  its  construction  involves 
only  simple  glass  blowing.  The  large  Dewar  tube  can  be  pur¬ 
chased  complete  at  a  cost  only  about  three  times  that  of  a  wide¬ 
mouthed  quart-size  Pyrex  Dewar.  Several  different  columns, 
each  with  certain  special  characteristics  highly  developed,  can  be 
inexpensively  constructed  and  used  with  the  same  large  Dewar 
tube  and  other  accessory  apparatus. 

The  column  is  designed  for  total  condensation,  the  product 
being  taken  off  as  a  gas  through  a  side  arm  just  below  the  con¬ 
denser,  while  the  top  of  the  condenser  may  be  left  open  to  the 
atmosphere.  Variations  of  pressure  in  the  column  and  the 
resulting  effects  on  boiling  points  are  thus  entirely  eliminated, 
even  though  the  condenser  temperature  may  vary  widely. 
The  condenser  is  purposely  constructed  with  a  large  heat 
capacity,  so  that  its  temperature  cannot  change  suddenly  or 
vary  rapidly  to  any  great  extent.  It  follows  that  the  appara¬ 
tus  may  be  operated  with  only  slight  fluctuations  in  pressure 
and  boding  point,  even  when  the  top  of  the  condenser  is  shut 
off  entirely  from  the  atmosphere,  as  in  vacuum  or  pressure 
distillation,  or  in  the  preparation  of  a  pure  substance  when  it  is 
desirable  to  be  absolutely  certain  that  no  contamination 
occurs. 

A  simple  semi-automatic  device  is  used  to  control  the  rate 
at  which  liquid  air  is  supplied  to  the  condenser,  so  that  the 


Figure  1.  Diagram  of  Apparatus 
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temperature  of  the  latter  is  kept  between  narrow  limits  and 
need  be  observed  and  regulated  only  occasionally.  The 
column  has  about  ten  theoretical  plates,  a  holdup  of  0.6  to  1.2 
cc.,  and  will  not  flood  until  about  1  cc.  per  minute  of  liquid  is 
passing  down  the  column  and  an  equivalent  amount  of  vapor 
is  ascending.  The  product  is  usually  taken  off  at  rates  of  5  to 
25  cc.  of  gas  per  minute,  but  with  certain  mixtures  rates  of 
75  to  100  cc.  of  gas  per  minute  are  possible  without  disturbing 
the  equilibrium  of  the  column.  The  liquid  air  requirement 
is  about  0.5  liter  per  hour. 

Details  of  Construction  and  Assembly 

The  large  Dewar  tube  is  entirely  silvered  except  for  two 
longitudinal  strips  15  mm.  wide  on  opposite  sides  which  make 
it  possible  to  observe  the  packed  section  and  the  still.  The 
Dewar  tube  is  enclosed  in  a  box  with  glass  front  and  back 
which  is  sealed  and  kept  filled  with  dry  air.  This  box  pro¬ 
tects  the  large  Dewar  from  breakage  and  prevents  condensa¬ 
tion  and  frosting  which  would  destroy  visibility  of  the  packed 
section.  The  still  of  the  column  is  heated  by  a  100-watt  in¬ 
ternal  heater  of  resistance  wire  sealed  to  copper  wires  carried 
through  the  glass  with  thin-walled  platinum  tubes.  The 
packing  may  consist  of  small  glass  triangles  (Figure  2)  or 
single-turn  glass  ( 2t ()  or  wire  ( 6 )  helices.  The  former  was 
used  in  all  experiments  described  here  because  experiments  in 
this  laboratory  (8)  indicated  its  superiority  as  to  efficiency, 
holdup,  and  throughput. 

To  prevent  condensation  in  the  side  arm  of  the  column  it  is 
wound  with  a  heater  of  resistance  wire  and  this  covered  with  a 
loosely  fitting  asbestos  sleeve.  The  side  arm  is  connected  by 
flexible  capillary  lead  tubing  to  the  diaphragm  valve,  C  (Figure  1), 
which  in  turn  is  connected  to  a  manometer  and  through  diaphragm 
valves  D  and  E  to  the  product  receivers  and  to  the  vacuum  line 
and  inlet  gas  sample  drier,  respectively. 

Connections  to  the  top  of  the  column  are  made  through  the 
glass  T  into  the  top  of  which  thermocouple  wires  are  first  care¬ 
fully  sealed  with  de  Khotinsky  cement  to  make  a  gas-tight  seal. 
After  the  condenser  is  in  place  enough  packing  is  placed  in  the 
column  to  reach  J.  To  keep  the  thermocouple  junction  centered 
in  the  column  it  is  fitted  with  a  wire  spiral,  the  last  turn  of  which 
is  the  same  diameter  as  the  inside  of  the  column.  All  other  turns 
of  the  spiral  are  of  small  diameter,  just  large  enough  to  be  slipped 
over  the  thermocouple  wires  to  which  it  is  tied  with  thread. 
The  end  of  the  thermocouple  wire  is  then  pushed  into  the  top 
of  the  column  about  2.5  cm.  (1  inch)  and  more  packing  placed 
around  it.  Another  spiral  is  then  fastened  in  place  to  keep  the 
packing  from  rising  out  of  place.  The  thermocouple  wire  is  then 

?ushed  down  until  its  end  touches  the  main  body  of  packing  at  J. 
n  order  to  get  correct  boiling  point  readings  it  is  essential  to 
have  an  inch  of  packing  immediately  above  the  end  of  the 
thermocouple  wire  and  to  have  the  wire  centered  in  the  column. 
When  this  is  achieved  the  T  is  sealed  to  the  top  of  the  column  with 
de  Khotinsky  cement.  The  side  of  the  T-tube  is  connected  to  a 
manometer  which  measures  the  pressure  in  the  column  and  also  by 
means  of  flexible  capillary  lead  tubing  to  the  diaphragm  valves, 
A  and  B,  leading  to  the  atmosphere  and  to  the  product  receiver, 
respectively.  Diaphragm  valves  are  very  advantageous  because 
after  they  are  once  assembled  and  tested  they  can  be  depended 
upon  to  be  gas-tight  even  under  considerable  pressure  until  the 
seat  becomes  worn.  Stopcock  grease  troubles  are  also  avoided. 
The  diaphragm  valves  on  the  market  at  present,  however,  have 
more  dead  space  than  is  desirable  for  the  distillation  of  small 
samples. 

Two  thermocouples  are  located  in  the  packing  just  below  the 
side  arm,  J,  and  another  about  2.5  cm.  (1  inch)  above  the  side 
arm,  I.  The  former  are  used  to  measure  the  boiling  point  of  the 
product  being  taken  off,  and  the  latter  to  make  sure  that  the 
reflux  coming  from  the  condenser  is  not  too  cold.  Thermocouples 
are  also  located  inside  and  outside  the  air  jacket,  G,  H,  so  that 
the  temperature  differential  between  the  material  in  the  column 
and  the  air  in  the  large  Dewar  tube  can  be  estimated  and  kept  at  a 
minimum.  With  this  arrangement  the  environment  of  the 
column  is  maintained  within  a  few  degrees  of  the  temperature  of 
the  column  itself.  All  temperatures  are  measured  with  copper- 
constantan  thermocouples  and  a  high-resistance  millivoltmeter 
which  can  be  read  to  0.01  millivolt  (0.4°  C.). 

The  condenser  is  made  from  two  concentric  pieces  of  thin- 
walled  steel  tubing  of  proper  dimensions,  to  which  ends  and 


Figure  2.  Glass  Packing  for  Column 

Packed  section  of  column,  and  individual  pieces  of  irregular 
glass  triangles  used  as  packing 


connecting  tubes  are  brazed  or  soldered.  The  inner  diameter  of 
the  inner  tube  of  the  condenser  and  the  outer  diameter  of  the 
glass  part  of  the  column  over  which  it  fits  are  made  of  such  a  size 
that  there  is  very  little  clearance  between  them.  Further  to  im¬ 
prove  the  heat  transference  across  this  small  air  gap,  it  is  filled 
with  a  low-melting  wax. 

There  is  a  baffle  in  the  upper  part  of  the  condenser  to  prevent 
the  incoming  cold  air  (or  liquid  air)  from  passing  directly  to  the 
lower  end  of  the  condenser.  The  condenser  is  packed  with  lead 
or  copper  shot  to  give  it  a  relatively  large  heat  capacity  and  to 
baffle  the  cold  air  further.  The  large  heat  capacity  makes  it 
very  easy  to  keep  the  condenser  near  a  desired  temperature. 
Liquid  air  is  supplied  to  the  condenser  directly  from  a  5-  or  15- 
liter  supply  flask  through  a  siphon  which  connects  to  the  top  of 
the  condenser  by  means  of  as  short  a  section  of  connecting  tubing 
as  possible.  That  part  of  the  siphon  that  extends  into  the  liquid- 
air  supply  flask  should  be  of  glass  or  other  material  of  low  heat 
conductivity  to  avoid  undue  consumption  of  liquid  air.  The  slow 
current  of  cold  air  issuing  from  the  mouth  of  the  large  Dewar 
tube  causes  formation  of  some  frost.  This  frost  is  prevented 
from  dropping  back  into  the  Dewar  tube  by  packing  the  topmost 
5  cm.  (2  inches)  of  the  tube  loosely  with  cloth.  At  the  end  of  a 
distillation  the  frost  should  be  blown  away  with  a  stream  of  air, 
and  the  cloth  removed  and  dried.  To  prevent  frost  and  liquid 
water  from  condensing  inside  the  Dewar  tube  after  a  distillation, 
a  slow  stream  of  dry  air  should  be  passed  through  the  condenser 
until  it  warms  up  to  room  temperature.  The  use  of  small  liquid- 
air  supply  flasks  is  subject  to  the  disadvantage  that  occasional 
sudden-  ebullition  (bumping)  of  the  liquid  air  greatly  increases 
its  rate  of  transfer  to  the  condenser  and  thus  the  temperature  of 
the  latter  is  caused  to  vary.  In  small  liquid-air  supply  flasks  the 
level  of  the  liquid  air  drops  rather  rapidly  and  frequent  adjust¬ 
ment  of  the  air  pressure  forcing  liquid  air  into  the  condenser  is 
required  to  maintain  condenser  temperature  constant. 

Control  of  Condenser  Temperature 

The  rate  at  which  liquid  air  is  supplied  to  the  condenser 
and  thus  the  temperature  of  the  condenser  is  controlled  (Fig¬ 
ure  1)  by  maintaining  a  suitable  air  pressure  (equivalent  to 
30  to  60  cm.,  12  to  24  inches,  of  water)  above  the  liquid  air  in 
the  supply  flask.  This  is  best  done  by  connecting  to  a  com¬ 
pressed-air  line  through  a  needle  valve  and  allowing  excess 
air  to  bubble  out  through  a  tube,  containing  a  suitable  height 
of  water  which  can  be  easily  varied.  By  providing  the 
column  manometer  with  an  extra  arm  (not  shown  in  dia¬ 
gram)  leading  to  the  bottom  of  the  tube  through  which  the 
excess  air  is  bubbling,  the  temperature  control  of  the  column 
can  be  made  nearly  automatic. 
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Figure  3.  Boiling  Point  Curve  of  Ethylene-Ethane 

Mixture 


Synthetic  mixture  containing  57.5  per  cent  ethane  and  42.5  per  cent  ethylene. 
Total  volume  of  sample  was  1185  cc.  of  gas,  equivalent  to  approximately  3  cc. 
of  liquid.  True  volume  of  ethylene  was  505  cc.,  while  that  found  from  this 
analysis  was  500  cc.  Time  required  for  analysis  was  2  hours.  Reflux  ratio 
was  15  to  1.  Rate  of  take-off  was  approximately  10  cc.  of  gas  (at  20°  C.)  per 
minute,  rate  of  boiling  10  drops  per  minute,  equivalent  to  0.5  cc.  of  liquid  or 
100  cc.  of  gas  (at  —100°  C.)  per  minute.  Air  outside  air  jacket  was  approxi¬ 
mately  5°  colder  than  air  inside  air  jacket. 


Operation  of  the  Column 

The  sample  is  allowed  to  enter  the  previously  evacuated  column 
through  its  side  arm  by  way  of  the  inlet  sample  drier  and  valves 
E  and  C  (A,  B,  and  D  being  closed)  until  a  pressure  of  about 
one  atmosphere  is  reached.  Liquid  air  is  forced  into  the  con¬ 
denser  rapidly  until  it  reaches  a  temperature  about  60°  C.  below 
the  boiling  point  of  the  lowest  boiling  condensable  gas  in  the 
sample,  as  measured  by  thermometer  at  F.  The  pressure  on  the 
liquid  air  in  the  supply  flask  is  then  adjusted  so  that  approxi¬ 
mately  this  temperature  is  maintained.  As  the  sample  condenses 
in  the  condenser  and  runs  into  the  still,  more  sample  is  allowed 
to  enter.  This  process  can  be  hurried  in  the  case  of  lower  boiling 
gases  (ethylene,  methane,  etc.)  by  placing  a  small  amount  of 
liquid  air  in  the  bottom  of  the  large  Dewar  tube.  In  ease  there 
are  in  the  sample  appreciable  amounts  of  gases  not  condensable 
by  liquid  air,  the  accumulation  of  these  will  cause  the  pressure 
in  the  column  to  rise.  When  enough  of  such  gases  have  ac¬ 
cumulated  to  give  a  pressure  greater  than  atmospheric,  they 
are  slowly  removed  through  valve  B  into  the  product  receiver  and 
then  examined  further  by  conventional  means  in  order  to  deter¬ 
mine  their  composition. 

When  all  the  condensable  portion  of  the  sample  is  in  the 
column,  valves  B  and  C  are  closed  and  the  heat  input  to  the  still  is 
adjusted  until  the  desired  rate  of  boiling  is  reached.  If  it  is 
desired  to  distill  methane,  it  is  necessary  to  keep  the  condenser  so 
cold  that  drops  of  liquid  air  occasionally  fall  from  the  condenser 
exit.  Under  such  conditions  there  is  no  difficulty  in  refluxing 
methane.  If  the  pressure  in  the  column  rises  to  greater  than 
atmospheric,  the  noncondensable  gases  causing  this  are  removed 
as  before.  If  the  pressure  becomes  constant  at  some  value  below 
atmospheric,  air  is  allowed  to  enter  slowly  through  valve  A  until 
the  desired  pressure  is  attained.  If  the  distillation  is  to  be 
carried  out  at  atmospheric  pressure,  valve  A  may  be  left  open. 
The  liquid-air  supply  to  the  condenser  should  be  adjusted  so  that 
the  temperature  of  air  in  the  large  Dewar  is  within  15°  of  the 
boiling  point  of  the  product  being  taken  off.  This  is  most 
easily  done  by  noting  the  condenser  temperature  corresponding 
to  the  correct  liquid-air  supply  and  then  maintaining  the  con¬ 
denser  at  this  temperature. 

From  this  point  on  the  operation  of  the  column  is  very 
similar  to  that  of  an  ordinary  packed  column,  the  product 
being  taken  off  through  valves  C  and  I)  into  the  product  re¬ 
ceiver.  The  usual  readings  of  boiling  point  and  amount  of 
product  taken  off  are  made  and  recorded  at  suitable  intervals. 
The  rate  of  take-off  (along  a  plateau  of  the  boiling  point 
curve)  may  be  75  to  100  cc.  of  gas  per  minute  without  dis¬ 
turbing  the  equilibrium  in  the  column,  but  rates  of  5  to  25  cc. 
per  minute  are  generally  more  satisfactory.  When  the  tem¬ 
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perature  at  the  top  of  the  packing  shows  signs  of  increasing, 
the  rate  of  take-off  may  be  decreased  to  give  a  higher  reflux 
ratio.  If  desired,  the  column  may  be  allowed  to  operate 
under  total  reflux  for  a  suitable  period.  As  the  temperature 
of  the  top  of  the  packing  rises  and  approaches  the  boiling 
point  of  the  next  component,  the  temperature  of  the  con¬ 
denser  may  also  be  allowed  to  rise  to  about  the  same  extent. 
The  size  of  the  intermediate  fraction  between  two  pure  sub¬ 
stances  can  be  decreased  if  25  to  75  cc.  of  product  are  removed 
through  the  top  of  the  column  after  the  boding  point  is  about 
midway  between  those  of  the  two  pure  substances.  This  re¬ 
sults  in  the  removal  of  any  of  the  lower-boiling  component 
that  may  be  trapped  in  the  condenser. 

If  the  column  floods  at  any  time  the  trouble  is  either  too 
much  heat  input  to  the  still,  or  too  high  a  temperature  in  the 
large  Dewar,  so  that  reboiling  is  taking  place  in  the  packed 
section.  In  the  latter  case  the  remedy  is  to  supply  a  little 
more  liquid  air  to  the  condenser,  thus  lowering  the  tempera¬ 
ture  of  the  entire  apparatus.  If  there  is  a  tendency  to  draw 
in  air  through  the  condenser,  or  if  the  pressure  in  the  column 
drops  when  the  product  is  taken  off,  the  rate  of  boiling  is  too 
low  and  heat  input  to  the  pot  should  be  increased,  or  the  tem¬ 
perature  of  the  air  in  the  large  Dewar  is  too  low  and  should 
be  allowed  to  rise  by  decreasing  liquid  air  supplied  to  the 
condenser. 

Typical  Results  Obtained  with  the  Column 

Mixtures  of  ethane  (boiling  point  —89°  C.)  and  ethylene 
(boding  point  —104°  C.)  were  chosen  to  dlustrate  the  results 
that  can  be  obtained  with  the  column  (Figure  3).  The  bod¬ 
ing  points  of  these  two  hydrocarbons  are  close  enough  to  one 
another  (a  =  2.25)  so  that  a  real  test  of  the  apparatus  is  af¬ 
forded,  and  they  are  also  near  the  middle  of  the  temperature 
range  for  which  the  column  is  intended.  Results  of  other 
distdlations  are  also  shown  (Figure  4).  In  examining  these 
boding  point  curves  it  is  to  be  emphasized  that  the  same 
smooth  curve  would  be  obtained  even  if  the  readings  were 
taken  and  recorded  by  automatic  devices  so  as  to  give  a  con¬ 
tinuous  series  of  points.  Experiments  with  ethylene-ethane 
mixtures  of  known  composition  have  shown  that  the  distilla¬ 
tion  curves  can  be  used  to  calculate  the  volume  of  either  com¬ 
ponent  in  such  a  mixture  to  within  =±=40  cc.  of  its  true  volume, 
if  a  minimum  of  400  cc.  of  that  component  is  present.  If  the 
vapor  pressure  ratio  of  the  components  being  separated  is 
more  favorable,  the  results  wdl  be  correspondingly  improved. 
The  equal  volume  method  of  determining  the  cut  point  was 
used.  The  equivalent  of  about  150  cc.  of  gas  remains  in  the 
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column  at  the  end  of  a  distillation  after  reflux  stops.  Figure  5 
shows  the  results  of  a  distillation  in  which  condenser  tempera¬ 
ture,  heat  input  to  pot,  rate  of  boiling,  and  rate  of  take-off 
were  purposely  varied  over  a  considerable  range.  The  ob¬ 
served  boiling  point  varied  only  slightly. 

The  correct  determination  of  the  boiling  point  of  the 
material  at  the  top  of  a  small  fractionating  column  is  a  dif¬ 
ficult  matter.  The  total  mass  and  therefore  the  total  heat 
capacity  of  the  material  around  the  thermocouple  junction 
are  quite  small  and  so  even  a  small  gain  or  loss  of  heat  from 
the  surroundings  destroys  the  vapor-liquid  equilibrium. 
There  is  need  for  the  development  of  some  different  method 
for  determining  the  composition  of  the  material  at  the  top  of  a 
small  fractionating  column.  The  method  should  preferably 
give  continuous  readings  on  very  small  amounts  of  material, 
and  be  such  that  extended  empirical  calibrations  are  not  re¬ 
quired.  Viscosity,  thermal  conductivity,  refractive  index, 
and  optical  and  electrical  properties  have  not  yet  been  thor¬ 
oughly  investigated. 

Distilling  Capacity,  Efficiency,  and  Holdup 

The  maximum  distilling  capacity  was  estimated  from  the 
number  of  drops  per  minute  falling  back  into  the  pot.  This 
was  done  with  both  benzene-carbon  tetrachloride  and  low- 
boiling  hydrocarbon  mixtures  and  the  results  ranged  around 
1  cc.  of  liquid  per  minute. 

The  efficiency  was  determined  with  a  mixture  of  benzene 
and  carbon  tetrachloride  after  the  column  had  been  slightly 
modified  so  that  samples  could  be  removed  from  the  pot. 
In  a  typical  experiment  the  refractive  index  of  the  pot  sample 
was  n2 S  =  1.4901,  while  that  of  the  side  arm  was  1.4779. 
In  another  experiment  the  corresponding  figures  were  1.4889 
and  1.4782.  Reference  to  the  vapor-liquid  equilibrium  dia¬ 
gram  for  benzene- carbon  tetrachloride  indicates  approxi¬ 
mately  ten  theoretical  plates  (5, 15). 

An  attempt  was  also  made  to  determine  the  number  of 
theoretical  plates  with  a  mixture  of  ethane  and  ethylene. 
After  equilibrium  had  been  reached  with  a  mixture  of  ethane 
and  ethylene  in  the  column,  small  samples  were  removed  and 
analyzed  by  absorption  with  fuming  sulfuric  acid.  In  a  typi- 
i:  cal  experiment  the  vapors  from  the  pot  analyzed  7.7  per  cent 
,  ethylene,  while  the  side-arm  sample  analyzed  88.0  per  cent 
i  ethylene.  This  gives  a  value  of  approximately  88.0  for  the 
enrichment  ratio.  The  vapor-liquid  equilibrium  relations  of 
ethane-ethylene  mixtures  are  not  known,  and  since  the  meager 
evidence  (11)  available  indicates  that  Raoult’s  law  may  not 
hold  true  for  the  above  system,  the  equivalent  number  of 
I  theoretical  plates  was  not  calculated  (4). 

The  holdup  was  estimated  by  collecting  separately  as  a  gas 
the  ethane  in  the  column  at  the  end  of  a  distillation  when  the 
pot  was  just  dry.  The  holdup  naturally  varied  with  the 
vapor  velocity  and  ranged  from  0.6  to  1.2  cc.  of  liquid. 

It  is  to  be  emphasized  that  a  decrease  in  holdup  by  itself 
cannot  be  equivalent  to  an  increase  in  equivalent  number  of' 
theoretical  plates.  Some  confusion  has  probably  resulted 
because  it  has  not  been  recognized  that  as  the  rate  of  boiling 
and  therefore  the  liquid  holdup  in  a  column  are  decreased  the 
number  of  theoretical  plates  may  actually  increase  markedly 
.(22) .  Often  the  improved  fractionation  is  accredited  en¬ 
tirely  to  the  decreased  holdup,  while  actually  it  is  due  in  a 
large  measure  to  increased  number  of  plates. 

It  is  not  low  holdup  alone,  but  low  holdup  per  plate  that  is 
desirable.  The  disadvantage  of  large  holdup  can  often  be 
overcome  by  increasing  the  size  of  the  sample  being  distilled, 
but  a  column  with  a  small  number  of  theoretical  plates  will  be 
satisfactory  only  for  separations  in  which  the  vapor  pressure 
ratio  is  large  (Ca  from  C3,  or  C3  from  C,  hydrocarbons). 
Serious  difficulties  are  encountered  when  the  ratio  is  small 
and  boiling  points  are  close  together  (isobutane  from  iso¬ 


butene,  butene-1  from  n-butane,  etc.).  These  difficulties 
will  persist  regardless  of  any  changes  in  holdup  or  other  char¬ 
acteristics,  unless  the  equivalent  number  of  theoretical 
plates  is  increased.  This  is  illustrated  by  the  figures  in 
Table  I.  In  part  A  of  Table  I  it  has  been  assumed  that  frac¬ 
tionation  of  a  butene-l-n-butane  mixture  has  reached  the 
equilibrium  stage  when  the  molal  ratio  of  these  components 
in  the  still  is  unity.  The  per  cent  composition  is  given  in  the 
first  column  of  the  table.  The  second  column  gives  the 
vapor  pressure  ratio  for  the  mixture  being  distilled.  The 
fourth  and  fifth  columns  give,  respectively,  the  enrichment 
factors  and  the  percentage  compositions  of  products  at  the 
top  of  the  column  for  columns  of  different  numbers  of  theo¬ 
retical  plates  as  indicated  in  the  third  column.  Parts  B,  C, 
D,  and  E  of  Table  I  give  corresponding  data  for  other  com¬ 
monly  encountered  mixtures.  These  relationships  will  hold 
regardless  of  any  changes  in  holdup  in  the  column  since  the 
conditions  are  those  of  total  reflux.  It  has  been  recognized 
that  the  separation  of  mixtures  like  D  and  E  is  much  easier 
than  the  separation  of  those  like  A  and  B.  Table  I  gives  a 
quantitative  measure  of  this  difference,  and  relates  it  to  the 
equivalent  number  of  theoretical  plates  in  a  column.  Table 
II  gives  the  vapor  pressure  ratios  for  other  common  mixtures. 


Table  I.  Effect  of  Equivalent  Number  of  Theoretical 

Plates 


Num¬ 
ber  of 

Vapor 

Plates 

Pres¬ 

in 

Composition  of 

sure 

Col¬ 

Enrichment 

Composition  of 

Liquid  in  Still 

Ratio 

umn 

Factor 

Product 

Butene-1 

n-Butane 

% 

% 

1 

1.2 

54.5 

45.5 

2 

1.44 

59 

41 

50%  butene-1 

1.2 

5 

2.5 

71 

29 

'  50%  n-butane 

10 

6.2 

86 

14 

20 

39 

97.6 

2.4 

30 

240 

99.4 

0.6 

Isobutane 

n-Butane 

1 

1.6 

61.5 

38.5 

2 

2.56 

72 

28 

,  50%  isobutane 

1.6 

5 

10.5 

91 

9 

50%  n-butane 

10 

101 

99 

1 

20 

12,000 

100 

0 

30 

1,300,000 

100 

0 

Propane 

Isobutane 

1 

3.5 

78 

22 

2 

12.2 

92.3 

8 

50%  propane 

q  ^ 

5 

520 

99.7 

3 

50%  isobutane 

0.0 

10 

6350 

99.95 

0.05 

20 

400,000 

100 

0 

30 

Ethane 

Propane 

1 

10 

90 

10 

2 

100 

99 

1 

,  50%  ethane 

10 

5 

10,000 

99.99 

0.01 

50%  propane 

10 

10,000,000 

20 

.... 

30 

Methane 

Ethane 

50%  ethane 

50 

1 

50 

98 

2 

50%  methane 

2 

2500 

99.96 

0.04 

Table  II.  Vapor  Pressure  Ratio  for  Htdrocajrbon  Pairs 


At  B.  P.  of 

At  B.  P.  of 

More  Volatile 

Less  Volatile 

Components 

Component 

Component 

Methane-ethane 

505 

37.7 

Ethane-propane 

15.2 

6.8 

Propane-isobutane 

3.8 

3.1 

Isobutane-n-butane 

1.58 

1.55 

n-Butane-isopentane 

3.04 

2.72 

Isopentane-pentane 

1.38 

1.36 

Methane-ethylene 

200 

23 

Ethylene-ethane 

2.45 

2.27 

Ethane-propylene 

10 

6.5 

Propylene-propane 

1.25 

Isobutane-isobutene 

i.22 

1.21 

Isobutene-butene-1 

1.02 

Butene- 1— n-butane 

1.21 

i.’20 

n-Butane-cis-butene-2 

1.05 

cis-Butene-2-<rans-butene-2 

1.11 

i.'io 
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Figure  5.  Details  of  Operation 

Shows  smooth  nature  of  boiling  point  curve,  even  when  there  are  large  variations  in  condenser  temperature,  heat  input  to 
pot,  and  rate  of  take-off.  Top  of  column  was  open  to  atmosphere  during  this  experiment,  so  there  was  no  variation  in  pres¬ 
sure.  During  interval  from  60  to  110  minutes  on  time  scale,  apparatus  operated  without  any  attention  whatever. 


The  uncertainties  in  these  calculations,  due  to  lack  of  com¬ 
plete  knowledge  of  vapor  pressure  and  vapor-liquid  equilib¬ 
rium  relations,  are  not  great  enough  to  have  any  marked  effect 
on  the  results. 

Limitations  and  Errors 

It  is  not  intended  to  represent  that  the  apparatus  makes 
sharper  separations  and  requires  smaller  samples  or  less  time 
for  analysis  than  others  that  have  been  described.  Its  utility 
depends  upon  its  ease  and  simplicity  of  operation,  flexibility, 
relatively  simple  construction,  and  low  cost,  and  upon  the 
fact  that  it  gives  a  correct  boiling  point  curve  even  in  separa¬ 
tions  where  the  vapor  pressure  ratio  is  unfavorable. 

Certain  errors  are  unavoidable  in  any  distillation  analysis. 
With  the  apparatus  described  here  these  are  as  follows : 

1.  At  the  beginning  of  a  distillation  some  of  the  lowest  boiling 
component  is  required  to  fill  the  dead  space  in  and  above  the 
condenser,  the  line  to  the  column  manometer,  and  the  side  arm. 

2.  A  further  portion  of  the  lowest  boiling  component  is  re¬ 
quired  to  fill  dead  space  between  the  diaphragm  valve,  C,  and  the 
product  receiver. 

3.  The  use  of  the  equal  volume  method  of  determining  the  cut 
point  may  lead  to  error  because  the  first  half  of  the  intermediate 
fraction  may  not  contain  half  of  each  component. 

4.  At  the  end  of  a  distillation,  some  of  the  highest  boiling 
component  remains  in  the  column. 

Errors  1  and  2  affect  the  analysis  in  two  ways — i.  e.,  they 
decrease  the  percentage  of  lowest  boiling  component  below  its 
true  value  and  they  decrease  the  total  volume  of  the  sample 
below  its  true  value  and  therefore  cause  an  increase  in  the 
percentage  of  all  components.  Error  3  affects  the  volume 
and  percentage  of  each  component  present  in  a  different  way , 
since  the  magnitude  of  the  error  depends  upon  the  nature  of 
the  vapor  pressure-composition  curve  of  the  pair  of  com¬ 
ponents  being  separated.  This  error  enters  twice  for  each 
component  except  highest  and  lowest  boiling  components. 
Error  4  decreases  the  percentage  of  highest  boiling  component 
below  its  true  value  and  decreases  the  total  volume  of  the 
sample  below  its  true  value.  It  also  necessitates  the  assump¬ 


tion  that  all  of  the 
residue  is  the  same  com¬ 
position  as  the  last  por¬ 
tion  on  which  a  boding 
point  could  be  obtained. 
Errors  1,  2,  and  4  are 
easily  corrected  for  by 
measuring  the  volume  of 
the  various  parts  of  the 
column. 

Several  methods  have 
been  proposed  for  deter¬ 
mining  the  exact  volume 
of  a  given  component 
from  the  distillation 
curve,  including  the 
equal  volume,  the  equal 
area  (20),  and  the  equal 
mole  fraction  of  vapor 
methods  (7).  Only  the 
latter  takes  into  account 
the  fact  that  the  first  half 
of  the  intermediate  frac¬ 
tion  contains  more  than 
half  of  the  fighter  com¬ 
ponent.  With  the  ap¬ 
paratus  described  here 
the  equal  volume  method 
seems  to  give  values  as 
nearly  correct  as  the 
precision  of  the  results 
warrants  and  this  method  has  been  used  in  the  cases  dis¬ 
cussed  here.  In  such  calculations,  it  is  not  necessary  to 
have  an  extremely  sharp  break  in  the  distillation  curve  if 
the  boiling  points  used  in  plotting  the  curve  are  the  correct 
ones.  The  determination  of  the  boiling  points  by  means  of  a 
thermocouple  in  the  packing  below  the  side  arm  rather  than 
in  the  condenser  gives  correct  boiling  points,  since  this  causes 
the  temperature  of  the  thermocouple  to  be  determined  solely 
by  the  equilibrium  mixture  of  liquid  and  vapor  passing  over  it, 
and  not  by  the  temperature  of  the  condenser. 

Modifications 

The  apparatus  is  described  here  in  its  simplest  and  most 
generally  useful  form.  Modifications  of  many  kinds  may  be 
made  to  suit  the  requirements  of  particular  types  of  distilla¬ 
tion.  The  air  jacket  may  be  replaced  by  a  strip-silvered 
vacuum  jacket  and  the  operation  of  the  column  then  be¬ 
comes  even  easier  and  efficiency  will  increase,  but  the  cost  of 
construction  is  increased.  The  use  of  this  vacuum  jacket  is 
recommended  in  cases  where  the  column  is  to  be  used  by  en¬ 
tirely  inexperienced  operators  without  supervision.  The 
.column  may  be  operated  as  a  partial  condenser  type,  all 
products  being  taken  off  through  the  top  of  the  column. 
If  it  is  necessary  to  transfer  samples  to  the  still  as  liquid 
phase,  a  suitable  connection  of  capillary  tubing  may  be  made 
directly  to  the  bottom  of  the  column. 

Distillation  of  Complex  Butane-Butene  Mixtures 

The  problem  of  the  analysis  of  mixtures  containing  iso¬ 
butane  (b.  p.  —11°  C.),  isobutene  (b.  p.  —7  C.),  butene-1 
(b.  p.  -6.5°  C.),  normal  butane  (b.  p.  -0.5°  C.),  cts-butene-2 
(b.  p.  +1°  C.),  and  <rans-butene-2  (b.  p.  +3.7°  C.)  has  not 
yet  been  satisfactorily  solved  and  will  continue  to  be  of  im¬ 
portance  because  of  the  availability  and  reactivity  of  these 
substances.  A  successful  analysis  of  such  mixtures  depends 
upon  efficient  fractionation  with  cuts  between  isobutane  and 
isobutene,  and  between  butene-1  and  n-butane.  Acid  absorp- 
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tion  or  some  physical  property  can  then  be  used  for  analysis 
of  the  fractions,  if  the  cuts  are  sufficiently  sharp.  Since  the 
vapor  pressure  ratio  for  isobutane-isobutene  or  butene- 1-n- 
butane  is  approximately  1.2,  it  is  obvious  that  columns 
having  on  the  order  of  ten  theoretical  plates  will  not  be  satis¬ 
factory  since  the  enrichment  factor  is  less  than  7.  However, 
a  column  like  that  described  in  this  paper,  but  with  a  packed 
section  about  90  cm.  (3  feet)  long,  would  have  30  or  more 
plates  and  an  enrichment  factor  of  about  240.  This  would 
give  the  required  sharpness  and  smooth  operation,  along 
with  a  reasonable  throughput. 

Experience  with  the  column  described  above  and  other 
experiments  on  fractionation  in  small-diameter  columns  {22) 
suggest  that  at  least  some  previously  described  columns, 
such  as  those  referred  to  in  the  first  paragraph  of  this  paper, 
can  be  considerably  improved  for  purposes  of  butane-butene 
distillation  by  modifying  them  as  follows : 

1.  Use  single-turn  glass  or  wire  helices  as  packing. 

2.  Relocate  the  thermocouple  junction  about  2.5  cm.  (1  inch) 
below  the  bottom  of  the  condenser. 

3.  Increase  the  heat  capacity  of  the  condenser  by  packing  it 
with  lead  or  copper  shot. 

4.  Supply  liquid  air  to  the  condenser  at  a  constant  rate  by  a 
device  such  as  that  described  above. 

5.  Supplement  the  manually  controlled  take-off  valve  by  an 
automatic  sintered-glass  mercury  valve  {16). 

The  combined  effect  of  these  modifications  will  be  to  in¬ 
crease  the  total  time  required,  but  the  equivalent  number  of 
theoretical  plates  will  be  increased  at  practical  rates  of 
throughput,  and  irregular  variations  in  the  boiling  point  will 
be  minimized  because  the  direct  transfer  of  heat  from  the 
thermocouple  junction  and  its  immediate  surroundings  is 
made  more  regular,  pressure  variations  in  the  column  are  de¬ 


creased,  and  efficiency  of  fractionation  is  stabilized  at  a  high 
level. 
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Oil  Acidity  Pipet 


W.  F.  DAVIDSON 

Brooklyn  Edison  Company,  Inc.,  Brooklyn,  N.  Y . 


THE  author’s  inspection  and  salvag¬ 
ing  of  transformer  oil  often  re¬ 
quired  acidity  determinations  of  many 
samples.  The  normal  procedure  in¬ 
cluded  the  weighing  of  a  20-gram 
sample,  the  addition  of  150  ml.  of 
benzene-methyl  alcohol  solvent,  and 
titration  with  standard  alcoholic  po¬ 
tassium  hydroxide,  using  alkali  blue  as 
an  indicator.  Evans  and  Daven¬ 
port  (I)  showed  this  method  to  be 
superior  to  the  contemporary  tentative 
A.  S.  T.  M.  procedures.  The  appa¬ 
ratus  described  below,  however,  may 
be  adapted  for  use  in  the  current  ten¬ 
tative  A.  S.  T.  M.  Designation  D188- 
27T  by  making  it  with  the  proper 
capacities  for  oil  and  solvent. 

When  there  was  a  large  number  of 
samples  the  weighing  seemed  tedious 
and  time-consuming.  An  investiga¬ 
tion  of  the  specific  gravities  of  a  con¬ 
siderable  number  of  used  transformer 
oils  revealed  slight  differences,  and  sug¬ 
gested  a  simpler  means  of  measuring 
the  desired  amount  for  analysis.  At 


25°  C.  the  average  weight  of  23  ml.  of  samples  from  20  dif¬ 
ferent  transformers  was  20.041  grams.  The  maximum  de¬ 
viation  from  the  mean  was  0.133  gram.  Since  the  probable 
error  involved  in  measuring  the  sample  by  volume  was  con¬ 
siderably  less  than  the  error  in  titration,  there  could  be  no 
advantage  in  using  the  more  precise  weight  method.  A 
convenient  way  of  measuring  both  the  sample  and  solvent 
may  be  accomplished  with  the  combination  pipet  shown  in 
the  diagram. 

The  particular  feature  of  this  apparatus  is  its  self-rinsing  prop¬ 
erty.  The  oil  sample  is  drawn  into  the  lower  pipet  and  the  oil 
adhering  to  the  outer  side  of  the  tip  may  be  wiped  off  before  in¬ 
troducing  the  solvent,  which  is  drawn  in  until  the  upper  pipet  is 
filled.  The  oil  does  not  mix  spontaneously  with  the  solvent,  but 
remains  in  the  lower  part  of  each  pipet.  When  the  contents  are 
drained  into  the  titration  flask,  the  oil  is  washed  completely  from 
the  pipet  by  the  supernatant  solvent.  The  apparatus  may  be 
used  subsequently  without  further  cleansing,  and  contamination 
is  negligible. 

The  use  of  the  special  pipet  in  conjunction  with  a  standard 
self-filling  buret  has  reduced  the  time  required  for  acidity 
determinations  to  25  per  cent  of  that  required  by  the  old 
procedure. 
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An  Improved  Design  of  Rodgers  Ring  Burner 

G.  FREDERICK  SMITH,  University  of  Illinois,  Urbana,  Ill. 


THE  Rodgers  ring  burner  (E.  H.  Sargent  Co.,  Catalog 
No.  2372)  has  so  many  features  which  may  be  used  to 
advantage  by  the  analytical  chemist  that  additional  attention 
ought  to  be  directed  to  it  by  describing  modifications  in 
design  which  will  extend  its  field  of  usefulness.  Improvements 
which  have  been  found  by  extended  use  to  be  very  satisfactory 
are  therefore  described. 


Figube  1.  Unmodified  Rodg- 
ebs  Bub NEB 


The  unmodified  Rodgers 
burner  is  shown  in  Figure  1. 
The  design  of  base  and  gas 
and  air  adjustment  are  a 
cross  between  the  P.  G.  and 
E.  type  of  burner  (A.  H. 
Thomas  Co.,  Catalog  No. 
2594)  and  the  Boyce  adjust¬ 
able  burner  (Central  Scien¬ 
tific  Co.,  Catalog  No.  11065). 
The  gas  intake  is  adjusted 
by  a  needle  valve  with  milled- 
head  disk  which  moves  up 
and  down  at  the  lower  end 
of  the  vertical  tube,  serving 
as  mixing  chamber  as  in  the 
Boyce  burner,  with  a  bushing 
type  of  air-intake  adjustment 
for  altering  proportions  of  gas 
and  air  burned  as  in  the  P.  G. 
and  E.  type.  The  Rodgers 
burner  terminates  at  the  up¬ 
per  extremity  in  a  bronze 
ring,  87  mm.  outside  di¬ 
ameter  and  72  mm.  inside 
diameter  and  14  mm.  thick, 
attached  to  the  burner  barrel 
by  a  hollow  U-shaped  support 
40  mm.  deep.  There  are  12 
flame  jet  openings  on  the  in¬ 
side  of  the  bronze  ring  ap¬ 
proximately  3  mm.  in  diame¬ 
ter. 

Supported  by  the  gas-mix¬ 
ing  tube  of  the  Rodgers 
burner  there  is  attached  an 
inverted  tripod  support  for 
three  heavy-gage  wires,  termi¬ 
nating  above  the  ring  burner 
and  returning  inside  the  ring 


to  serve  as  supports  for  a  triangle  of  nichrome  wire  threaded 
through  holes  drilled  through  the  wire  ends  as  shown  in  Figure  1. 

The  modified  Rodgers  ring  burner  is  shown  in  Figure  2.  The 
base  of  the  apparatus  has  been  greatly  increased  in  diameter. 
An  iron  plate  3  mm.  thick  is  cut  20  cm.  in  diameter,  with  the 
outside  edge  beveled  and  with  an  80-mm.  hole  in  the  center. 
The  base  of  the  unmodified  burner  is  attached  to  the  new  base 
with  three  screws,  as  shown  in  Figure  2.  A  calibrated  alumi¬ 
num  disk  is  attached,  using  small  screws,  to  the  under  side  of  the 
needle-valve  regulator  of  the  unmodified  burner  and  a  pointer  is 
fastened  to  the  regular  base,  as  shown  in  section  A-A.  The  barrel 
of  the  burner  is  calibrated  to  aid  in  adjusting  the  height  of  the 
wire  crucible  support  on  the  burner  barrel.  The  iron-wire  cru¬ 
cible  supports  of  the  unmodified  burner  are  removed  and  in  their 
place  a  4-mm.  nichrome  wire  bent  as  shown  is  substituted.  The 
triangular  nichrome-wire  crucible  support  of  the  original  burner 
is  replaced  by  a  platinum  wire. 

A  piece  of  stainless  steel  45  mm.  in  diameter  and  41  mm.  high 
is  drilled  and  machined  to  allow  the  insertion  of  a  25  to  35-ml. 
platinum  crucible  with  a  fairly  close  fit,  as  shown  in  Figure  3. 
The  crucible  should  be  left  to  protrude  at  the  top  3  to  4  mm. 
This  stainless-steel  radiator  just  fits  within  the  nichrome-wire 
crucible  supports  with  their  platinum-wire  triangular  base. 

In  use  the  burner  is  connected  to  the  gas  supply  (natural  or 
artificial  gas),  with  the  needle  valve  closed  and  the  supply  fine 
valve  open.  The  flame  jet  magnitude  is  then  controlled  by 
opening  the  calibrated  needle-valve  adjustment  to  the  de¬ 
sired  position  and  properly  regulating  the  air  mixture  em¬ 
ployed.  A  nichrome-wire  gauze  may  be  placed  over  the  burner 
on  the  upright  nichrome  supports.  A  beaker  placed  over  a 
flame  on  the  wire  gauze  may  be  raised  or  lowered,  using  the 
adjusting  screw  on  the  calibrated  burner  barrel.  Almost 
any  degree  of  temperature  ordinarily  employed  may  be  thus 
maintained  to  a  very  close  margin,  ±5°  or  even  less.  Awash 
bottle  may  be  kept  hot  to  the  desired  degree  without  boiling. 
A  platinum  crucible  may  be  heated  from  the  top  downwards 
by  supporting  it  on  the  platinum  triangle  and  raising  it 


Figube  2.  Modified  Rodgebs  Ring  Bubneb 
With  stainless  steel  crucible  radiator 
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Figube  3.  Modified  Rodgebs  Bubneb  with 
Cbucible  Radiatob  and  Platinum  Crucible 
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gradually  into  the  surrounding  jets  of  the  gas  ring  burner. 
The  stainless-steel  radiator  may  be  inserted  as  shown  in  Figure 
2  with  an  even  better  effect  in  the  volatilization  of  sulfuric  acid 
from  a  platinum  crucible  inserted  within  the  radiator,  or  in 
the  charring  of  filter  paper  prior  to  final  ignition  at  low  heat, 
and  finally  at  higher  heat,  with  the  radiator  removed.  Many 


other  applications  will  occur  to  the  analyst.  The  enlarged 
base  provides  needed  stability  not  given  by  the  unmodified 
Rodgers  burner.  The  writer  believes  that  the  user  of  the 
newly  formed  burner  will  be  well  compensated  for  the  effort 
involved  in  remodeling. 

Received  August  25,  1936. 


Standard  Liquids  for  the  Microscopic  Determination 

of  Refractive  Index 
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THE  refractive  index  of  a  material  is  a  definite  physical 
constant  which,  when  easily  determined,  is  a  valuable 
aid  to  the  rapid  identification  of  many  substances.  Identifica¬ 
tion  by  this  method  has  the  advantage  of  not  requiring  the 
consumption  of  the  material  under  investigation. 

Microscopic  methods  for  the  determination  of  refractive 
indices  are  especially  useful  and  have  long  been  used  in  the 
identification  of  minerals  (4),  and  more  recently  in  the 
identification  of  alkaloids  and  fibers  (S).  Of  the  microscopic 
methods  available,  the  most  generally  applicable  are  those 
comparing  the  index  of  refraction  of  the  material  with  a 
liquid  of  known  index. 

In  the  Becke  line  method,  the  crystal  or  particle  is  immersed 
in  a  liquid  of  known  index  of  refraction  on  a  microscopic  slide  and 
viewed  through  a  microscope  with  an  objective  whose  numerical 
aperture  is  about  0.50.  On  raising  the  tube  of  the  microscope, 
a  halo  of  fight  around  the  particle  moves  from  the  medium  of 
lower  to  the  medium  of  higher  index  of  refraction.  By  substitut¬ 
ing  other  liquids  the  index  of  the  material  is  obtained  within 
the  limits  of  the  liquids  available. 

In  the  oblique  illumination  method  the  particle  is  similarly 
compared  with  liquids  of  known  index.  In  this  case  an  objective 
of  low  aperture  is  substituted  and  fight  is  made  to  pass  obliquely 
through  the  drop,  either  by  tilting  the  mirror  to  one  side  or  by 
shading  a  part  of  the  fight  source.  The  crystal  is  shaded  on 
one  side.  When  using  a  substage  condenser  in  the  system  the 
crystal  is  shaded  on  the  same  side  as  the  shadow  in  the  field  if 
it  has  a  higher  index  of  refraction  than  the  surrounding  medium, 
and  on  the  opposite  side  if  its  index  is  lower  (1,  2,  4,  5). 

The  Becke  line  method  serves  best  with  particles  having 
'  faces  nearly  perpendicular  to  the  stage  of  the  microscope; 
the  oblique  illumination  method  for  particles  whose  cross 
sections  are  more  nearly  lenticular.  Either  device  is  capable 
of  detecting  a  refractive  index  difference  of  0.002  to  0.003. 
However,  such  small  differences  are  seldom  required. 

Since  comparison  with  liquids  of  known  refractive  index 
is  the  essence  of  the  determination,  a  series  of  liquids  whose 
refractive  indices  vary  by  small  and  regular  intervals  is  re¬ 
quired.  Chamot  and  Mason  ( 1 )  suggest  such  a  list  (p.  385). 
However,  such  lists  contain  many  natural  oils  whose  indices 
(  often  are  found  to  be  different  from  the  published  values, 
furthermore,  the  intervals  are  not  regular,  varying  from  0  to 
0.02  in  the  range  of  the  most  frequently  used  liquids. 

Such  difficulties  can  be  overcome  by  making  artificial  mix¬ 
tures  of  totally  miscible  pure  liquid  compounds,  whose  re¬ 
fractive  indices  are  far  apart  but  whose  vapor  pressures  are 
nearly  the  same  (for  stability).  Not  many  liquid  pairs  have 
this  desirable  combination  of  properties,  but  a  search  of  the 
literature  revealed  the  fairly  common  compounds  listed  in 
Table  I. 

From  Table  I  it  is  evident  that  the  range  of  refractive  index 
between  1.6582  and  1.4234  can  be  covered  by  mixtures  of 
a-bromonaphthalene  and  heptylic  acid  and  the  range  between 


1.4981  and  1.3841  (or  between  1.4234  and  1.3841  if  no  over¬ 
lapping  with  the  other  series  is  desired)  by  mixtures  of 
mesitylene  and  ethyl  propionate.  Furthermore,  ra-butyl 
phthalate  can  be  substituted  for  the  more  expensive  heptylic 
acid  above  1.4932. 

Chemicals  of  technical  grade  were  employed.  An  Abb6 
refractometer  was  used  for  the  refractive  index  determina¬ 
tions.  For  each  pair  of  liquids  to  be  mixed  a  graph  was  made 
relating  the  percentage  by  volume  of  each  component  and  the 
refractive  index  of  the  mixture  and  from  this  graph  was  read 
the  ratio  of  the  components  required  to  give  the  desired 
refractive  index.  The  mixtures  were  made  from  small  burets 
and  the  index  was  checked  with  the  refractometer.  If  the 
agreement  was  not  within  0.001  it  was  easily  adjusted  by 
trial  and  error  and  checking. 


Table  I.  Refractive  Index  and  Vapor  Pressure  of  Organic 

Liquids 


Compound 


a-Bromonaphthalene 
n-Butyl  phthalate 
Heptylic  acid 
Mesitylene 
Ethyl  propionate 


Refractive 

Vapor  Pressure  Index  at  20° 


°  c. 

Mm. 

110 

3.5 

1 . 6582 

no 

3.8 

1 . 4932 

90 

1.9 

1.4234 

20 

27.15 

1.4981 

20 

27.75 

1.3841 

By  this  means  a  set  of  liquids  from  n  =  1.655  to  n  =  1.385 
with  intervals  of  0.005  was  prepared.  The  mixtures  were 
kept  in  small  glass-stoppered  bottles.  One  year  after  prepara¬ 
tion  the  liquids  containing  a-bromonaphthalene  and  butyl 
phthlate  or  heptylic  acid  had  remained  constant  to  within  a 
refractive  index  of  0.002,  even  though  they  had  been  in¬ 
advertently  exposed  to  sunlight  for  an  indefinite  period. 
Under  ordinary  usage,  the  liquids  containing  ethyl  propionate 
and  mesitylene  remained  constant  within  0.005  for  a  period  of 
3  months. 

Since  the  liquid  mixtures  described  above  cover  the  range 
of  refractive  index  of  a  large  number  of  minerals  and  of  all 
the  common  textile  fibers,  they  are  especially  useful  in  these 
fields.  Identification  of  organic  compounds,  of  course,  is 
limited  to  those  which  do  not  dissolve  in  the  liquids. 
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Preparation  of  Laboratory  Refractory  Crucibles 

P.  S.  ROLLER,  D.  RITTENBERG,  AND  A.  GABRIEL,  U.  S.  Bureau  of  Mines,  New  Brunswick,  N.  J. 


FOR  studies  at  very  high  temperature  special  refractory 
crucibles  are  required.  Above  1500°  C.  the  refractory 
materials  usually  considered  are  alumina,  zirconia,  magnesia, 
beryllia,  and  thoria  and  certain  silicate  compounds  of  these, 
such  as  mullite  and  zircon.  These  materials  are  all  non¬ 
plastic,  so  that  under  ordinary  circumstances  they  are  not 
adapted  to  the  operations  of  hand  molding  or  casting  so 
successfully  employed  with  plastic  clay.  For  the  nonplastic 
refractories,  forming  the  crucibles  under  mechanical  pressure 


Figure  1.  Assembly  for  Forming 
Crucibles 


seems  to  be  the  most  generally  suitable.  However,  especially 
with  thin-walled  crucibles,  considerable  attention  must  be 
given  to  technic.  A  mode  of  operation  has  been  described  (1 ), 
the  essential  feature  of  which  consists  in  securing  an  equal 
density  after  compression  in  the  base  and  walls.  The  pres¬ 
sures  required  for  this  purpose  are  generally  different  for  the 
walls  and  base.  Equal  density  of  compression  results  in  a 
uniformly  strong  crucible,  which  can  be  made  on  a  dependable 
production  schedule. 

The  previous  procedure  consisted  in  forming  the  walls, 
leaving  a  very  small  ridge  and  welding  the  base  to  the  walls 
at  the  ridge.  Subsequent  more  extended  work  has  shown  that 
this  two-stage  procedure  is  not  always  successful,  because  of 
a  relatively  large  discontinuity  at  the  weld.  A  modified 
procedure  was  therefore  developed  which  obtains  the  same 
results  of  equal  density  of  compression  without  the  variable 
discontinuity  that  exists  in  the  two-stage  method. 

Modified  Procedure 

The  assembled  mold  is  shown  in  Figures  1  and  2.  The  core 
is  hollowed  out  to  reduce  its  weight.  Operation  is  as  follows: 

With  the  steel  die  and  base  plug  in  place,  sufficient  damp 
powder  is  tamped  in  to  provide  the  base.  The  core  is  then 
centered  in  position,  and  powder  tamped  in  by  means  of  the 
sleeve.  With  the  help  of  the  removable  auxiliary  core,  pressure 
is  successively  applied  to  the  walls  and  base  in  predetermined 
small  steps  until  the  final  maximum  pressure  has  been  reached 
independently  for  both  walls  and  base — usually  different  values. 
The  relative  pressure  depends  on  the  nature  of  and  fineness  of  the 
material  and  on  the  amount  of  moistening  agent.  Its  value  is 
determined  by  density  measurements  on  an  oven-dried  crucible. 

After  pressing,  the  mold  is  loosened  and  the  sleeve  is  twisted  in  a 


horizontal  plane,  so  as  to  break  the  bond  between  it  and  the 
walls  of  the  crucible.  The  core  is  similarly  twisted  by  means 
of  a  bolt  that  screws  into  it,  and  is  then  lifted  out  with  a  rotary 
motion.  If  the  sleeve  does  not  come  with  the  core  it  is  lifted  out 
separately. 

By  this  procedure,  even  though  the  crucible  wall  be  tamped 
in  firmly,  a  gradient  exists  along  the  wall  from  the  upper  edge 
to  the  base.  For  example,  for  a  zircon  crucible,  a  load  of  20 
kg.  on  a  5-mm.  wall  50  mm.  long  showed  for  the  oven-dried 
product  a  density  of  3.580  at  the  top  third  section  and  3.319  at 
the  bottom  section,  a  difference  of  nearly  10  per  cent.  Cor¬ 
responding  to  this  difference  in  density,  the  top  section  of  the 
green  crucible  was  obviously  much  stronger  than  the  bottom 
section. 

Where  it  is  desired  to  have  a  uniformly  dense  wall,  the 
procedure  may  be  altered  by  applying  the  final  maximum 
pressure  to  the  wall  in  three  or  more  sections.  To  minimize 
the  discontinuity  thus  incurred,  the  lower  edge  of  the  sleeve 
is  made  saw-toothed.  Before  applying  pressure  to  each  sec¬ 
tion  of  the  wall,  it  is  essential  that  the  powder  that  has  been 
tamped  in  be  leveled  by  means  of  a  rotary  motion  of  the  saw¬ 
toothed  sleeve.  Although  the  place  where  the  sections  meet 
is  made  visible  by  etching  of  the  steel  mold,  no  trouble  during 
drying  or  firing  has  been  experienced  at  that  point.  The 
topmost  section  of  the  wall  is  made  with  a  smooth-edged 
sleeve. 


1  2  3  4 

Figure  2.  Crucible  Mold  Disassembled 

1.  Die 

2.  Base  plug 

3.  Core  and  auxiliary  core 

4.  Sleeve 

By  means  of  the  above  procedures  satisfactory  large  cru¬ 
cibles  5.0  cm.  in  diameter  have  been  produced  with  a  wall 
as  thin  as  3  mm.  A  thinner  wall  could  probably  also  be  had 
if  desired. 

The  moistening  solution  consists  solely  of  the  slightly 
acid  chloride  of  the  refractory  metal  oxide.  Small  amounts 
of  phosphate  promote  stability  on  firing  (I).  The  green 
crucible  may  be  placed  in  the  drying  oven  within  an  hour 
after  pressing.  Firing  is  almost  invariably  to  be  done  in  an 
oxidizing  atmosphere. 
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Semi-Microdetermination  of  Acetyl 

Especially  in  O-Acetyl  Compounds 

E.  P.  CLARK,  Bureau  of  Entomology  and  Plant  Quarantine,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 


THE  microdetermination  of  acetyl  is  a  procedure  in  need 
of  improvement,  as  evidenced  by  the  numerous  methods 
and  their  variants  that  have  appeared  during  recent  years  (2). 
Except  for  special  cases,  these  procedures  may  be  grouped  in 
two  classes.  The  principle  involved  in  the  first  class  consists 
of  aqueous  acid  hydrolysis  followed  by  the  distillation  and  es¬ 
timation  of  the  acetic  acid  formed;  in  the  second  class  alco¬ 
holic  acid  hydrolysis  is  followed  by  the  distillation  of  the 
resulting  ethyl  acetate  along  with  the  excess  of  alcohol,  and 
finally  the  estimation  of  the  acetyl  in  the  ethyl  acetate  by 
hydrolysis  with  an  excess  of  standard  alkali. 

The  first  type  of  these  general  methods  is  inapplicable  to 
many  classes  of  compounds,  because  aqueous  acids  will  not 
affect  hydrolysis.  The  second  type  of  procedure  is,  in  general, 
more  reliable  and  simple  when  applied  to  macrosamples,  but 
for  small  quantities  it  fails  because  the  ethyl  acetate  cannot 
be  completely  hydrolyzed  without  employing  a  standard  alkali 
solution  too  strong  to  yield  accurate  results.  Both  general 
procedures  also  suffer  from  the  fact  that  they  are  too  time- 
consuming,  or  the  apparatus  or  manipulative  details  required 
are  too  complicated,  or  both. 

A  semi-microprocedure  for  the  determination  of  acetyl,  es¬ 
pecially  in  O-acetyl  compounds,  based  upon  a  different  prin¬ 
ciple  and  largely  free  from  the  disadvantages  enumerated,  is 
presented  for  consideration.  With  few  exceptions  it  has 
given  uniformly  good  results  with  all  compounds  upon  which 
it  has  been  tried,  and  its  accuracy  is  also  well  within  the 
range  for  which  it  is  intended.  The  method  involves  (1)  the 
hydrolysis  of  the  acetyl  compound  with  N  ethanolic  potas¬ 
sium  hydroxide;  (2)  the  dilution  of  the  reaction  mixture  to  a 
definite  volume  with  strong  magnesium  sulfate  solution  acidi¬ 
fied  with  sulfuric  acid;  (3)  the  distillation  of  the  liberated  ace¬ 
tic  acid  at  constant  volume;  and  (4)  the  titration  of  the  first 
50  cc.  of  the  distillate  with  0.02  N  alkali. 

Under  the  conditions  of  the  experiment  and  within  the  con¬ 
centration  range  intended,  the  total  quantity  of  acetic  acid  is 
calculated  from  the  distillation  constant  of  acetic  acid.  For 


the  purpose  at  hand  this  constant  is  defined  as  that  percentage 
of  the  total  acetic  acid  present  in  the  distilling  flask  which 
comes  over  in  the  first  50  cc.  of  distillate.  With  the  apparatus 
shown  in  Figure  1  and  the  reagents  indicated  below  this  value 
is  95.7. 

A  10-  to  20-mg.  sample  of  the  material  to  be  analyzed  is  weighed 
upon  a  12  X  24  mm.  piece  of  cigaret  paper  and  placed,  with  the 
paper,  in  the  distilling  flask,  B.  Two  cubic  centimeters  of  N 
ethanolic  potassium  hydroxide  are  then  added,  and  the  liquid  is 
heated  to  boiling  or  until  all  the  sample  is  dissolved.  After  4 
minutes  18  cc.  of  magnesium  sulfate-sulfuric  acid  solution,  made 
by  dissolving  100  grams  of  crystalline  salt  and  1.5  grams  of  con¬ 
centrated  sulfuric  acid  in  sufficient  water  to  make  180  cc.,  are 
added.  Steam,  generated  in  flask  A,  is  then  passed  through  the 
apparatus,  and  flask  B  is  heated  with  a  small  flame  in  such  a  man¬ 
ner  that  the  liquid  in  the  flask  distills  at  a  fairly  rapid  rate  and  at 
a  constant  volume.  Fifty  cubic  centimeters  of  the  distillate  are 
collected  and  titrated  to  a  permanent  pink  color  with  0.02  N 
potassium  hydroxide,  phenol  red  being  used  as  an  indicator.  The 
acid  obtained  represents  95.7  per  cent  of  the  total  acetic  acid 
formed  from  the  hydrolysis  of  the  acetyl  compound  from  which 
the  percentage  of  acetyl  in  the  sample  is  calculated. 

Table  I  gives  some  results  obtained  by  the  method. 


Table  I.  Analysis  of  Several  Acetyl  Compounds 


Substance 

Sample 

Acetyl 

Found 

Acetyl 

Calcd. 

Deviation 

from 

Theory 

Mg. 

% 

% 

% 

Cellobiose  octaacetate 

10.14 

51.1 

50.7 

+0.6 

11.74 

50.5 

-0.2 

Diacetyltoxicarol 

23.51 

17.1 

17  .‘4 

-0.3 

22.20 

17.0 

-0.4 

Monoacetyldihydro- 

desoxytoxicarol 

21.70 

9.7 

9.8 

-0.1 

0-Naphthol  acetate 

22.50 

22.8 

23.1 

-0.3 

Acetylmethyl  ursolate 

23.25 

8.5 

8.4 

+0.1 

S-Acetyl-l-thioben- 

zoxazole 

21.53 

22.4 

22.3 

+0.1 

Pentacetylquercetin 

9.92 

42.4 

42.0 

+0.4 

Acetylhelenalin“ 

24.09 

13.4 

14.1 

-0.7 

Hexacetylapogossypol* 

20.31 

34.7 

36.1 

-1.4 

17.00 

34.6 

—  1.5 

Acetylsalicylic  acid 

13.88 

30.0 

23.9 

+6.1 

18.41 

29.3 

+5.4 

Acetanilide 

14.72 

31.9 

3  i !  9 

0.0 

14.38 

31.8 

-0.1 

Acetyl  m-toluidine 

14.22 

29.0 

28.' 8 

+0.2 

n-Aeetylthiodiphenyl- 

amine 

21.85 

18.1 

17.8 

+0.3 

Acetyldiphenylamine 

14.40 

21.0 

20.4 

+0.6 

Figure  1.  Diagram  of  Apparatus 


o  Perkin’s  O-acetyl  method  (S)  gave  9.6  per  cent. 

b  Perkin’s  O-acetyl  method  gave  25.5  per  cent  acetyl;  his  N-acetyl  method 
gave  34.5  per  cent  acetyl  (1). 


By  modifying  the  above  procedure  it  may  be 
applied  to  many  N-acetyl  compounds.  A  few  such 
materials  have  been  analyzed  by  the  following 
modification :  The  sample,  placed  in  the  distilling 
flask,  is  dissolved  in  2  cc.  of  N  n-butanolic  potas¬ 
sium  hydroxide  solution.  The  condenser,  C,  is 
placed  in  the  flask,  and  the  mixture  is  refluxed 
for  1  hour.  The  procedure  is  then  the  same  as  for 
O-acetyl  compounds,  except  that  a  blank  must  be 
run  upon  the  reagents  and  the  resulting  correc¬ 
tion  applied  to  the  titration.  A  distillation  con¬ 
stant  of  96  should  be  used.  Some  results  ob¬ 
tained  in  this  way  are  included  in  Table  I. 

It  is  recommended  that  the  distillation  con¬ 
stant  for  pure  acetic  acid  be  determined  for 
each  apparatus,  as  relatively  small  changes  in 
the  size  and  shape  of  the  distilling  flask  caused 
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some  differences  in  these  values,  and  that  the  0.02  N  potas¬ 
sium  hydroxide  be  frequently  checked  against  a  standard 
acetic  acid. 

As  previously  indicated,  the  method,  with  few  exceptions, 
has  given  uniformly  good  results  with  all  compounds  upon 
which  it  has  been  tried.  These  exceptions,  however,  indicate 
its  limitations,  for  unsatisfactory  results  are  obtained  with 
substances  that  react  with  alkali  to  give  products  which  upon 
acidification  are  volatile  with  steam  and  will  affect  the  titra¬ 
tion.  The  results  with  acetylsalicylic  acid  presented  in  Table 
I  are  included  to  illustrate  this  point.  Under  the  conditions 
of  the  experiment  salicylic  acid  is  somewhat  volatile,  and  that 
which  passes  over  is  titrated  with  the  acetic  acid.  This  diffi¬ 
culty,  however,  could  be  overcome  in  many  cases  by  running 
a  blank  upon  the  unacetylated  mother  substance  and  deduct¬ 
ing  the  results  from  the  values  obtained  upon  the  acetyl  de¬ 


rivative.  It  is  also  possible  that  O-acetyl  compounds  may  be 
encountered  which  react  slowly  because  of  their  insolubility, 
but  which  would  react  upon  longer  boiling.  In  such  cases  cor¬ 
rect  results  should  be  obtained  by  running  a  blank  upon  the 
reagents  under  the  conditions  of  the  experiment  and  if  neces¬ 
sary  applying  the  above  suggestion.  Notwithstanding  these 
limitations,  which  are  not  of  frequent  occurrence,  the  method 
is  believed  to  be  a  valuable  analytical  tool. 

Literature  Cited 

(1)  Clark,  E.  P.,  J.  Biol.  Chem.,  78,  159  (1928). 

(2)  Elek,  A.,  and  Harte,  R.  A.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  8,  267 

(1936).  Comprehensive  bibliography. 

(3)  Perkin,  J.  Chem.  Soc.,  87,  107  (1905). 

Received  October  3,  1936.  Presented  before  the  Microchemical  Section  at 
the  92nd  Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  Sep¬ 
tember  7  to  11,  1936. 


A  New  Sealed  Stirrer  for  the 
Laboratory 

LEO  S.  POWELL,  Rutgers  University,  New  Brunsw  ick,  N.  J. 

ANEW  sealed  stirrer  has  been  developed  which  eliminates 
the  use  of  a  mercury  seal.  This  stirrer  has  been  used 
by  the  author  and  found  to  be  completely  satisfactory  for  the 
preparation  and  reaction  of  Grignard  reagents.  The  materials 
needed  are  easily  obtainable  in  any  chemical  laboratory  and 
the  whole  stirrer  can  be  made  and  assembled  in  one  hour. 

The  eccentric  drive,  A,  is  made  from  an  ordinary  No.  12 
solid  rubber  stopper  by  drilling  a  hole  through  the  center  for 
the  motor  shaft.  Another  hole  at  about  2.5  cm.  from  the  center 
acts  as  a  bearing  for  the  glass  shaft,  B,  which  is  made  from  a  6-cm. 

piece  of  ordinary  soft-glass  rod 
of  4-mm.  diameter,  by  heating 
one  end  and  pressing  it  against 
a  piece  of  asbestos  board  so  as 
to  produce  a  flange  on  the  end 
which  prevents  it  from  falling 
through  A.  Shaft  B  should  fit 
loosely  enough  into  A  so  that 
it  can  rotate  freely  and  may  be 
lubricated  with  a  drop  of  par¬ 
affin  oil.  Part  C  is  made  from  a 
piece  of  glass  tubing  of  1 1-mm. 
diameter  and  6-cm.  length,  and 
is  flanged  at  both  ends  in  the 
manner  shown.  By  placing 
stirrer  E  inside  of  C  and  rotat¬ 
ing  it  by  hand,  one  can  de¬ 
termine  to  what  extent  tube  C 
must  be  flanged.  D  is  a  piece 
of  soft-rubber  tubing  fitted 
over  C,  forming  the  seal  be¬ 
tween  E  and  C.  F  is  a  short 
piece  of  rubber  tubing  connect¬ 
ing  the  eccentric  drive,  B,  to 
the  stirring  rod,  E.  In  setting 
up  the  stirrer  it  is  essential  to 
place  a  good  clamp  around  the 
upper  part  of  C.  This  dimin¬ 
ishes  vibration  and  also  pre¬ 
vents  the  stopper,  G,  from 
working  loose.  The  dimensions 
given  are  by  no  means  rigid  and 
may  be  varied  to  suit  the  con¬ 
ditions. 

The  advantages  that  this  stirrer  offers  over  the  ordinary 
mercury-sealed  stirrer  are:  (1)  It  produces  agitation  which 
is  as  efficient,  if  not  more  so,  than  that  produced  by  the 
mercury-sealed  stirrer.  (2)  The  same  stirrer  may  be  made  to 
fit  any  size  flask  by  simply  changing  the  size  of  stopper  G 
and  adjusting  the  position  of  rod  E.  (3)  It  is  simple  and  easy 
to  make  and  eliminates  the  use  of  mercury. 


Automatic  Leveling  Device  for 
Gas  Collection  by  Downward 
Displacement  of  Mercury 

LYNN  D.  WILSON 

Marquette  University,  Milwaukee,  Wis. 

IN  THE  collection  of  gases  by  downward  displacement  of 
mercury,  manual  control  of  the  leveling  flask  is  pre¬ 
cluded  when  the  gas  evolution  is  very  slow.  The  difficulty  is 
readily  removed  by  means  of  an  automatic  spring  control  as 
shown  in  the  accompanying  figure. 

The  Pyrex  collecting  and  leveling  flasks  are  of  the  same 
dimensions  and  are  mounted  on  felt-covered  wooden  supports. 
Heavy  wire  connects  the  blocks  holding  the  leveling  flask. 
The  spring  is  suspended  from  a  rod  clamped  to  a  ringstand, 
so  that  the  starting  levels  may  be  adjusted. 

Analysis  of  the  dynamics  of  this  arrangement  shows  that 
flasks  of  constant  cross-sectional  area  must  be  used;  hence 
the  starting  levels 
must  be  adjusted 
to  a  position  where 
further  change  in 
level  will  not  be  ac- 
companied  by  a 
change  in  cross  sec¬ 
tion. 

If  the  force  con- 
tant  of  the  spring  is 
suitable  and  the 
rubber  tubing  con¬ 
necting  the  flasks  is 
sufficiently  flexible, 
the  gases  may  be 
collected  at  atmos¬ 
pheric  pressure  to 
within  1  to  2  mm. 

The  apparatus  may 
be  used  for  other 
pressures  by  apply¬ 
ing  suction  or  pres¬ 
sure  to  the  leveling 
flask. 
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Acetyl  Groups,  Microestimation  of.  Adalbert  Elek  and  R.  A.  Harte.  .’ 
Acids: 

Borax  as  Acidimetric  Standard.  F.  H.  Hurley,  Jr . 

Determination  of  Acidity  in  Insulating  Oil.  R.  N.  Evans' and  j.  E 

Davenport . 

Higher  Fatty,  Determination  of  Neutral  Equivalents  of.  R.  B. 

Sandin,  M.  Kulka,  and  D.  W.  Woolley . 

Volatile  Fatty,  Determination  of— by  Partition  Method.  '6.  L.  Os- 

burn,  H.  G.  Wood,  and  C.  H.  Werkman . 

Adiabatic  Calorimeter.  See  Calorimeter. 


Agitation: 

New  Sealed  Stirrer  for  Laboratory.  L.  S.  Powell . 

New  Type  Laboratory  Stirrer.  E.  B.  Hershberg . 

Rapid  and  Efficient  Mixer.  D.  H.  Nelson . !!!!!!! 

Simple  Laboratory  Shaking  Machine.  J.  H.  Highberger. .... 
Alcohol.  See  n-Butanol. 

Alkali  Titration.  See  Titration. 

Alkaline  Earth  and  Alkali  Groups,  System  for  Qualitative  Analysis  of. 

C.  H.  Greene.  (Correction,  457) . 

Alkyd  Resins.  See  Resins. 

Aluminous  Material,  Determination  of  Sodium  in.  H.  V.  Churchill 

R.  W.  Bridges,  and  A.  L.  Miller . . ’ 

Aluminum,  Quantitative  Separation  and  Determination  of  Zinc  and 

F.  H.  Fish  and  J.  M.  Smith,  Jr.  (Correction,  477) . * 

American  Chemical  Society  Committee.  See  Oils. 

Ammonia  Nitrogen.  See  Nitrogen. 

Ammonia-Sodium  Method.  See  Sulfur. 

Ammonium  Iodide,  Separation  of  Stannic  Oxide  from  Various  Oxides 

by  Ignition  with.  E.  R.  Caley  and  M.  G.  Burford . 

Amylase  Action.  See  Sugar. 

Analysis,  Problems  in . 

Analytical  Edition,  Note  to  Authors  of. . .  .  ."  ’ . .  .  .  .  .  .  .  .  .  .’ .’ .’ ." 
Antimony,  Microscopical  Qualitative  Analysis  of  Bismuth  and.  F.  T.' 

Jones  and  C.  W.  Mason . 

(Sec  also  Electrolysis.) 

Apparatus,  New — for  Analytical  Laboratories.  Crucible  Support  for 
Desiccators,  Graduated  Cylinder,  and  Flask  Cover.  F.  E.  Tuttle.  . 
Arsenic,  Determination  of — in  Silver  Arsenate.  Austin  Pomerantz  and 

W.  M.  McNabb . 

Arsenite-Persulfate  Method.  See  Steel. 


Asphalt: 

Change  of  Penetration  with  Temperature  of.  I.  Bencowitz  and  E  S 

Boe . 

Measuring  Susceptibility  of— to  Temperature  Changes.'  '  A.  Holmes', 

J.  O.  Collins,  and  W.  C.  Child . 

Saponification  Numbers  of  Asphaltic  Petroleum  Residues,  j.  H 

Bruun  and  L.  W.  Claffey . 

Authors,  Note  to — of  Analytical  Edition .  67, 

Automotive  Lubricants.  See  Petroleum  Lubricants. 
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BALANCE,  Automatic  Recording.  D.  S.  Binnington  and  W.  F. 

Geddes . . .  76 

Balance,  Micro-,  Control  of  High  Lights  in  Reading— Swings  P  H 

M.-P.  Brinton . .  .  104 

Ball  Mill,  Inexpensive.  L.  L.  Quill . .  27 

Barium,  Separation  of  Strontium,  Lead,  and — from  Calcium  and  Other 

Metals.  H.  H.  Willard  and  E.  W.  Goodspeed .  414 

Barium  Chromate.  See  Water. 

Barium  Oxide,  Rate  of  Drying  a  Desiccator  with — and  Other  Drying 

Agents.  H.  S.  Booth  and  Lucille  McIntyre .  148 

Barium  Sulfate.  See  Sulfur. 

Benzene.  See  Petroleum. 

Bichromate-Pyridine  Method.  See  Mercury. 

Biological  Material,  Microdetermination  of  Fluorine  in.  W  D  Arm¬ 
strong.  ..  . . . . .  384 

a,a'-Bipyridine  Colorimetry.  See  Colorimetric  Determinations. 

Bismuth: 

Determination  of — as  Phosphate.  W.  C.  Blasdale  and  W.  C.  Parle  352 
Microscopical  Qualitative  Analysis  of  Antimony  and.  F  T  Jones 

and  C.  W.  Mason .  428 

Separation  and  Determination  of — with  Gallic  Acid.  L'  Kieft  and 

G.  C.  Chandlee .  392 

(See  also  Electrolysis.) 

Bituminous  Plastics.  See  Plastics. 

Blank,  Calculating  the— in  Volumetric  Determinations.  Bartholow 

Park .  22 

Boiling  Point: 

Laboratory-Scale  Ebullition  Tube.  J.  W.  Boegel .  476 

Micromethod  for  Determining — of  Liquids  at  Different  Pressures. 

E.  E.  _Hays,  F.  W.  Hart,  and  R.  G.  Gustavson.  . . .  286 

Semi-Micro-Cottrell  Apparatus  for  Determining.  M  L  Willard 

and  D.  E.  Crabtree .  79 

Borax  as  Acidimetric  Standard.  F.  H.  Hurley,  jr. .  220 

Bread,  Estimation  of  Milk  Solids  in.  Charles  Hoffman,  T.  R. 

Schweitzer,  and  Gaston  Dalby .  ’  298 


Bromine,  Determination  of  Iodine  and— in  Presence  of  Each  Other 

Ladislaus  Spitzer . 

Bubble-Cap  Columns.  See  Distillation. 

Buffer  Capacity  of  Tomato  Juice.  Margarethe  Oakley  and  J.  C 

ixrantz,  Jr . 

Buret,  New— for  Alkali  Titrations'. ’  ’  L.  S.'  Keyser. . 

Buret,  New— for  Potentiometric  Titrations.  L.  S.  Keyser . 

Burner,  Rodgers  Ring,  Improved  Design  of.  G  F  Smith 
Butane,  Corrosion  Test  Methods  on  Liquid— as  Motor  Fuel’ ’  m’  M 
Holm . 


re-Butanol,  Glass  Electrode  in— for  Determining  Acidity  in  insulating 
„  Oil.  R.  N.  Evans  and  J.  E.  Davenport 
Butter  Fat.  See  Oils. 
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CABLE  Insulation.  See  Insulation. 

Cadmium,  Quantitative  Determination  of — and  Lead  in  Zinc.  H  M 

Sullivan . 

Calcium,  Separation  of  Strontium,  Barium,  and  Lead  from— and  Other 
Metals.  H.  H.  Willard  and  E.  W.  Goodspeed 
Calorimeter,  Adiabatic.  Whitney  Weinrich  and  Hannibai  Gaspari' 
Larbon  Microdetermination.  See  Microanalyses. 

Carbon  Dioxide,  Improved  Method  for  Determining  Reactivity  of  Coke 

in.  D.  A.  Reynolds  and  J.  D.  Davis . 

Carbon  Dioxide,  Micro-Dumas  Generation  of.  W.  S.  Ide . .  .  .  .  .  .  .  . 
Carbon  Tetrachloride,  Determination  of  Phosgene  in  Gases  from  Ex¬ 
perimental  Fires  Extinguished  with.  W.  P.  Yant,  J.  C.  Olsen  H 

H.  Storch,  J.  B.  Littlefield,  and  Leopold  Scheflan .  ' 

Carbon  Tetrachloride,  Vaporized,  Quantitative  Determination  of  Con¬ 
centration  of  J.  C  Olsen,  H.  F.  Smyth,  Jr.,  G.  E.  Ferguson,  and 

Leopold  Scheflan.  (Correction,  323) . 

Carnotite.  See  Radium. 

Catalytic  Hydrogenation.  See  Hydrocarbons. 

Catechol,  4-Nitro — as  Titration  Indicator.  S.  R.  Cooper  and  V  J 
lulane . 


Cement,  Accelerated  Test  for  Determining  Resistance  of  Portland— 

to  Sulfate  Waters.  R.  W.  Stenzel . 

Centrifugal  Filtration  Tube.  D.  F.  Houston  and  C  P  Saylor . 

Ceric  Ammonium  Sulfate.  See  Silver  Titration. 

Ceric  Sulfate,  Volumetric  Determination  of  Iodides  by.  David  Lew-is 
Charring.  See  Heater. 

Charts.  See  Nomographs. 

Check  Valve.  See  Valve. 

Chloride  Ion,  Titration  of  with  Mercuric  Nitrate  Solutions.  Irving 

Roberts . 

Chlorinated  Hydrocarbons.  See  Hydrocarbons. 

Chi?r,0,Urm'  Recovering — from  Used  Dithizone  Solutions.  D  A 

Biddle . 

Chromium  in  Silicate  Rocks.  See  Silicate  Rocks. . 

Chromous  Sulfate,  Preparation  and  Storage  of  Standard — Solutions. 

H.  W.  Stone  and  Carrol  Beeson . 

Coal: 

Analyses  and  Softening  Temperatures  of — Ash.  D.  J.  Jones  and  E 

L.  Buffer . 

Analysis  of  Bituminous — and  Derived  Products.  Direct  Simulta¬ 
neous  Microdetermination  of  Carbon,  Hydrogen,  and  Oxygen 

IV.  W.  R.  Kirner . ’ 

Improved  Method  for  Determining  Reactivity  of  Coke  in  Carbon 

Dioxide.  D.  A.  Reynolds  and  J.  D.  Davis . 

Plasticity  of.  R.  E.  Brewer  and  R.  G.  Atkinson . 

Coal-Tar  Disinfectants.  See  Germicide. 

Coke.  See  Coal. 

Coke-Oven  Gas.  See  Gases. 

Colorimeter,  Precision  Photoelectric,  Design  of.  R.  B.  Withrow,  C  L 
Shrewsbury,  and  H.  R.  Kraybill . 


Colorimetric  Determinations: 

Chromium,  Vanadium,  and  Molybdenum  in  Silicate  Rocks  E  B 

Sandell . 

Cyclopentadiene.  B.  N.  Afanasiev . . 

Determination  of  Iron  by  Titanium  Titration  and  by  a.a'-Bipvridine 

Colorimetry.  W.  D.  McFarlane . 

New  Procedure  for  Selenium  Determination.  K.  W.  Franke,  Robert 

Burris,  and  R.  S.  Hutton . 

Peroxides  in  Unsaturated  Compounds.  C.  A.  Young,  R.  R.  Vogt 

and  J.  A.  Nieuwland . ’ 

Preparation  of  Raw  Sugar  Solutions  for  Turbidity  and  Turbidity- 

in  Sugar  Products.  IV.  F.  W.  Zerban  and  Louis  Sattler . 

Rotenone.  H.  D.  Rogers  and  J.  A.  Calamari . 

Silica  in  Boiler  Water.  M.  C.  Schwartz  (Correction) .’. 

Solutions  for  Colorimetric  Standards.  VII.  Aqueous  Solutions  of 
Salts  of  Elements  23  to  29.  C.  T.  Kasline  with  M.  G.  Mellon. 
Combustion  Apparatus,  Organic — for  Highly  Volatile  and  for  Inflam¬ 
mable  Liquids.  J.  H.  Bruun  and  W.  B.  M.  Faulconer . 

Combustion  Method  for  Determining  Sulfur  in  Plain  and  Alloy  Steels. 

C.  H.  Hale,  Jr.,  and  W.  F.  Muehlberg . 

Conductance  Meter.  See  Meter. 

Conductometric  Determination  of  Enzyme  Activity.  B.  N.  Sastri  and 

M.  Sreenivasaya . 

Copper: 


Adjustment  of  pH  in  Iodometric  Determination  of.  W.  R.  Crowell, 
T.  E.  Hillis,  S.  C.  Rittenberg,  and  R.  F.  Evenson . 
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Determination  of  Metallic — in  Cuprous  Oxide-Cupric  Oxide  Mix¬ 
tures.  L.  C.  Hurd  and  A.  R.  Clark . .  380 

Electroanalysis  of  Silver — Alloys.  W.  L.  Miller. . .... ........  ...  .  481 

Iodometric  Method  for  Determining — in  Presence  of  Interfering  Ele¬ 
ments.  H.  W.  Foote  and  J.  E.  Vance . ■  ......  ...  : ■ . -  HO 

Microscopical  Estimation  of  Cuprous  Oxide,  Cupric  Oxide,  and 

Copper  in  Mixtures.  S.  Zerfoss  and  M.  L.  Willard.  .  .  .  .  . .  303 

Preparation  of  Flattened — Tubing  Coils.  E.  P.  and  W.  L.  Barrett.  .  311 

Spectrophotometric  Determination  of — in  Ores  and  Mattes.  J.  P. 

Mehlig  (Correction) .  . .•  •  • . -,•••■.■  -57 

Standardization  of  Sodium  Thiosulfate  Iodometrically  against.  L. 

O.  Hill .  200 

( See  also  Electrolysis.) 

Copper  Chloride-Perchloric  Acid  Method.  See  Selenium. 

Corrosion  Test  Methods  on  Liquid  Butane  as  Motor  Fuel.  M.  M. 

Holm . . 

Cottrell  Apparatus.  See  Boiling  Point. 

Crucible  Support.  See  Apparatus,  New. 

Crystalline  Materials,  Identification  of— by  X-Ray  Diffraction  Pat- 

terns.  J.  D.  Hanawalt  and  H.  W.  Rinn .  -44 

Cupric  Oxide,  Cuprous  Oxide.  See  Copper.  . 

Cyclopentadiene,  Color  Reaction  for  Detection  of.  B.  N.  Afanasiev.  .  15 

Cylinder,  Graduated.  See  Apparatus,  New. 

DENTAL  Gold  Alloys.  See  Gold. 

Desiccator,  Rate  of  Drying  a— with  Barium  Oxide  and  Other  Drying 

Agents.  H.  S.  Booth  and  Lucille  McIntyre .  148 

(See  also  Apparatus,  New.) 

Dextrose.  See  Sugar.  _  T;r  .Ra 

Dialyzer,  Constant-Volume.  C.  B.  Kremer. .  .  . . . .  40» 

Dialyzer,  Electro-,  Simple  Inexpensive.  F.  E.  Bartell.  .  ........  •  ■  ■  •  81/ 

Dichromate,  Oxidation-Reduction  Indicators  for  Use  with.  II.  Stu¬ 
art  Cohen  and  R.  E.  Oesper . .  . . .  ...  ...  ......  364 

Diphenyl  Amine  Indicator  Solution,  Preparation  of.  H.  M.  State.  -5a 
Diphenyl  Carbazide  Indicator  in  Titration  of  Chloride  Ion  with  Mer¬ 
curic  Nitrate  Solutions.  Irving  Roberts .  365 

Disinfectant.  See  Germicide. 

Distillation:  ,  , 

Apparatus  for  Fractional — of  Liquefied  Gases.  Arthur  Rose . .  478 

Battery-Type  Stand  Assembly  for— Equipment.  R.  L.  Mobley -  381 

Construction  of  Glass  Helices  for  Packing  Fractionating  Columns. 

W.  W.  Stewart . . . ■••••••; .  481 

Fractional,  Condenser  System  for.  E.  A.  Means  and  E.  L.  Newman  33 1 
Glass  Head  for  Laboratory  Water  Still.  P.  F.  Sharp  and  E.  B. 

Struble .  316 

Kjeldahl.  See  Nitrogen.  _  _  ^ 

Laboratory  Bubble-Cap  Columns  of  Glass.  J.  H.  Bruun .  224 

Micro — Apparatus.  L.  C.  Craig . ■■•■••••••• . 

Tube  for  Moisture  Measurement  by.  H.  B.  Alexander . .  314 

Dithizone  as  Reagent  for  Dissolving  and  Determimng  Spray  Residue 

Lead.  W.  E.  White . , . .  .  231 

Dithizone,  Recovering  Chloroform  from  Used — Solutions.  D.  A. 

Biddle .  99 

Drying.  See  Desiccator  and  Heater. 

Dumas  Method.  See  Microanalyses.  .  . 

Dusts,  X-Ray  Diffraction  Method  for  Quantitative  Analysis  of — in 

Mines.  G.  L.  Clark  and  D.  H.  Reynolds .  36 

Eggs  * 

Location  of  Antienzyme  in — White.  J.  S.  Hughes,  H.  M.  Scott,  and 

j  A  ntiftlyfts  . .  ^  10 

Microdetermination  of  Ammonia  Nitrogen  in.  S.  L.  Bandemer  and 

P  J  Schaible.  . . . . . .  2vjL 

Sampling  and  Analysis  of.  W.  S.  Guthmann  and  W.  L.  Terre.  (Cor¬ 
rection,  459) . ■  •  .  377 

Electroanalysis  of  Silver-Copper  Alloys.  W.  L.  Miller .  431 

Electrode.  See  Glass  Electrode. 

Electrodialyzer.  See  Dialyzer.  .  ,  ,  , 

Electrolysis,  "Internal,”  Analysis  by.  Determination  of  Bismuth  and 
Copper  in  Lead  Alloys  Containing  Antimony  and  Tin.  B.  L.  Clarke, 

L.  A.  Wooten,  and  C.  L.  Luke .  411 

Electron-Tube  Conductance  Meter.  See  Meter. 

Enzyme  Activity,  Conductometric  Determination  of.  B.  N.  bastri  and 

M.  Sreenivasaya . 

Eosin.  See  Sulfates. 

Evaporation.  See  Heater. 

Evaporation  of  Solvents.  See  Solvents. 

Extraction,  Approach  towards  the  Limit  in  Process  of.  G.  W.  Griffin 

and  Margaretha  von  Saaf .  358 

Extractor:  „  _  ^ 

Efficient — for  Laboratory.  F.  C.  Oppen .  lid 

Fat— for  Feeds.  C.  E.  Weakley,  Jr . . . ;  ■  ■  ■  •  ■  ■  388 

Metal — for  Laboratory.  J.  M.  Lemon,  F.  P.  Griffiths,  and  M.  E. 
Stansby .  462 

FATS.  See  Oils. 

Fatty  Acids.  See  Acids.  ,as 

Feeds,  Fat-Extraction  Apparatus  for.  C.  E.  Weakley,  Jr.  .  .  . . . .  . ... .  388 

Ferrocyanide  Ion,  Determination  of — by  Luteocobaltammme  Chloride. 

W.  A.  Hynes,  M.  G.  Malko,  and  L.  K.  Yanowski .  356 

Ferrotungsten.  See  Steel.  .  ,  .  rT  ...  _ 

Fiber.  Prevention  of  Foaming  in  Crude — Determinations,  H.  W.  L»er- 

y\\j2,  75 

Films,  Measuring  Thickness  of — of  Thin,  Flowing  Liquids.  H.  H. 

Filtration,  Centrifugal — Tube.  D.  F.  Houston  and  C.  P.  Saylor .  303 

Fir.  See  Wood. 

Fire-Extinguisher  Liquid.  See  Carbon  Tetrachloride. 

Flame  Spectra.  See  Spectrographic  Determinations. 

Flask  Cover.  See  Apparatus,  New. 

Floors,  Abrasion  of.  See  Abrasion. 

Fluorescence.  See  Spectrographic  Analysis. 

Fluorine:  .  ,  ,  , 

Improved  Apparatus  for  Isolation  of — by  Willard  and  Winter 

Method.  W.  K.  Gilkey,  H.  L.  Rohs,  and  H.  V.  Hansen.  .  .  .  .  150 

Method  for  Determining  Fluoride  in  Spray  Residue  on  Food  Prod¬ 
ucts.  W.  M.  Hoskins  and  C.  A.  Ferris .  8 

Microdetermination  of.  W.  D.  Armstrong .  384 

Nephelometric  Determination  of.  R.  E.  Stevens. . . . . . ■  ■  •  •  •  348 

Food,  Method  for  Determining  Fluoride  in  Spray  Residue  on — Prod¬ 
ucts.  W.  M.  Hoskins  and  C.  A.  Ferris .  6 


Formic  Acid,  Determination  of — in  Pyroligneous  Liquors.  H.  D. 

Weihe  and  P.  B.  Jacobs. . . .  44 

Fractionation.  See  Distillation. 

Fuel,  Motor.  See  Petroleum. 

Furfural,  5-Methyl-,  Quantitative  Determination  of.  H.  A.  Iddles  and 

K.  S.  French .  283 

GALLIC  Acid,  Separation  and  Determination  of  Bismuth  with.  L. 

Kieft  and  G.  C.  Chandlee .  392 

Gases:  . 

Automatic  Leveling  Device  for — Collection  by  Downward  Displace¬ 
ment  of  Mercury.  L.  D.  Wilson . .  •  . .  . . . .  •  •  •  488 

Coke-Oven,  Determination  of  Nitric  Oxide  in.  J.  A.  Shaw.  (Cor¬ 
rection,  281) . J®2 

Laboratory — Absorption  Vessels.  W:  M.  Martin . -  ■  395 

Liquefied,  Apparatus  for  Fractional  Distillation  of.  Arthur  Rose.  .  .  478 

Sodium  Hyposulfite  Solutions  for  Absorption  of  Oxygen  in — Analy¬ 
ses.  Dorothy  Quiggle .  363 

Gasoline.  See  Petroleum. 

Geilmann  Reaction.  See  Rhenium.  . 

Germicide,  Limitations  of  B.  fypkosuaPhenol  Coefficient  as  Measure  of 
Bactericidal  Value  of  Coal-Tar  Disinfectants.  Emil  Klarmann  and 
V.  A.  Shternov .  369 

Glass:  .  ,  ,  .  .  T  ,  .. 

Electrodes  of — in  n-Butanol  for  Determimng  Acidity  in  Insulating 

Oil.  R.  N.  Evans  and  J.  E.  Davenport .  287 

Laboratory  Bubble-Cap  Columns  of.  J.  H.  Bruun .  *2^.4 

Manipulator  for  Blowing.  Vines  Collier,  Jr . ••••••• .  208 

One-Piece — Micro- Kjeldahl  Distillation  Apparatus.  P.  L.  Kirk.  .  .  .  226 

Glucosides.  See  Salicin.  ^  _  ,,  i  t«  -rr 

Glycerol,  Determination  of  Water  in.  C.  P.  Spaeth  and  G.  F.  Hutchi- 

gQU . . . . . 

Gold,  Determination  of — in  Dental — Alloys.  J.  L.  Maynard .  368 

Grapefruit.  Solubility  of  Naringin  in  Water.  G.  N.  Pulley . .  360 

Gravimetric  Determination  of  Mercury.  Accurate  Separation  of  Pre¬ 
cipitated  Mercuric  Sulfide  and  Sulfur  in.  E.  R.  Caley  and  M.  G.  ^ 

Gravimetric  Determination  of  Selenium  in  Alloy  Steel.  Louis  Silver- 

man .  432 

Guanidines.  See  Rubber. 

HEATER,  Overhead — for  Rapid  Evaporation,  Drying,  and  Charring. 

L.  F.  Nims  and  M.  K.  Horwitt .  275 

Helices.  See  Distillation. 

Hevea  Latex.  See  Rubber.  ,  _  ,  ,  ,  . 

Hexanitrato  Ammonium  Cerate  as  Proposed  Reference  Standard  in 

Oxidimetry.  G.  F.  Smith,  V.  R.  Sullivan,  and  Gerald  Frank .  449 

Hill  Method.  See  Solubility.  .  „  . 

Humates,  Determination  of  Iron  in.  N.  A.  Clark  and  D.  H.  Sielmg.  .  356 

Hydriodic  Acid,  Concentrated,  Detection  and  Separation  of  Difficultly 

Soluble  Compounds  by.  E.  R.  Caley  and  M.  G.  Burford .  63 

Determination  of  Gaseous  Olefins  or  Hydrogen  by  Catalytic  Hydro- 

genation.  W.  A.  McMillan,  H,  A.  Cole,  and  A.  V.  Ritchie. ......  105 

Determination  of  Vapors  of  Chlorinated — in  Air.  H.  F.  Smyth,  Jr. .  379 

Organic  Combustion  Apparatus  for  Highly  Volatile  and  for  Inflam- 

mable  Liquids.  J.  H.  Bruun  and  W.  B.  M.  Faulconer .  315 

(See  also  kind  of  hydrocarbon  and  Petroleum.) 

Hydrogen,  Determination  of  Gaseous  Olefins  or  by  Catalytic  Hydro- 

genation.  W.  A.  ^IcMillan,  H.  A.  Cole,  and  A.  V.  Ritchie .  105 

Hydrogen  Microdetermination.  See  Microanalyses.  . 

Hvdrogen-Ion  Concentration,  Adjustment  of — in  Iodometric  Deter¬ 
mination  of  Copper.  W.  R.  Crowell,  T.  E.  Hillis.  S.  C.  Rittenberg, 

and  R.  F.  Evenson .  ........ - ...  ..  ■  •  ............  9 

Hydrogen-Ion  Concentration.  Simplification  of  Isohydric  Indicator 

Method.  Sverre  Stene .  . .  ......  398 

Hydroxyl  Groups,  Determination  of — in  Organic  Compounds.  M. 

Freed  and  A.  M.  Wynne. . .  .............. - ........  278 

Hygroscopic  Substances,  Drying  and  Analysis  of.  Organic  Micro- 
analysis.  II.  R.  T.  Milner  and  M.  S.  Sherman .  4„7 

|CE  Cream,  Estimation  of  Oleomargarine  in.  T.  H.  Whitehead  and 

J.  B.  Dunson .  24,3 

Indicators:  „  00~ 

Future  Development  of.  I.  M.  Kolthoff . . 

Oxidation-Reduction — for  Use  with  Dichromate.  II.  Stuart  Co¬ 
hen  with  R.  E.  Oesper . . .  . .  384 

Simplification  of  Isohydric— Method.  Sverre  Stene .  398 

(See  also  kind  of  indicator.)  .  .  ,  „  „ 

Indium,  Rapid  Method  for  Volumetric  Determination  of.  H.  B. 

Hope,  Madeline  Ross,  and  J.  F.  Skelly . .....  . . . .  .  •••••• .  51 

Industrial  and  Engineering  Chemistry.  See  Analytical  Edition. 

Inks,  Iron  Gallate,  Liquid  and  Powder - . 

Inorganic  Analysis,  Orgamc  Reagents  in.  F.  Feigl. . . .  .  . ... .  . . ...  .  .  4U1 

Insecticidal  Dusts,  Particle  Size  of .  L.  D.  Goodhue  and  C.  M.  Smith.  .  469 

Insecticide.  Method  for  Determining  Fluoride  in  Spray  Residue  on 

Food  Products.  W.  M.  Hoskins  and  C.  A.  Ferris .  6 

Insulating  Oil.  See  Petroleum. 

Insulating  Wires,  Spindle  for.  J.  M.  Sturtevant.  .. .......  .  .....  341 

Insulation  for  Cables.  Determination  of  Viscosity  of  Small  Samples  of 

Oil  from  Oil-Impregnated  Paper.  H.  F.  Schneider,  Jr.,  and  T.  A.  ^ 

Iodides?^ Volumetric  Determination  of — by  Ceric  Sulfate.  Application 

of  Indicator  o-Phenanthroline  Ferrous  Ion.  David  Lewis ........ .  199 

Iodine,  Determination  of— and  Bromine  in  Presence  of  Each  Other. 

Ladislaus  Spitzer . ;  v  •  •  •  „•  •  •  •  •  ■  v.:  •  ■  x  -  a  •  ;TV . 1  H '  ' '  '  too 

Iodine,  Nomograph  for — Value  of  Tung  Oil.  C.  S.  Wan  and  K.  Ho.  .  .  282 

Iodohydroxyquinoline  Sulfonic  Acid.  See  Iron. 

Iodometric  Determinations:  „  „  _....  „ 

Adjustment  of  pH  in — of  Copper.  W.  R.  Crowell,  T.  E.  Hillis,  S.  C. 

Rittenberg,  and  R.  F.  Evenson .  9 

Copper  in  Presence  of  Interfering  Elements.  H.  W.  Foote  and  J.  E. 

Vance  . 119 

Semi-Micromethod  for— of  Maltose  in  Studies  of  Amylase  Action. 

M.  L.  Caldwell,  S.  E.  Doebbeling,  and  S.  H.  Maman ...... ....  .  .  181 

Standardization  of  Sodium  Thiosulfate  against  Copper.  L.  O.  Hill .  .  300 

^Determination  of— by  Titanium  Titration  and  by  a.a'-Bipyridine 

Colorimetry.  W.  D.  McFarlane .  124 
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Determination  of — in  Humates  by  Iodohydroxyquinoline  Sulfonic 

Acid.  N.  A.  Clark  and  D.  H.  Sieling . 

Determination  of— in  Sea  Water.  N.  W.  Rakestraw,  H.  E. 

Mahncke,  and  E.  F.  Beach . 

Photometric  Determination  of— in  Used  Engine  Oils.  A.  R.  Res- 

corla,  E.  M.  Fry,  and  F.  L.  Carnahan . 

Iron  Gallate  Inks.  See  Inks. 

Isohydric  Indicator.  See  Indicators. 


256 

136 

242 


KEROSENE.  See  Petroleum. 
Kjeldahl  Method.  See  Nitrogen. 


LANTHANUM,  Determination  of — ,  Yttrium,  and  Ytterbium  from 


Spark  in  Flame  Spectra.  O.  S.  Plantinga  and  C.  J.  Rodden .  232 

Latex.  See  Rubber. 

Lead: 

Errors  in  Microweighing  Due  to  Use  of — Shot  in  Tares.  R.  J.  Wil¬ 
liams .  229 

Quantitative  Determination  of  Cadmium  and — in  Zinc.  H.  M. 

Sullivan .  382 

Separation  of  Strontium,  Barium,  and — from  Calcium  and  Other 

Metals.  H.  H.  Willard  and  E.  W.  Goodspeed .  4X4 

Spray  Residue,  Dithizone  as  Reagent  for  Dissolving  and  Determin¬ 
ing.  W.  E.  White .  231 

Lead  Alloys.  See  Electrolysis. 

Lead  Nitrate,  Determination  of  Sulfate  by  Titration  with — LTsing  Eo- 

sin  as  Indicator.  J.  E.  Ricci .  130 

Levulose.  See  Sugar. 

Lignin.  See  Wood. 

Liquid  Films.  See  Films. 

Liquids,  Precision  Pycnometer  for.  S.  T.  Yuster  and  L.  H.  Reyerson. .  61 

Liquids,  Viscous,  Surface-Tension  Measurements  of.  A.  H.  Pfund  and 

E.  W.  Greenfield . 81 

Lubricants.  See  Petroleum. 

Luteocobaltammine  Chloride,  Determination  of  Ferrocyanide  Ion  by. 

W.  A.  Hynes,  M.  G.  Malko,  and  L.  K.  Yanowski .  356 


MACRO-KJELDAHL  Apparatus.  See  Nitrogen. 

Magnesium  Uranyl  Acetate  Reagent,  Sensitiveness  of — to  Sodium  and 


Potassium.  C.  H.  Greene .  399 

Maltose.  See  Sugar. 

Manganese.  See  Steel  and  Tungsten. 

Manometer,  Micro-,  Improved.  H.  W.  Smith,  Jr .  151 

Mattes,  Spectrophotometric  Determination  of  Copper  in  Ores  and. 

J.  P.  Mehlig  (Correction) .  257 

Melting  Point  Apparatus,  Electrically  Heated.  Edwin  Dowzard  and 

M.  J.  Russo . 74 

Melting  Point  Apparatus,  Precision.  E.  B.  Hershberg .  312 

Mercaptans,  Potentiometric  Determination  of.  M.  W.  Tamele  and 

L.  B.  Ryland . 16 

Mercuric  Nitrate,  Titration  of  Chloride  Ion  with— Solutions.  Irving 

Roberts . 365 

Mercuric  Sulfide.  See  next  item. 

Mercury,  Accurate  Separation  of  Precipitated  Mercuric  Sulfide  and 
Sulfur  in  Gravimetric  Determination  of.  E.  R.  Caley  and  M.  G. 

Burford . 43 

Mercury,  Determination  of — by  Improved  Bichromate-Pyridine 

Method.  N.  H.  Furman  and  H.  M.  State .  467 

Metallic  Oxides.  See  Stannic  Oxide. 

Metals: 

Assay  of  Platinum  Group  of.  F.  E.  Beamish  and  J.  J.  Russell.  .  .  .  141 

Device  for  Determining  Rate  of  Siphoning  in — Extraction  Systems. 

R.  S.  Asbury .  152 

( See  also  kind  of  metal.) 

Meter,  Electron-Tube  Conductance — Reading  Continuously.  R.  L. 

Garman .  146 

5-Methyl  Furfural.  See  Furfural. 

Microanalyses  : 

Acetyl  Groups.  Adalbert  Elek  and  R.  A.  Harte .  267 

Ammonia  Nitrogen  in  Eggs.  S.  L.  Bandemer  and  P.  J.  Schaible.  .  201 

Carbon  and  Hydrogen  in  Compounds  Containing  Arsenic,  Anti¬ 
mony,  Tin,  Bismuth,  and  Phosphorus.  F.  C.  Silbert  and  W.  R. 

Kirner. .  % . . . . . . .  .  . .  353 

Determination  of  Boiling  Points  of  Liquids  at  Different  Pressures. 

E.  E.  Hays,  F.  W.  Hart,  and  R.  G.  Gustavson .  286 

Determination  of  Semi-Microquantities  of  Phosphates.  N.  H. 

Furman  and  H.  M.  State . .  420 

Direct  Simultaneous — of  Carbon,  Hydrogen,  and  Oxygen.  IV. 
Analysis  of  Bituminous  Coals  and  Derived  Products.  W.  R. 

Kirner .  57 

Dumas  Generation  of  Carbon  Dioxide.  W.  S.  Ide .  56 

Estimation  of  Cuprous  Oxide,  Cupric  Oxide,  and  Copper  in  Mix¬ 
tures.  S.  Zerfoss  and  M.  L.  Willard .  303 

Fluorine.  W.  D.  Armstrong .  384 

Handling  and  Weighing  Absorption  Tubes  in — of  Carbon  and 

Hydrogen.  D.  F.  Hayman .  342 

Microscopical  Qualitative  Analysis  of  Antimony  and  Bismuth. 

F.  T.  Jones  and  C.  W.  Mason .  428 

Organic.  R.  T.  Milner  and  M.  S.  Sherman: 

I.  Nitrogen  by  Dumas  Method . . .  331 

II.  Drying  and  Analysis  of  Hygroscopic  Substances .  427 

Semi — for  Basic  Nitrogen  in  Plant  Tissues.  W.  W.  Umbreit  and 

P.  W.  Wilson .  361 

Semi — for  Iodometric  Determination  of  Maltose  in  Studies  of 
Amylase  Action.  M.  L.  Caldwell,  S.  E.  Doebbeling,  and  S.  H. 

Manian... . 181 

Semi — for  Nitrogen.  A.  R.  Ronzio .  122 

Semi — of  Acetyl.  E.  P.  Clark .  487 

Spectrographic — of  Zinc.  A.  P.  Vanselow  and  B.  M.  Lauranee 

(Correction,  400) .  240 

Standard  Liquids  for  Microscopic  Determination  of  Refractive 

Index.  A.  H.  Kunz  and  J.  Spulnik .  485 

Microbalance.  See  Balance. 

Micro-Cottrell  Apparatus.  See  Boiling  Point. 

Microdistillation.  See  Distillation. 

Micro-Kjeldahl  Distillation.  See  Nitrogen. 

Micromanometer,  Improved.  H.  W.  Smith,  Jr .  151 

Microscopy,  Fluorescent  Light.  C.  J.  Frosch  and  E.  A.  Hauser .  423 

Microvaporimetry.  See  Vaporimetric  Determinations. 

Micro  weighing.  See  Weighing. 
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Milk,  Estimation  of— Solids  in  Bread.  Charles  Hoffman,  T  R 

bchweitzer,  and  Gaston  Dalby . 

MUk.  Measuring  Thickness  of  Thin,  Flowing,  Liquid  Fiims  H  H 

Beck  and  K.  G.  Weckel . . . 

Mine  Dusts.  See  Dusts. 

Minerals,  Nephelometric  Determination  of  Fluorine  in.  R  E  Stevens 

Mixer,  Rapid  and  Efficient.  D.  H.  Nelson . 

Moisture.  See  Water. 

Molecular  Weight,  Microvaporimetric  Determination  of  J  B  Nie- 

derl,  O.  R.  Trautz,  and  A.  A.  Plentl .  ' 

Molecular  Weights,  Nomographs  for  Determining— by  Freezing  and 
Boiling  Point  Methods.  W.  S.  Gilfoil.  ... 

Molybdenum  in  Silicate  Rocks.  See  Silicate  Rocks. . 

Motor  Fuels.  See  Petroleum. 
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258 

248 

111 
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NAPHTH  A.  See  Petroleum. 

Naphthenic  Acid  as  Diluent  in  Measurement  of  Flow  Rates  of  Hot-Oil 
Streams  by  Dilution  Method.  T.  A.  Mangelsdorf,  B.  L.  Sowers,  and 

A.  J.  Deutser . 

Naphthidine,  Preparation  of.  Stuart  Cohen  and  R.  E.  Oesper. 
Naringin.  See  Grapefruit. 

Nephelometric  Determination  of  Fluorine.  R.  E.  Stevens. 
Nesslerization.  See  Nitrogen. 

Nitric  Oxide,  Determination  of — in  Coke-Oven  Gas.  J.  A  Shaw 

(Correction,  281) . 

Nitrobenzene.  See  Petroleum  Lubricants. 

4-Nitrocatechol.  See  Catechol. 

Nitrogen: 

Application  of  Semi-Mioro-Kjeldahl  Method  to  Analysis  of  Plant 

Tissue.  W.  W.  Umbreit  and  V.  S.  Bond . 

Determination  by  Dumas  Method.  Organic  Microanaiysis.  I 

R.  T.  Milner  and  M.  S.  Sherman . .  .  .  .' 

Method  of  Eliminating  Loss  of — as  Ammonia  in  Kjeldahl  Distilla¬ 
tions.  H.  S.  Miller . 

Microdetermination  of  Ammonia — in  Eggs.  S.  L.  Bandemer  and 

P.  J.  Schaible . 

Nesslerization  Applied  Directly  to  Macro- Kjeidahl — Determination. 

Sergius  Morgulis  and  H.  C.  Spencer . 

One-Piece  Glass  Micro-Kjeldahl  Distillation  Apparatus.  P.  L.  Kirk 

Semi-Microanalysis  of.  A.  R.  Ronzio . 

Semi-Micromethod  for  Determining  Basic — in  Plant  Tissues.  W.  W 

_  Umbreit  and  P.  W.  Wilson .  ' 

Simple  Micro-  and  Macro-Kjeldahl  Steam  Distillation  Apparatus. 

J.  M.  Fife . 

Special  Head  for  Kjeldahl  Distillation  Apparatus.  C.  E.  Weakley, 

Nomograph  for  Iodine  Vaiue  of  Tung  Oil.  ’  C.  S.  Wan  and  K  Ho!  !  !  ! 
Nomographs  for  Determining  Molecular  Weights  by  Freezing  and 
Boiling  Point  Methods.  W.  S.  Gilfoil . 
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OILS: 

Determination  of  Viscosity  of  Small  Samples  of — from — Impreg¬ 


nated  Paper.  H.  F.  Schneider,  Jr.,  and  T.  A.  McConnell .  28 

Fat-Extraction  Apparatus  for  Feeds.  C.  E.  Weakley,  Jr .  388 

Pipet  for  Determining  Acidity  of.  W.  F.  Davidson . !  483 

Report  of  Committee  on  Analysis  of  Commercial  Fats  and — of 

A.  C.  S.  W.  H.  Irwin  et  al . .  233 

Studying  the  Hardness  of  Butter  Fat.  W.  D.  Gallup .  123 

Tung,  Nomograph  for  Iodine  Value  of.  C.  S.  Wan  and  K.  Ho.  .  .  .  282 

Olefins.  See  Hydrocarbons. 

Oleomargarine,  Estimation  of — in  Ice  Cream.  T.  H.  Whitehead  and 

J.  B.  Dunson .  203 

Ores,  Spectrophotometric  Determination  of  Copper  in  Mattes  and. 

J.  P.  Mehlig  (Correction) .  257 

Organic  Compounds: 

Determination  of  Hydroxyl  Groups  in.  M.  Freed  and  A.  M. 

Wynne . .  278 

Direct  Determination  of  Oxygen  in — Containing  Sulfur.  W.  W. 

Russell  and  M.  E.  Marks .  453 

Organic  Reagents  in  Inorganic  Analysis.  F.  Feigl .  401 

Unsaturated,  Colorimetric  Estimation  of  Peroxides  in.  C.  A. 

Young,  R.  R.  Vogt,  and  J.  A.  Nieuwland .  198 

Organic  Microanaiysis.  See  Microanalyses. 

Oxidation-Reduction  Indicators.  See  Indicators. 

Oxidimetry,  Hexanitrato  Ammonium  Cerate  as  Proposed  Reference 

Standard  in.  G.  F.  Smith,  V.  R.  Sullivan,  and  Gerald  Frank .  449 

Oxygen,  Direct  Determination  of — in  Organic  Sulfur  Compounds. 

W.  W.  Russell  and  M.  E.  Marks .  453 

Oxygen  Microdetermination.  See  Microanalyses. 


PAPER,  Oil-Impregnated,  Determination  of  Viscosity  of  Small  Sam¬ 


ples  of  Oil  from.  H.  F.  Schneider,  Jr.,  and  T.  A.  McConnell .  28 

Paper,  Zinc  Pigments  in — Affect  a-Cellulose,  Copper  Number,  and 

Acidity  Tests . . .  62 

Particle  Size  of  Insecticidal  Dust.  L.  D.  Goodhue  and  C.  M.  Smith.  469 
Perchloric  Acid.  See  Selenium  and  Steel. 

Peroxides,  Colorimetric  Estimation  of — -in  Unsaturated  Compounds. 

C.  A.  Young,  R.  R.  Vogt,  and  J.  A.  Nieuwland .  198 

Persulfate-Arsenite  Method.  See  Steel. 

Petroleum: 

Corrosion  Test  Methods  on  Liquid  Butane  as  Motor  Fuel.  M.  M. 

Holm . 299 

Determination  of  Acidity  in  Insulating  Oil.  R.  N.  Evans  and  J.  E. 

Davenport .  287 

Determination  of  Elementary  Sulfur  in  Gasoline  and  Naphtha. 

Charles  Wirth  III  and  J.  R.  Strong .  344 

Determination  of  Smoke  Tendency  of  Refined  Kerosene.  J.  B. 

Terry  and  Edward  Field .  293 

Free  Sulfur  in — Distillates.  S.  Comay .  460 

Lubricants: 

Analytical  Methods  for  Solvent  Refining  of  Lubricating  Oils  with 
Nitrobenzene.  S.  S.  Kurtz,  Jr.,  C.  E.  Headington,  and  B. 

Zieber . . . : .  1 

Laboratory  Service  Testing  of  Automotive  Lubricating  Greases. 

E.  N.  Klemgard .  83 

Photometric  Determination  of  Iron  in  Used  Engine  Oils.  A.  R. 

Rescorla,  E.  M.  Fry,  and  F.  L.  Carnahan . . .  242 

Measurement  of  Flow  Rates  of  Hot-Oil  Streams  by  Dilution  Method. 

T.  A.  Mangelsdorf,  B.  L.  Sowers,  and  A.  J.  Deutser .  440 
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Mineral  Oil-Pyrethrum  Sprays.  See  Sprays.  ,.  , 

Physical  and  Chemical  Properties  of — Fractions.  H.  1.  Kail  and 
H.  M.  Smith: 

I.  Behavior  in  Dilute  Benzene  Solutions.  ...  . . ■■■■:■  4Z* 

II.  Relations  between  Molecular  Weight  and  Concentration  in 

Dilute  Solution . . . . . •  •  ■  •  •  ■  •  •  ■  •  •  y  •  •  •  ;  43b 

Potentiometric  Determination  of  Mercaptans.  M.  W.  lamele  and 

L.  B.  Ryland . .  lb 

(See  also  Asphalt  and  Hydrocarbons.) 
o-Phenanthroline  Ferrous  Ion.  See  Iodides. 

Phenol  Coefficient.  See  Germicide.  .  _ 

Phosgene,  Determination  of — m  Gases  from  Experimental  Fires  Ex¬ 
tinguished  with  Carbon  Tetrachloride.  W.  P.  Yant,  J.  C.  Olsen, 

H  H  Storch,  J.  B.  Littlefield,  and  Leopold  Scheflan  ..■■••••••••  20 

Phosphates,  Determination  of  Semi-Microquantities  of.  N.  H.  bur- 

Phosphoric  Acids,  Mixtures  of— for  Temperature  Baths  from  100  to 
250°  C.  B.  E.  Christensen  and  A.  E.  King.  .  .............  ...  . ...  194 

Phosphorus,  Determination  of— in  Stainless  Steels  Using  Perchloric 

Acid.  C.  D.  Susano  and  J.  H.  Barnett,  Jr .  484 

Photoelectric  Colorimeter.  See  Colorimeter 

Photometric  Determination  of  Iron  m  Used  Engine  Oils.  A.  R.  Res- 

corla  E.  M.  Fry,  and  F.  L.  Carnahan . ••••••  -4Z 

Photometric  Determination  of  Silicate  in  Sea  Water.  R.  J.  Robinson 

and  H.  J.  Spoor .  ; .  444 

Phthalate  Plasticizers.  See  Plasticizers. 

Picric  Acid.  See  Sulfur.  .  _  .,  ,oq 

Pipet  for  Determining  Oil  Acidity  W.  F.  Davidson  .  ....  434 

Pipet  for  Titrating  Dark-Colored  Liquids  in  Two  Phases.  M.  M. 

Hicks-Bruun  and  L.  W.  Claffey .  w“y 

Pitchblende.  See  Radium. 

"Pt  akts* 

4pplication  of  Semi-Micro- Kjeldahl  Method  to  Analysis  of— Tissue. 

W.  W.  Umbreit  and  V.  S.  Bond . . . . . .........  .m.  .  .  -7b 

Determination  of  Reducing  Sugars  and  Sucrose  in— Materials. 

W.  Z.  Hassid . . . ■  •  ■  ■■■  ■  ■■  ■  y . ;  y  y  148 

Determination  of  Starch  in— Tissues.  G.  W.  Pucher  and  H.  B. 

Vickery . •. . • .  92 

Semi-Micromethod  for  Determining  Basic  Nitrogen  in—1 Tissues. 

W.  W.  Umbreit  and  P.  W.  Wilson.  .  - - -  .  .... . . . .  444 

Spectrographic  Microdetermination  of  Zinc  in.  A.  P.  Vanselow  and 

B.  M.  Laurance.  (Correction,  400) .  24U 

Plasticity  Measurements.  See  Rubber.  .  1  „ 

Plasticizers,  Phthalate,  Determination  of.  F.  C.  Thames. .  .  .  .  ...  ...  448 

Plastics,  Bituminous,  Determination  of  Flow  Properties  of.  K.  JN. 

Traxler .  180 

Platinum  Metals.  See  Metals. 

Portland  Cement.  See  Cement. 

Potassium  i 

Determination  of  Small  Amounts  of — by  Silver  Cobaltinitrite.  R.  J. 

Robinson  and  G.  L.  Putnam .  .........  .  .  .  .  ...  ■■■■■■  211 

New  Reagent  for.  I.  Qualitative.  A.  W.  Clark  and  C.  O.  Willits  209 
Sensitiveness  of  Magnesium  Uranyl  Acetate  Reagent  to  Sodium  and. 

q  jj  Greene . . .  •  ■  ■  ■  oyy 

Potassium  Iodide,  Titration  of  Silver  with.  Albert  Bloom  and  W.  M. 

Potentiometric  Determination  of  Mercaptans.  M.  W.  Tamele  and 

L.  B.  Ryland. . . .  ■  ■  ■•  •  •  •  . .  10 

Potentiometric  Titration.  See  Titration.  ,  T  „ 

Pycnometer,  Precision — for  Liquids.  S.  T.  Yuster  and  L.  H.  Reyer- 

son . . 

Pyrethrins.  See  Sprays. 

Pyrethrum  Sprays.  See  Sprays. 

Pyridine-Bichromate  Method.  See  Mercury.  ....  „  _  '  ., 

Pyroligneous  Liquors,  Determination  of  Formic  Acid  in.  H.  D.  Weihe 

and  P.  B.  Jacobs . .  . . . . ■■••••■ . ;  44 

Pyrometer,  Simple  Portable  Aradiant  Convection.  F.  I.  Barr  and 

R.  F.  Berger .  393 

QUANTITATIVE  Analysis,  Application  of  Statistics  to.  A.  A. 

Benedetti-Pichler .  373 

RADIUM,  Determination  of — in  Carnotite  and  Pitchblende.  L.  D. 

Roberts . . .  3 

Recording  Balance.  See  Balance. 

Reduction-Oxidation  Indicators.  See  Indicators.  ... 

Refractive  Index,  Standard  Liquids  for  Microscopic  Determination  of. 

A.  H.  Kunz  and  J.  Spulnik .  ...  •  ■  . .  433 

Refractometer,  Differential.  D.  Rau  and  W.  E.  Roseveare. . . ... .  .  .  .  72 

Refractory  Crucibles,  Preparation  of — for  Laboratory.  P.  S.  Roller, 

D.  Rittenberg,  and  A.  Gabriel..  . . 433 

Resins,  Alkyd,  Analysis  of.  Frederick  Ravanagh .  897 

(See  also  Plasticizers.) 

^^Jetection  of — in  Sodium  Carbonate  Bead.  Herman  Yagoda .  133 

Determination  of: 

I.  Qualitative.  L.  C.  Hurd . . .  11 

II.  Geilmann  Reaction.  L.  C.  Hurd  and  B.  J.  Babler .  112 

Rodgers  Ring  Burner.  See  Burner.  .  .  ,  _  ^  „ 

Rotenone  Determination  by  Colorimetric  Methods.  H.  D.  Rogers 

and  J.  A.  Calamari .  435 

Determination  of  Free  Sulfur  in.  E.  W.  Oldham,  L.  M.  Baker, 

and  M.  W.  Craytor . •  •  •  •  . . .  •  ■  . . ••••••■  41 

Determination  of  Guanidines  m — Stocks  and  Consumption  of 

Guanidines  during  Cure.  B.  J.  Humphrey . . .  153 

Determination  of  Sulfur  in — Compounds.  C.  H.  Lindsly: 

I.  Precipitation  of  Barium  Sulfate  in  Presence  of  Picric  Acid ..  .  176 

II.  Sources  of  Error  in  Determination  of  Free  Sulfur  in — Com¬ 

pounds  Containing  Rapid  Accelerators  and  Sulfur-Bearing 
Accelerators . . . 179 

Impact  Cutting  Test  for  Tire  Tread  Stocks.  J.  H.  Dillon .  68 

New — Particle  Count  in  Hevea  Latex.  E.  E.  Langeland . 174 

Pendulum  as  Source  of  Energy  for  Plasticity  Measurements.  Ira 

Williams .  304 

SALICIN,  Estimation  and  Identification  of  the  Glucoside.  M.  B. 

Jacobs  and  N.  T.  Farinacci . . . .  •  •  •  •  279 

Saponification  Numbers  of  Asphaltic  Petroleum  Residues.  J.  H. 

Bruun  and  L.  W.  Claffey .  ^55 


Sea  Water.  See  Water.  . 

Sedimentation  Apparatus  for  Determining  Particle  Size  of  Insecticidal 

Dusts.  L.  D.  Goodhue  and  C.  M.  Smith .  469 

Seil  Method.  See  Sprays. 

Selenium:  _  . 

Copper  Chloride-Perchloric  Acid  Method  for  Gravimetric  Deter¬ 
mination  of — in  Alloy  Steel.  Louis  Silverman . .  .  132 

Determination  of— in  18-8  Stainless  Steels.  G.  G.  Marvin  with 

W.  C.  Schumb . ••••••••••••••** 

Determination  of — in  Steel.  W.  C.  Coleman  and  C.  R.  McCrosky  196 
New  Colorimetric  Procedure  for — Determination.  K.  W.  Franke, 

Robert  Burris,  and  R.  S.  Hutton .  435 

Shaking.  See  Agitation.  . 

Shellac,  Fluidity  and  Hygroscopic  Properties  of.  R.  V.  Townend  and 

W.  R.  Clayton . ; . .  •  •  •  •  •  •  •  ■•••••■  •  ••  ■  •  108 

Silica,  Determination  of — in  Boiler  Water.  *  M.  C.  Schwartz  (Cor- 

rection) . ; . ;••••••• . •••••••••.••  828 

Silicate,  Photometric  Determination  of — in  Sea  Water.  R.  J.  Robin- 

son  and  H.  J.  Spoor . . . .  .  . . •  .  .  .  •  ■  ■  •  455 

Silicate  Rocks,  Determination  of  Chromium,  Vanadium,  and  Molyb¬ 
denum  in.  E.  B.  Sandell . . . .  336 

Silicic  Acid,  Ignition  of.  K.  A.  Krieger  and  H.  S.  Lukens .  118 

Silicosis.  See  Dusts.  ,  „  ,  T 

Silver,  Ceric  Ammonium  Sulfate  and  Starch  as  Indicators  m— Titra- 
tion  with  Potassium  Iodide.  Albert  Bloom  and  W.  M.  McNabb.  .  167 

Silver  Arsenate,  Determination  of  Arsenic  in.  Austin  Pomerantz  and 

W.  M.  McNabb .  .  . .  .............  466 

Silver  Cobaltinitrite,  Determination  of  Small  Amounts  of  Potassium 

by.  R.  J.  Robinson  and  G.  L.  Putnam . . .  211 

Silver-Copper  Alloys,  Electroanalysis  of.  W.  L.  Miller.  ........ .  .  .  .  431 

Siphoning,  Device  for  Determining  Rate  of  m  Metal  Extraction 

Systems.  R.  S.  Asbury . . . •  •  ■ .. ... ,  •  .  452 

Sodium,  Determination  of— in  High  Aluminous  Material.  H.  V. 

Churchill,  R.  W.  Bridges,  and  A.  L.  Miller.  .  .  . . . . .  ■  .  ■  348 

Sodium,  Sensitiveness  of  Magnesium  Uranyl  Acetate  Reagent  to 

Potassium  and.  C.  H.  Greene .  399 

Sodium-Ammonia  Method.  See  Sulfur.  . 

Sodium  Carbonate  Bead,  Detection  of  Rhenium  in.  Herman  Yagoda  133 
Sodium  Hyposulfite  Solutions  for  Absorption  of  Oxygen.  Dorothy 

Quiggle  .  3b3 

Sodium  Thiosulfate,  Standardization  of— Iodometrically  against 

Copper.  L.  O.  Hill . . 

Soils,  Determination  of  Zinc  in.  H.  M.  Boggs  and  A.  O.  Alben .  9 ' 

Solubility  Determinations,  Hill  Method  for.  T.  W.  Evans .  206 

Solvents,  Determining  Evaporation  Rate  of — at  High  Temperatures. 

F.  C.  Thorn  and  C.  Bowman .  442 

Spectrographic  Determinations: 

Copper  in  Ores  and  Mattes.  J.  P.  Mehlig  (Correction) .........  257 

Detection  of  Lanthanum,  Yttrium,  and  Ytterbium  from  Spark  in 

Flame  Spectra.  O.  S.  Plantings,  and  C.  J.  Rodden  .  232 

Fluorescent  Light  Microscopy.  C.  J.  Frosch  and  E.  A.  Hauser .  .  .  423 

Microdetermination  of  Zinc.  A.  P.  Vanselow  and  B.  M.  Laurance. 

(Correction,  400) . . y;"  y.'  '  w- . -v  yy  ^4U 

Quantitative  Determination  of  Cadmium  and  Lead  m  Zinc.  H.  M. 

Sullivan . . 

Spindle  for  Insulating  Wires.  J.  M.  Sturtevant .  ......... - -  .  ...  341 

Spray.  Dithizone  as  Reagent  for  Dissolving  and  Determining  Kesi- 

due  Lead.  W.  E.  White .  •  231 

Sprays,  Loss  of  Pyrethrins  during  Analysis  of  Mineral  Oil-Pyrethrum 

Extracts  by  Seil  Method.  J.  J.  T.  Graham .  .  .  .  222 

Stannic  Oxide,  Separation  of— from  Various  Metallic  Oxides  by 

Ignition  with  Ammonium  Iodide.  E.  R.  Caley  and  M.  G.  Burford  114 
Starch,  Determination  of— in  Plant  Tissues.  G.  W.  Pucher  and  H.  B. 

Vickery . 

(See  also  Silver.) 

^TAUoy  Gravimetric  Determination  of  Selenium  in.  Louis  Silverman  132 
Corrosion-Resisting  18-8,  Determination  of  Manganese  in.  Louis 

Silverman . .  .  . . y  •  •  •■-••••■ . .  ■  ■  43 

Determination  of  Manganese  in  Tungsten  and  Ferrotungsten.  D.  1 . 

Smith,  J.  A.  McHard,  and  K  L.  Olson. . . ... . ......  •  ■  •  • ;  •  •  ■  •  •  •  450 

Determination  of  Phosphorus  in  Stainless— Using  Perchloric  Acid. 

C.  D.  Susano  and  J.  H.  Barnett,  Jr . . . ■ ■  ■■  ■  ■  •  •  -  •  •  ■  •  •  ■  434 

Determination  of  Selenium  in.  W.  C.  Coleman  and  C.  R.  McCrosky  196 
Determining  Sulfur  in  Plain  and  Alloy— by  Combustion  Method. 

C.  H.  Hale,  Jr.,  and  W.  F.  Muehlberg.  .................. - •  •  447 

18-8  Stainless,  Determination  of  Selenium  m.  G.  G.  Marvin  with 

W.  C.  Schumb . .  ...  •  ■  •  •  ■  . •  w  y  1U9 

Modified  Persulfate-Arsemte  Method  for  Manganese  in.  E.  B. 

Sandell,  I.  M.  Kolthoff,  and  J.  J.  Lingane  (Correction) .  73 

Stills.  See  Distillation. 

Iteontiun?' Separation  of^-.  Barium  and  Lead  from  Calcium  and 

Other  Metals.  H.  H.  Willard  and  E.  W.  Goodspeed .  414 

Sucrose.  See  Sugar. 

^Apparatus  for— and  Other  Titrations.  E.  S.  West .  .  .....  .  .  .  .  ....  62 

Apparent  and  True  Solids  of— Cane  Juice.  C.  A.  Fort  and  Nelson  ^ 

Determination  of  Reducing — and  Sucrose  in  Plant  Materials. 

W.  Z.  Hassid . :  •  448 

Raw  Cane,  Dextrose-Levulose  Ratio  and  Polarizing  Constants  of. 

F.  W.  Zerban . . . - yyy;;"-:’  444 

Semi-Micromethod  for  Iodometnc  Determination  of  Maltose  in 
Studies  of  Amylase  Action.  M.  L.  Caldwell,  S.  E.  Doebbelmg, 

and  S.  H.  Manian . . . .•••■••• . .  iSi 

Turbidity  in— Products.  IV.  Preparation  of  Raw— Solutions  for 
Determination  of  Color  and  Turbidity.  F.  W.  Zerban  and  Louis 
Sattler .  ibs 

SUBarium  Chromate  Method  for  Volumetric  Determination  of — in 

Water.  M.  D.  Foster . •  ■  •  •  •  -  •  •  •  •  •  •  •  •  •  194 

Determination  of — by  Titration  with  Lead  Nitrate,  Using  Eosin  as 

Indicator.  J.  E.  Ricci. . . . . . . .■ . yy  ;j  v  •  130 

Direct  Titration  of— with  Tetrahydroxyqumone  as  Internal  Indi- 

cator.  R.  T.  Sheen  and  H.  L.  Kahler .  127 

Accurate  Separation  of  Precipitated  Mercuric  Sulfide  and— in  Gravi- 

metric  Determination  of  Mercury.  E.  R.  Caley  and  M.  G.  Bur-  ^ 

Combustion  Method  for  Determining— in  Plain  and  Alloy  Steeis. 

C.  H.  Hale,  Jr.,  and  W.  F.  Muehlberg . .  ....  •  •  •  444 

Determination  of  Elementary — in  Gasoline  and  Naphtha.  Charles 

Wirth  III  and  J.  R.  Strong .  444 


496 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Dete‘,minationof  Free— in  Rubber.  E.  W.  Oldham,  L.  M.  Baker, 
and  M.  W.  Cray  tor . 

D^rminati°n  of  OrpnioT-by  Liquid  Ammonia-Sodium  'Method. 

F.  J.  Sowa,  V.  G.  Areadi,  and  J.  A.  Nieuwland 
Determination  of— in  Rubber  Compounds.  C.  H.  Lindsly: . 

I.  Precipitation  of  Barium  Sulfate  in  Presence  of  Picric  Acid 

II.  Sources  of  Error  in  Determination  of  Free— in  Rubber  Com- 
Iiounds  Containing  Rapid  Accelerators  and — Bearing  Accelera- 

Direct  Determination  of  Oxygen  in  Organic — Compounds.  W  W 

Russell  and  M.  E.  Marks .  • 

Free — in  Petroleum  Distillates.  S.  Comay.’. . 

SUE aW^G“enfieldeaSUrementS  °f  Viscous  Li0uids-' '  A.'H.Pfund'and 
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179 
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TEMPERATURE  Baths,  Inorganic  Liquid  Mixture  for— from  100° 

to  250°  C.  B.  E.  Christensen  and  A.  E.  King . 

Tetraethyl  Ammonium  Iodide  as  Reagent  in  Microscopical  Qualitative 

T^,v,  yii1S  °f  Antlmony  and  Bismuth.  F.  T.  Jones  and  C.  W.  Mason 
Tetrahydroxyquinone.  See  Sulfates. 

Thermionic  Titrimeter.  See  Titrimeter 

Thermoregulator,  Adjustable  Sensitive.  J.  Y.  Yee  and  R.  O.  E  Davis 
Thermoregulator,  Sensitive.  L.  D.  Goodhue 

Thermostat,  Versatile  Low-Temperature.  G.  B.'  Heisig . 

I  in.  See  Electrolysis. 

Tires.  See  Rubber. 

T'and' a"1’!?  Ploet^etll0d  f°r  Determining.  H.  B-  Hope,  R.  F.  Moran, 

Titanium  Titration.  See  Titration. . 

Titbation: 

A<Tulan°ef  4*Nitrocatecho1  as— Indicator.  S.  R.  Cooper  and  V.  J. 

Alkali,  New  Buret  for.  L.  S.  Keyser  . .  . . . 

Apparatus  for  Sugar  and  Other.  E.  s!  West . 

Chloride  Ion  with  Mercuric  Nitrate  Solutions.  Irving  Roberts 
Determination  of  Iron  by  Titanium— and  by  a.a'-Bipyridine 
Colorimetry.  W.  D.  McFarlane  nipynuine 

D!tned"atm:0nj.0kSRtctie.byrWith  Lead  ^  Bosh*'a“ 

DeItor°RSTf  Sheen  ^ and  Yndil 

Pipet  for  Titrating  Dark-Colored  Liquids  in  Two  Phases.  M.  M 

Hicks-Bruun  and  L.  W.  Claffey . 

Potentiometric,  New  Buret  for.  L.  S  Keyser . 

Potentiometric— of  Acidity  in  Insulating  Oil  Using  Glass  Electrode 
in  n-Butanol.  R.  N.  Evans  and  J.  E.  Davenport 
Silver  with  Potassium  Iodide.  Albert  Bloom  and  W.  M.'  McNabb ' 

I  i  trimeter,  Thermionic— without  Batteries.  H.  H.  Willard  and  O  B 
Hager,  Jr.  (Correction,  180) . 

T0Kran0tzJ,JrCe’  Buffer  Capacity  of-  Margarethe  Oakiey  and  j!  C. 

Tubing.  See  Copper. 

Tung  Oil.  See  Oils. 

Tungsten,  Determination  of  Manganese  in  Ferrotungsten  and.  G  F 

Smith,  J.  A.  McHard,  and  K.  L.  Olson . 

Turbidity.  See  Sugar  Products. 
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VALVE,  Check— for  Wash  Bottles.  F.  H.  Smith .  arm 

Valve,  Sensitive  Check.  E.  L.  Green 

Vanadium  in  Silicate  Rocks.  See  Silicate  Rocks . 
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V  oPfOT  RM^Iatonn  VVar,RaRch,^aPOr-VolUme  Bar0metric  T™e 

Va£ieTrf<?  RDTerrauiz,aar'A.M/Ki  MoiemUar’  Weight.”  j!  B.  _ 

^bard's'qidr^' mid  R^L.^Doc ^ndOTff^.60.^^.^^1^  Banee  °f/  '  'B°- 

Viscometers.e  Susjpended-Level,  Modification  of.  E.  H.  Payne  and 

Viscous  Liquids.  See  Liquids. . 

VHaan?rysVeenUbnoctk..Ener.g.yEqUiValentS  °L  R'  W‘  Hama“  a°d 
V°PaUcetriC  Determlnations-  Calculating '  the '  Blank  'in'. '  Bartholow 

Wash  Bottles,  Check  Valve  for.  F.  H.  Smith . 

Water: 

Alf?tenef'  Slmplification  of  Isohydric  Indicator  Method.  Sverre 
B a n u inC h  ro mate  Method  for  Volumetric  Determination  of  Sulfate 

PllieorVwiefrmi?aK°n  SiUcair?f '  AI'  &  Schwartz  (Correction) ' '  ' 

N^SMotkkrTutOTaH:yBTileLanderF'  Sharp  ^  E'  B’  St™ble- 

Seand  E^Beach1  °f  Ir011  N'  W’  Rakestraw'  H-  E.'  MahnckV, 
SeandPH0tjmsepoor  Determination  °f  Silicate'  i'n'.'  R.'  J.  Robinson 

^Fart).ASneU  ran^dK^W.hHaesSer^e^aI"IPi^ag~^’a'laad  by  Abrasion. 
W\ViliiamsErr°rS  in  Alicr0~Due  t0  Use  of  Lead  Shot  in  Tar'es.'  '  R.  J. 

Willard  and  Winter  Method. '  ' See  Fluorine. . 

Wine,  Methods  of  Analyzing.  C.  H.  McCharles  and  G.  A.  Pitman 
Winter  and  Willard  Method.  See  Fluorine 
Wires,  Insulating,  Spindle  for.  J.  M.  Sturtevant. . 

Wood,  Composition  of  Middle  Lamella  of  Lignin  in  Douglas  Fir'  '  '  A  J 


Bailey 

Wood,  Lignin  in  Douglas  Fir. 


A.  J.  Bailey. 
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*r^Yr?iff,raCti?n  Method  for  Quantitative  Analysis  of  Mine  Dusts. 

G.  L.  Clark  and  D.  H.  Reynolds . 

tkT’  ^^‘fication  of  Crystalline  Materials  by— Diffraction  Pat¬ 
terns.  J.  D.  Hanawalt  and  H.  W.  Rinn .  244 

YTTERBIUM,  Detection  of  Lanthanum,  Yttrium,  and — from  Spark 
in  Flame  Spectra  O.  S.  Plantinga  and  C.  J.  Rodden  232 

i  ttrium.  See  preceding  item .  . 

ZINC: 

Determination  of  in  Soils.  H.  M.  Boggs  and  A.  O.  Alben .  97 

^Tests^  m  Baper  •^fieet  “-Cellulose,  Copper  Number,  and  Acidity 
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QSai3livanVe  Determination  of  Cadmium  and  '  Lead  in. '  'h’.‘  ‘m. 

Quantitative  Separation  and'  Determination'  of'  Aluminum '  and'. 

-cish  and  J.  M.  Smith,  Jr.  (Correction,  477).  940 

Spectrographic  Microdetermination  of.  A.  P.  Vanselow'andB'  M 
Laurance.  (Correction,  400) .  240 
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